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(57) Abstract: A tester on a device under test to test component circuitry of the device under test, the tester comprising: logic con-
figured with firmware to implement test circuitry comprising: protocol generators that are configurable to generate protocols; pattern
generators that are configurable to provide test patterns that are drivable according to one or more of the protocols; and a system

O controller to select, in response to a program input, a test pattern and a protocol with which to test the component circuitry.
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EMBEDDED TESTER

TECHNICAL FIELD

This patent application relates generally t0 a configurable embedded tester.

BACKGROUND

Self-test may include incorporating a test system, referred {0 herein as an
‘embedded tester”, onio g device. The embedded tester may be used io test any
appropriate structure and/for function of the device.

Embedded testers may be incorporated into devices, such as printed circuit
board assemblies (PCBAs), by configuring/re-configuring on-board logic. Through
such a process, the logic essentially becomes a miniature tester capable of testing
the device. In cases involving programmable logic, the process staris as dedicated
test firmware overwrites mission made firmware for the device. Then, testing is

conducted, and the logic is reverted back to its original mission-mode configuration.

SUMMARY
in general, in one aspect, a tester on a device under test 1o test component
circuitry of the device under test includes logic configured with firmware o
implement test circuiiry comprising: protocol generators that are configurable to
generate protocols; pattern generators that are configurable to provide test pattemns

that are drivable according to one or more of the protocols; and a system controlier
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to select, in response to a program input, a test pattern and a protocol with which to
test the component circuitry.

implementations of the disclosure can include one or more of the following
features. in some implementations, the fester further includes a pattern controller to
(i} control driving of output to the component circuitry, the output being based on the
selected pattern and the selected protocol, and (i) {o receive a test result from the
component circuitry in response o the outpul. In other implementations, the system
controlier is configured o receive the program inpul, to generate one or more
commands according to the program input, and o send the one or more commands
o the patiern coniroller; wherein the pattern coniroller is responsive to the ong or
more commands o generate the output from the selecled patiern and the selected
protocol. In yei other implementations, the pattern coniroller comprises a vector
controlier that is configured to alier the selected patlern and the selected protocol.

In still other implementations, the tester includes a clock generaior (o provide
clocking information; wherein the system controlier is configured {o request and to
receive the clocking information from the clock generator, and to affect edge
placement of test signals. In some implementations, the system controller is
configurable o change the clocking information and 1o output the changed clocking
information {0 one or more components of the tester. In other implementations, the
system controller is configurable o generate a number of test ports for the tester.

in other implementations, the system controller is configurable to generate the

number of test ports by replicating test poris, including components thereof, the
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number of imes. In still other implementations, sach test port comprises: a driverto
drive the oufput {o the component circuitry; a receiver o receive the response; and a
trigger detector to identify features of the response and to oulput a signal following
detecting of a feature. in still other implementations, each {est port further
comprises: a port controller responsive to the system controller to affect driving the
output from the driver. In some implemeniations, the tester includes a pattemn
memory, the pattern memory being configurable with information to control
repetitions of paiter vectors in the ocutput.

in still other implementations, the logic comprises one of a field
programmable gate array (FPGA) or an application-specific infegrated circuit (ASIC).
in some implementations, the system controller is configurable o detect a protocol
of the DUT and o select the protocol corresponding to the protocol of the DUT. In
yvet other implementations, the device under test comprises component circuitries
that operate using different communication protocols; and wherein the test circuitry
is configurable (o test at least one of the component circuitries. In still other
implementations, the pattern generator is configured to provide previously generated
test vectors that can be applied as tester stimuli; or wherein the patlern generator is
configured 1o provide test vectors that are generated dynarmically. In some
implementations, the tester is embedded in the device under test and is configurable
to test multiple circuit components of the device under test using different protocols.

in still another aspect of the disclosure, 8 method of configuring a testeron a

device under lest (o test component circuitry of the device under test includes
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configuring logic with firmware to implement test circuitry comprising: protocol
generators that are configurable 1o generate protocols; patiemn generators that are
configurable to provide test patierns that are drivable according to one or more of
the protocols; and a sysiem controller to select, in response (o a program input, a
test pattern and a protocol with which to test the component circuitry.

