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A Structure and Tmplementiation Method for implementing an embedded
serial daia test loopback, residing directly under the device nnder fest within a
printed cireuit board

BACKGROUND
RELATED APPLICATIONS

The present application is a non-provigional application of proviosnal application serial

number 62/043,570 filed on August 29, 2014 by Thomas P. Warwick and James V. Russall,

The present invention relates a structure and wethod for the automating testing of very
high speed serial data transmission devices (integrated cireuit) using the common fndustry practice
of loopback cucuitry. In particalar the present fnvention relales to a series of stroctures and
methods for placing commercially available components directly beneath the surface of o printed
cireuit board interfacing to a device under test by ssing micro-vias and traces to connect these
components mto a loopback civcuit with the shortest possible electrical length by using a coupling

CApUCciorn

2. The Related Prior At

Loopback circuits are available 1 a vartety of forms. The three most common loopback
circuits use a relay-capacitor cireuit, a resistor tap — capacitor circuit, an inductor tap ~- capacitor

cirouit (Thomas P, Warwick, R&D Circuits Vendor Presentation, Interpational Test Conference.
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Ausheimy, CA, September, 2012; Thomas P, Warwick, “Mitigating the Effects of The DUT
Interface board and Test System Parasitics in Gigabit-Plus Measurements”, International Test
Conference, Charlotte, NC, 2003). FIGS, 1-5 show the schematic implementation of the prior art

Sommon passive circuits used for serial loopback testing. Fach circuit type provides a series of
benefits and drawbacks regarding the types of tests that may be executed 1o an automated fest
enviromment.  Each circuit requives a series of vias and prigted circuit board real estate o
implement.  Of these, the relay circuits are physically the largest, and resistor tap ~ capacitor

circuits the smatlest

FIG. 13 5 & prior art illustration of a one-half cross section of the physical jmplementation
of the schematics in FIGS, 1-5 in prior art. The transmit electrical signal (Tx) starts from the
Device Under Test (DUT) {377 and rowtes trom the DUT Tx to the loopback circuis through the
via / backdrill structure {431, a connecting printed cirenit board frace, and the via / hackdsill
structure {411 1421 is the specific loopback structure, as shown schematically as either FIG, 1
or FIG. 5. The center component on the bottom of the Device Interface Board (DIB) [39] is th
critical coupling capacitor [5] or {6}, with the components to the Jeft and right being the tap

components: Resistors [71/[8] or [977 10} in FIG. 1 Indoctors {177/ 18] oc {191/ {20} in FIG.

The three most common loop back circoits use a relay-capacitor circuit, a resistor tap - capaciior
circuit, an inductor tap - capacitor circuit (Inventor Presentation, International Test Conference,
Anaheim, CA, September, 2012}, Each circuit type provides a series of benefits and drawbacks

regarding the types of tests that may be executed in an antornated test environment, Each circuit
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requires a series of vias aud prinfed civenit board real estate to implement.  Of these, the relay

circuits are physically the largest, and resistor tap - capacitor circuits the smallest.

The following problems ocour with the prior art proposals for loopback cireuits testing
data rate above 19 GBPS,

{1} Size and required mueber of foopback circuits: Most devices operating above 19 GBS
require 4 {0 400 very bigh speed foll loopback circuits with several lower speed loopback
circuits, which requive the same amount of printed circuit board real estate.

(2) Difficulty with long wansmission paths to the loopback circuits: The most common test

strategies for loopback requive that the loopback circuitry be as close as possible 1o the

R

transmitlers and receivers. ey with the smallest possible loopback circuit, this length

becomes lurge when o large number of loopback circuits are required. Long lengths may vesult
it the required use of FIR taps to compensate for the line length. This Himits the type of testing
and determination of roargins that can be done at speed.

The critical concern with any loopback stractiwe (passive, such as FIGS. 1-5 or active, which
use relays) is Us jitter contribution. Physical structures and components, especially as data
rates increase, result in impedance discontinuities, which, in twn, can cause undesired
measurement jitter, when combined with other non-ideal struchwes (e.g. socket) associated
with the test setup. Two gating factors determine undesired jitter: (1) the number of
discontinuities and (2) the distance / electrical length between the discontinuities. Simply the
spacing allows the reflected energy from a discontinuity to bounce back and forth — thus

causing jitter — without being fully dissipated. Any time the time delay associated with the

electrical length between discontinuities exceeds 3/8 — 172 of the prmary period, unwanted
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jitter may cceur. At 28GBs, this distance 18 4.4 10 5 9omm (Dk=3.27). All the prior art methods

described exceed 3/8-1/2 of the period resulting in jitter and electrical discontinuitics.

{33 Spacing constraints on ATH-oriented printed civevit boards:  Most production oriented
solations regquire multi-site testing of 2x to 4x devices at the same time. The physical size
of the toopback circuits and the length matching requived of the routes reduce available

printed cireuit board real estate in critical regions.

(4y Use of a large number of mismatched structures, such as back-drilled vias: Any via
stracture causes i level of impedance mismatch that cannot be compensated by under-sampling
FIR filter taps, especially in test. FIR filters provide a common method of compensating for
transmission path {oss.) A typieal loopback circuit adds a minimum of two additional vias in
the primnary loopback path. Controlled depth back-drilled vias or a like structure ave ahsolutely
required to remove excess metal stubs, which create very large electrical energy reflections
and thus jitter. Manufacturing repeatability and the need for good inlevconnect reliability limit
the electrical quality of these back-drilled viss, and they are of paramount concern for serial

links operating above 14Gbps. Each loopback path requires 8 such bhack-drifled vias.