Iimplementations of the disclosure can include one or more of the following
features. In some implementations, the {est circuitry comprises an oulput controller
to (i} control driving of output to the component circuifry, the output being based on
the selected pattern and the selected protocol, and (i) to receive a test resull from
the component circuitry in response to the output. In other implementations, the
methad further includes preventing mission code from being loaded into logic on the
apparatus, the mission code for causing the apparatus o perform functions other
than test; wherein configuring the logic comprises configuring the logic with the
firmware.

in yet another aspect of the disclosure, one or more machine-readable media
store instructions that are executable to perform operations comprising: configuring
logic with firmware to implement test circuitry comprising: protocol generators that
are configurable to generate protocols; pattern generators that are configurable o
provide test patterns that are drivable according to ong or more of the prolocols; and
a system controller {0 select, in response {o a program input, a test pattern and a
protocol with which 1o test the component circuitry; wherein the test circuitry is part

of a tester that is on a device under test, the tester for testing component circuitry of
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the device under test. Implementations of this aspect of the present disclosure can
include one or more of the foregoing features.

Any two or more of the features described herein, including in this summary
section, may be combined to form embodiments not specifically described herein.

All or part of the foregoing may be implemented as a computer program
product comprised of instructions that are stored on one or more non-transitory
machine-readable slorage media, and that are executable on one or more
processing devices. All or part of the foregoing may be implemented as an
apparatus, method, or system that may include one or more processing devices and
memory to store executable instructions o implement functionality.

The details of one or more examples are set forth in the accompanying
drawings and the description below. Further fealures, aspects, and advantages will

become apparent from the description, the drawings, and the claims.

DESCRIPTION OF THE DRAWINGS
Fig. 1 is block diagram of an example embedded tester.
Fig. 2 is a flowchart of an example process for using an embedded tester.
Fig. 3 is a block diagram showing an exampie test system that may be tested

using an embedded lester.
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DETAILED DESCRIPTION

Deascribed herein are example implementations of an embedded iester that
may be used to test various types of devices or sysiems. The example
implementations are described in the context of automated test equipment (ATE) In
this example, the ATE, or component circuitry thereot, is the device under test
(DUT)Y. However, the example embedded testers described herein are not imited to
use in an ATE context. Rather, such systems may be incorporated into any
appropriate device. For example, an embedded tester may be incorporated info a
chip set, a printed circuit board assembly (PCBA), a device or system such as a
cellular telephone, tablet, or the like, or any other appropriate device containing
components o be tested.

An example implementation of an embedded tester 10 programmed into an
FPGA 12 of a system 1o be tested is shown in Fig. 1. Example embedded tester 10
includes, but is not limited to, a device intarface 14, a system controller 16, a clock
generator 18, pattern generators 20, protocol generators 22, a patiern controller 24,
and test port conirol circuitry 26. Examples of these Teatures are described below.

System controller 16 contains a command router {not shown) for receiving
and routing instructions issued by a user {e.q., a test engineer). These instructions
may be received via device interface 14, and may provide information about the iype
of testing 1o be performed. The instructions may be device-specific. An example
instruction set may specify, for a test protocol: pin function setup, including a

number of test ping for the embedded tester; trigger definitions including information
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for triggering identification of data received from a device under test (BUT) {in this
example, the DUT for the embedded tester is the system in which the testeris
embedded, or component circuilry of that system); pattern data and control
information, including information for selecting a test pattern/pattern generator and
for modifying a test pattern; capture results and pass/fail data, including information
speacifying what constitutes passing or failing a test; instrument status, including
watchdog and execution states; and clock configuration, including configurable {e.g.,
programmable} attribuies of a clock, such as frequency. This information, along with
other information not described herein, may be programmed into various elements of
the embedded tesier in order o implement a test protocol.

FPattern controller 24 incdludes both memory and execution engines for
deployment of patterns during testing. in an example implementation, pattem
controller 24 receives patlerns and pattern conditioning data from, or via, system
controlier 16, and cutputs those patterns (o a DUT. Patlern controlier 24 also
receives lest results from the DUT, via lest port control circuitry 28, and outpuls
those test results to system controller 16.

Pattern controller 24 includes memory elements, including channel RAM 28,
result RAM 30, and pattern RAM 32. The memory elements may be based on the
internal RAM blocks of the FPGA and store drive and control data for inpul test
patterns {(also referred to as test veciors). Result RAM 30 stores captured
responses from the DUT as well as passfiail information. Channel RAM 28 stores

patterns (e.g., data} to be driven to a DUT, with which to test the DUT. Pattern RAM
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32 stores data for sequencing during testing. For example, pattern RAM 32 holds
instructions for looping test patterns. Thease instructions may be executed 1o repeat
certain patterns following output of a stimulus and receipt of a response thereto.
information in the pattern RAM and the channel RAM is programmable.

Vector controlier 34 is configurable 1o control overall execution of pattern
bursts during test. In operation, vector controlier 34 reads commands and pattern
instructions from channel RAM 28 and pattern RAM 32 at a speed defined by the
user. Pin states are sent o infernal test pins in test port control circuitry 26, which
drives and monitors resulling responses of the DUT. Based on the user’s patiem
control requirements, vecior controller 34 may be configured to loop through
appropriate channe! states for testing while capturing and storing test results.
instructions in pattern RAM 32 may be used to implement such looping. Vector
controller 34 also receives test resuits from test port control circuitry 26, stores the
test resulls in resuit RAM 30, and makes the test results available o {g.g., provides
them to) system controller 16.

Test port control circuitry 26 includes individual pin logic and instrument and
tfrigger controls. In an example implementation, test port control circuitry 26 includes
instrument controlier 36 and trigger controller 38. Instrument controller 36 controls
timing for turning an output driver on/off through circuit element 40, and is
responsive {o instructions from system controller 16, Trigger controlier 38 indicates
which data from a test pin constitutes valid test result data {(as opposed to noise or

the like). For example, trigger controller 38 monitors test result data received from
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the UUT for certain events, such as a high, 8 low, a pattern of highs and lows, rising
adge, falling edge, ete. Test result data having one or more of those events is
deemead, by the patlern controlier, to be valid test result data. In some
implementations, trigger controlier 38 is configured to detect signal level-high, level-
low, rising-edge, and falling edge events. Each frigger event may be user-
programmable into the trigger controller, allowing the user flexibility in monitoring
and driving test data. Additionally, there may be two trigger busses that can be
connected o vector controller 34, enabling conditional operation depending on
evenis detected by the test pins and the assigned trigger control,

Test ping 42 control what is driven/tri-stated and assert trigger lines when
egvenis are observed. The number of test pins is configurable. For example a
number of test pins can be instantiated in an embedded tester in regponse o an
input from the user. In some implementations, multiple numbers of test ports
{(including test pins) may be instantiated for each embedded tester, e.g., the number
may be scalable by a variable during building of the embedded system. However, in
other implementations any appropriate number of test pins may be instantiated.

In some implementations, a test pin 42 may include a coniroller 44, which is
responsive o instrument controlier 36 o conirol driving of output from the test pin. A
driver 46 drives lest patterns © the UUT, a receiver 48 receives test resull data from
the UUT, a trigger detector 50 is responsive {0 the trigger control io generate a
signal each time test result data has a specific characteristic, and a circuit element

40, such as amplifier, buffer, or the like, is included through which the test data is
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output to the UUT. Forreceipt of test result data, the example embedded tester may
be configured to implement direct capture or window captura. For direct caplure,
inputs are sampled on a single clock edge. For window capture, an input is sampled
at one clock edge {the “open window”) and again on ancther clock edge (the “close
window”). Sampling may be performed using the trigger controller. if the values are
different atf the two sampling times, the pattern controller will log the capture as a
failure. This gives additional assurance that the captured test result data is stable
and reliable. If the values are the same {or within a {olerance} at the two sampling
times, the patiern controller identify the sample as valid test data.

in some implementations, there may be flexibility regarding signal edge
placement. For example, sysiem controller 16 may be configured to adjust the
phase of any of the tester clocks. If there is skew or delays are required from one
circuit to the next, an instruction can be called o implement the skews or delays.
The phase may be adjusted (o affect edge placement of tast signals.

While there is no theoretical limit to the speed or to the number of test
pins/channels that may be programmed in an FPGA, there may be restrictions that
are based on the size and complexity of the FPGA. For signaling, embedded test
pins can be multiplexed internal to the FPGA. As a resull, a relatively small
embedded tesier can be synthesized in an FPGA, but a relatively wide matrix could
roule the test patiemns to nearly any appropriate external pin. Since clocks in FPGAS

can be phase-adjusted, resulting routing delays can be compensated. | high-speed

-10-
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applications are desired, on-chip DDR {(Double Data Rate) and SerDes elements
can be employed 0 increase the patlern rate experienced by the UUT.

System controiler 16 may receive a clock signal from clock generator 18.
Clock generator 18 may be programmed {0 adjust clock edges and move them in
time. System coniroller 16 may adjust clocking for both driving and receiving test
patierns based on a clock signal received from the clock generator. As noted,
system controller 16 may adjust this clock signal in accordance with program input
from a user or automaticaily based on instructions run by the sysiem controller. The
clock signal is adjustable for both driving and receiving test patierns. In some
implementations, on the stimulus {driving) side, drivers can oulput certain siates
(fegical 0, 1, and hi-impedance (z}) on an assertion clock, and then retlum o a
predefined state on a return clock. In some implementations, the return state
options are retun-to-1, return-to-0, return-to-complement, return-to-off, and none.

The example embedded tester may be dynamic for at-speed testing.
Accordingly, a user {e.g., a test engineer) performing the testing can set-up the
embedded tester, without requirements regarding instruction upload times, and then
simply execute a patiern sel. Pattern controiler 24 controls the remaining functions.
Additionally, a waichdog system may be incorporated in the embedded tester to
enable users 1o address issues thal may resuit from manufacturing or operational
defects. This watchdog may be programmable and can be included as an element

to test.

-11-
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Since the example embedded system is inside the device 1o be tested {e.g.,
ATE}, its logical interface can be altered to match 2 test set-up. An IEEE 1140.1 test
access port included in an FPGA may be used by test programs to command and
conirol the embedded {ester. However, in example implementations, any proiocol
such as 120, SPI, UART, and so forth may be used to control the embedded tester
Control may be performed through device interface 14,

Example embedded lester 10 may include ong or more pattern generators 20,
Patiern generafors 20 are configured to generate test patterns for use in testing a
DUT. For example, the pattern generators may be programmabile to generate
custom tesi patterns, or they may be hard-coded (o generate predefinaed fest
patterns In some implementations, patlern generaiors 20 are engines thal reside
within the embedded tester to faciliiate automated test development. The pattern
generators can populate the embedded tester with test patterns that can then be
executed as part of 2 test protocol. The pattern generators may include, but are not
limited to, the following: pseudo-random pattern generators, multiple and single
input signature generators, gray code and sine {able patiern generators, memory
march process pattern generators, checkerboard /walking-1/walking-0 generators,
and a CRO {cydlic redundancy check) engine. With inputs to set-up the patlemn
generalor parameters, large amounts of test patterns can be generated for a DUT
test application.

in some implementations, pattern generators 20 are predefined, and

implement one or more of the patierns described above. In operation, system

-12-
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conirolier 16 may receive program input from device interface 14, select a patiern
generator(s) based on that input, and receive one or mare patterns from the selected
patiern generalor. System controller 16 may receive those patlems, pass them as-is
to pattern controller 24, or modify the patterns prior to output to the pattern controller,
The patterns may be modified in accordance with the program input.

In some implementations, a user may program test patterns for use in testing
the BUT in the system controller (g.g., and not use a test pattern from a pattern
generator). As noted, a user may also adjust a test pattern provided by a paltern
generator by appropriately programming the system controller. In some
implementations, the user may combine test patierns from different pattemn
generators in the system controller 1o produce a new test pattern.

Embedded tester 10 may include one or more profocol generators 22.
Protocol generators 22 are configurable o specify protocols according 1o which test
patierns are driven from the test circuitry to the component circuitry. In more detail,
these protocol generators may target specific communications protocols. Protocol
generators 22 may be used to generate data to implement testing using one or more
of the following protocols: serial bus protocols, such as 120, SPI, Microwire ™,
JTAG, and UART, parallel bus protocols for, e.g., commodity memary components
and non-memory DDR devices; digital signal processing protocols involving FFTs
and FiRs; encryption/decryption engines and other codecs; and custom

components, which may be developed on a needed basis.

-13-
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In some implementations, the protocol generators are programmable to
generate custom {user-defined} protocols. In some implementations, the protocal
generalors are predefined, and implement one or mare of the protocols described
above. In operation, system coniroller 16 may receive program input from device
interface 14, select a protocol generator(s) based on that input, and receive data
identifying one or more protocols from the selected pattern generator. System
coniroller 16 may receive data identifying the protocol, pass data identifying the
protocol as-is to pattern controlier 24 {which modifies the pattern to comport with the
received protocol), or modify the protocol{s) prior to output to the pattern controller
and culput data for the modified protocol (o the pattern controlier (which modifies the
pattern to comport with the modified protocol}. The protocol may be modified in
accordance with the program input.

in some implementations, the embedded tester is protocol aware. For
example, the system controlier may output data to a DUT being tested by the
embedded tester to identify the communication protocol used by that device. The
appropriate protocol generator may be selected based on the device’s response. i
a protocol generator is not available for the protocol identified by the device, the
system controller may be programmed 1o operate as a protocal generation circuit o
generate the appropriate protocol. In some implementations, the FPGA (or other
logic) in which the embedded sysiem is configured may also be programmed with a
protocol generation circuil. An example profocol generation circuit that may be used

in the example embedded system is described in U.S. Patent No. 8,185,418, the

-14-
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contents of which are hereby incorporated by reference into this application as if set

forth herein in full.

During operation of the embedded system, there are numerous pin codes

available for use by the system controlier and/or patlern generators to develop test

patterns. Examples of such pin codes are displayed in Table 1 below:

Drive high Dirive low Expect high Expect low
Drive high, expect | Drive low, expect Drive and expect Dirive and expeact
low high high low
No change Toggle previous Do not drive or
code expect
Table 1

Along with pattern data, it is possible to dynamically change the execution steps by

including conditional elements. Possible operations for changing executlion steps

are listed in the Table 2 below:

Begin loop Begin counted loop | End loop Jump to vector
Begin repeat Begin repeat count | Halt None
Table 2

Regarding test execution, one way 1o speed pattern load-up is by “firm-

coding” user pattern data. In many FPGA families that implement internal block

memory, an FPGA designer may include a table that will pre-program the user RAM.

An FRGA-embedded embedded tester can take advantage of this by preloading final

test patierns when the FPGA configuration fiie is developed. 8o, not only is the

embedded tester ready o run, but also the full {est suile is available o execute when

-15-
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the test firmware is loaded. However, since the implementation is still in RAM, test
engineers can load new pattern sets o meet the needs of changing production
strategies.

in some implementations, the amount of internal memory available to
firmware applications can be limited. This, in turn, can restrict the amount of test
patterns that can be stored at one time within an embedded tester. However, if there
iz external memaory connected o the FPGA, the embedded tester can make use of
that memory {o siore one or more blocks of test patierns for later use.

in some implementations, the example embedded tester may include a
generic logic analyzer, which includes a graphical user interface and corresponding
underlying code. The generic logic analyzer enables any FPGA on the board (o
become a fast debug instrument for testing. Ancther utility may be implemented turn
a simple spreadsheet of pattemns into a deplovable test set.

Referring to Fig. 2, a process 200 is shown for testing a system {or any
appropriate device) using the example embedded {ester described herain.
According to process 200, if there is mission code for the system in an FPGA that is
targeted for use by an embedded tester, the mission code for the system is removed
(201} from the FPGA {or any other programmable logic) on the system. As indicated
above, the mission code is for causing the system to perform funclions other than
testing component circuitry of the system. Code stored in the FPGA may enable the

mission code o be over-written.

-16-
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The FPGA is programmed (202} with firmware o implement the example
ambedded {ester described harein. As indicated above, the example embeddead
tester implemented in the FPGA may include, but is not timited to, the foliowing
features: pattern generators to provide test patierns; protocol generators 1o provide
protocols according to which test patterns are driven from the test circuitry to the
component circuitry; a system controlier to select, in response {0 a program input, a
test pattern and a protoco! with which to test the component circuitry; and an output
controlier to {iy control driving of output to the component circuitry, where the output
is based on the selected pattern and the selected protocol, and (i} to receive a test
result from the component circuilry in response to the oulput,

According to process 200, the device, in this case the system, is lested (203)
using the embedded tester. Thereafter, the original mission code is loaded (204}
into the FPGAIn place of the embedded tester. Code stored in the FPGA may load
the mission code info the FPGA following testing or a processing device outside of
the FPGA may load the mission code into the FPGA following testing.

Referring now to Fig. 3, that figure shows an example of a system (test
systern 300) containing logic on which the embedded tester described herein may
be programmed. Fig. 3 shows an example system 300 for testing a unit under test
(LUTY UUT 301, Test system 300 includes a tester 302. To inferact with tester 302,
system 300 includes a computer system 305 that interfaces with tester 302 over a
network connection 306. Computer system 305 may be an external computer that

interacts with computational circuitry on the test instrument. Typically, computer
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systern 305 sends commands to tester 302 1o initiate execution of routings and
programs for testing UUT 301, Such execuling test programs may initiate the
generation and ransmission of test signals to the UUT 301 and collect responses
from the UUT. Various types of UlUTs may be tested by system 300. For example,
UUTs may be avionics, radar, weaponry, semiconductor devices, and s¢ forth.

To provide test signals and collect responses from the UUT, lester 302 is
connected, via an appropriate FPGA interface, 10 one or more connector ping or test
probes that provide an interface for the internal circuitry of UUT 301, For illustrative
purposes, in this example, device tester 302 is connecied {0 a connector pin of UUT
301 via a hardwire connection to deliver test signals (to the internal circuitry of UUT
301). Device tester 302 also senses signais at UUT 301 in response o the test
signals provided by device lester 302. For example, a voitage signal or a current
signal may be sensed at a UUT pin in response 1o a test signal. Such single port
tests may also be performed on other pins included in UUT 301, For example, tester
302 may provide test signals o other pins and collect associated signals refiected
back over conductors {that deliver the provided signals}. In some examples, by
collecting the reflected signals, the input impedance of the pins may be
characterized along with other single port testing quantities. In other test scenarios,
a digital signal may be sent to UUT 301 for storage on UUT 301. Once stored, UUT
301 may be accessed to reirieve and send the stored digital value to tester 302.
The reirieved digital value may then be identified to determine if the proper value

was stored on UUT 301,
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Along with performing one-port measurements, a two-port test may also be
performed by device tester 302. For example, a test signal may be injected to a pin
on UUT 301 and a response signal may be collected from one or mare other ping of
UUT 301. This response signal is provided o device tester 302 to determine
gquantities, such as gain response, phase response, and other throughput
measurement guantities.

The embedded tester described herein, or individual features thereof, herain
can be implementied, at least in part, via a computer program product, e.g., a
computer program tangibly embodied in one or more information carriers, e.g., in
one or more tangible, non-transitory machine-readable storage media, for execution
by, or to control the operation of, data processing apparaius, e.g., one or more
programmable processor, a computer, or multiple computers to program a logic
device.

A computer program can be writlen in any form of programming language,
including compiled or interpreted languages, and it can be deployed in any form,
including as a stand-alone program or as a module, component, subrouline, or other
unit suitable for use in a computing environment. A computer program can be
deployed (o be executed on one computer or on multiple computers at one site or
distributed across multiple sites and interconnected by a network.

Actions associated with implementing the embedded tester can be performed
by one or more programmable processors executing one or more computer

programs to perform the functions of the calibration process. All or part of the

-19.
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embedded tester can be implemented on special purpose logic circuitry, e.g., an
FPGA {field programmable gate array) and/or an ASIC {application-specific
integrated circuit).

Processors suitable for the execution of g computer program include, by way
of example, both general and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access siorage
area or both. Elements of a computer {(including a server) include one or more
processors for executing instructions and one or more storage area devices for
storing instructions and data. Generally, a computer will also include, or be
operatively coupled o receive datla from, or transfer data (o, or both, one or more
machine-readable storage media, such as mass storage devices Tor storing data,
e.g., magnetic, magneto-optical disks, or optical disks. Machine-readable storage
media suitable for embodying computer program instructions and data include all
forms of non-volatile storage area, including by way of example, semiconductor
storage area devices, e.g., EPROM, EEPROM, and fiash storage area devices;
magnetic disks, €.g., internal hard disks or removable disks; magneto-optical disks;
and CD-ROM and DVD-ROM disks.

Elements of different implemeniations described herein may be combined to
form other embodiments not specifically set forth above. Elements may be left out of

the structures described herein without adversely aflecting their operation.
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Furthermore, various separate elements may be combined into one or more
individual elements to perform the functions described herein.

Elements of different implemeniations described herein may be combined to
form other implementations not specifically set forth above. Other implementations
not specifically described heregin are also within the scope of the following claims.

What is claimed is:
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1. Atester on a device under test to test component circuitry of the device
under test, the tester comprising:
logic configured with firmware o implement test circuilry comprising:
protocol generators that are configurable o generate protocols;
pattern generators that are configurable o provide test patterns that
are drivable according to one or more of the protocols; and
a system controller to select, in response (o a program input, a test

pattern and a protocol with which to test the component circuitry.

2. The fester of claim 1, further comprising a patiem controller o (i) control
driving of output to the component circuilry, the oulput being based on the selected
pattern and the selected protocol, and (i) to receive a test result from the component

gircuitry in response to the oulput.

3. The tester of claim 1, wherein the system controller is configured to
receive the program input, o generate one or more commands according to the
program input, and o send the one or more commands to the pattern controller;

whergin the pattern conirolier is responsive {0 the one or more commands o

generate the output from the seiected patltern and the selected protocol.

4. The tester of claim 3, wherein the pattern controller comprises a vector

controlier that is configured to aller the selected pattern and the selected protocol.
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5. The tester of claim 3, further comprising:
a clock generator to provide clocking information;
wherein the system controiler is configured fo request and to recaive the
5 clocking information from the clock generator, and o affect edge placement of test

signals.

6. The tester of claim 5, wherein the system confrolier is configurable to
change the cdlocking information and to output the changed clocking information o

10 ong or more components of the tester.

7. The tester of claim 1, wherein the system controller is configurable to

generate a number of test ports for the tester.

15 8. The tester of claim 7, wherein the system controller is configurable to
generate the number of test ports by replicating test ports, including components

thereof, the number of timas.

8. The tester of claim 7, wherein each test port comprises:
20 a driver to drive the ouiput to the component circuitry,;

a receiver 1o receive the response; and
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a trigger detector to identify features of the response and o output a signal

following detecting of a feature.

10. The tester of claim 9, wherein each test port further comprises:
a port controlier responsive to the system controller to affect driving the oulput

from the driver.

11. The tester of claim 1, further comprising a pattern memory, the pattern
memory being configurable with information to control repetitions of patter vectors in

the output.

12. The tester of claim 1, wherein the logic comprises one of a field

programmable gate array (FPGA) or an application-specific integrated circuit (ASIC).

13. The tester of claim 1, wherein the system controlier is configurable to
detect a protocol of the DUT and to select the protocol corresponding to the protocol

of the DUT.

14, The iester of claim 1, wherein the device under test comprises
component circuilries that operate using different communication protocols; and
wherein the test circuitry is configurabie o test at least one of the component

gircuitries.
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15. The tester of claim 1, wherein the paitern generator is configured (o
provide previously generaled test veclors that can be applied as lester stimuli; or
wherein the patiern generator is configured o provide test vectors that are

generated dynamically.

16. The tester of claim 1, wherein the lester is embedded in the device under
test and is configurable to test mulliple circuit components of the device under test

using different protocols.

17. A method of configuring a tester on a device under test o test component
circuitry of the device under {est, the method comprising:
configuring logic with firmware to implement test circuitry comprising:
profocol generators that are configurable to generate protocols;
patiern generalors that are configurable (o provide test patterns that
are drivable according to one or more of the protocols; and
a system controller {0 select, in response o a program input, a test

pattern and a protocol with which to fest the component circuilry.

18. The method of claim 17, wherein the test circuitry comprises an output

controller to (i) control driving of output to the component circuitry, the oulput being
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based on the selecied pattern and the selected protocol, and {ii) to receive a test

result from the component circuilry in response to the oulput,

19. The method of claim 17, further comprising:
5 preventing mission code from being loaded into logic on the apparatus, the
mission code for causing the apparatus o perform functions other than test;
wherein configuring the logic comprises configuring the logic with the

firmwars.

10 20. One or more machine-readable media storing instructions that are
exacuiable to perform operations comprising:
configuring logic with firmware o implement test circuitry comprising:
protocol generators that are configurable to generate protocols;
pattern generators that are configurable o provide test patterns that
15 are drivable according o one or more of the protocols; and
a system controller (o select, in response o a program input, a test
pattern and a protocol with which to test the component circuilry;
wherein the test circultry is part of a tester that is on a device under
test, the tester for testing component circuiiry of the device under test.

20
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