{3} Required use of expensive, exotic materials to reduce trace losses: Expensive high-speed
materials must be wsed to compensate for 1ssue 2. It would be desivable to provide loop back
circuit structures and methods that avoid these problems of the aforementioned prior at

propaosals.
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SUMMARY OF INVENTION

The present tnvention provides for a structire and methodology that reduces jitter and
electrical discontinuities. The present invention has a number of embodiments and possible

methods:

Hrbodiments:

b, Embedded loopback cireniiry integrated into a device interface (prined circuit) board
(B},

2. Embedded foopback circutiry integrated into an interposer. which is physically detachable

from the fore-mentioned DIB, This allows refrofilning the loop back circuiny of the present

invention fo existing DIR s

Methaods:
f. Single faver emnbedding for large pitch (0.65mm or farger)
2. Muitipie layer embedding for fine pitch (0.5mm and 0.4mmm).
3. Muldti-axis (vertical and hovizontal) embedding for the finest pitch (0.4mm, .35mm and
0.3mm) and for higher performance.
This present invention provides a series of structures and methods for placing commercially
available components directly beneath the surface of a printed circuit board interfacing to a device

under test. The present tnvention specifically moves common passive test civewitry (See FIGS. 1-
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5 for scherpatics) from the outer surtace of a device nterface board (DIB)Y [42] in FIG.13) o a
iocation embedded inside the device interface board (DR) just beneath the Device Under Test or
DUT (See FIG 14). An alternative implementation embeds the common civcuitry in an interposer
or daughtor card just beueath the Device Under Test (See FIG. 15), which gives the benefit of
retrofitting the approach to existing Device Interface Board bardware.  The present invention uses
micro-vias and {races to connect these components into a loopback circuit with the shortest
possible electrical length using a coupling capacitor 1o the printed circnit board structure while
using an external coupling capacitor. FIGS. 11 and 12 show the performance improvement @
A0Ghps between Prior Ast and the present invention, both use the schematic in FIG. L.

FIGE. 6-9 show onc-halt cross-sectional views for different tuplersentations of the
embedded loopback circuit, They specifically use the higher component schematics, as shown in

i

FIG. Eand FEG. 5. FIG, 6 and 7 pictorially describe implersentation. In a first method of the present

p
L

invention, all loopback components reside in the same plane (large piteh implementation). FIG. 8

pictorially describes inplementation of a second method, where all Toopback components reside
1 mudtiple planes (fine pitch implementation). FIG. 9 pictorially describes implementation of a

third method where all foopback components reside in both vertical and horizontal orlentations

(finest pitch and highest performing implementation).

FIG. 1615 atop-down layout view and is eritical to understanding the short distance
benefit of the present invention, While FIG.13 shows that the loopback circuiiry of the
prior art proposals must be mounted away from the device pnder test creating a long

transmission path, FIG. 16 shows that the fransmission path of the present invention can be
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within 141 multiplied by the straight line distance between Tx and Rx device pin locations

thus reducing jitter and electrical discontinmities.

BRIFF DESCRIPTION OF DRAWINGS

FIGS 1-5 show prior art Toop back circuitry proposals in which:
FIG, § is a diagram for a resistive tap embedded loopback circuit for test of the serial data

{ink of a commonly implemented loopback schematic w the electronics industry today,

FIG:2 shows a resistive tap embedded loopback circuit with an tmpedance niaiching and

resistor {117 and 1121, (Ref. Warwick, ITC 20120 which the dashed boxed arcas

i1
ol 1

atteriatin

represents the Tx [, 121 and Rx 3], [4] terminals of the Device Under Test.;

FIG. 3 is for a capacitively coupled embedded loopback circuit, it is a simplified version

1 in which the dashed boxed areas represents the Tx [ [21 and Rx {31, {4] terminals of the
Device Under Test and does nat allow DC or low frequency testing of the serial port;

FIG. 4 is for a capacitively coupled embedided Joopback circuit with ap attenuating resistor,
the
dashed boxed areas represents the Tx {1, {21 and Rx {31, [4] terminals of the Device Under Test,

it is a simaplified version of FIG, 2;
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FIG. § is for an inductive tap embedded foopback cirouit Por passive circuits below
10CHhps, 10

which the dashed boxed arcas represents the T {1 [2] and Rx [3], [4] terminals of the Device

Under Test:

FIG. 6 19 a ficst embodiment of the present invention for an embedded loopback etrcwit in a
sectional view (1/2) wherein all components are co-planar and tap resistors [7-10] and tap

indoctors {17-20] may be interchanged and the tap inductors reguiire aly core cavily;

FIG. 7 15 a variation of the emibodiment of FIG 6 in which the components are coplanar ion for an

embedded loopback circuit in a sectional view (1/2);

FIG. 8 i a third embodiment providing for finer pitch wherein the embedded components (use
two layers to allow for fine pitch implementation 1n a cross-sectional view (1/2)1ap resistors {7~

107 and tap indoctors {17-20] may be interchanged (e.g. FIG. 5)  and tap inductors require air core

cavity;

FIG. 9 is a fourth embodiment of the present lnvention for an embedded loopback circuit
employing multiple layvers e g layers (o allow for fine piich nnplementation, tap components are
oriented vertically, tap resistors [7-101 and tap indactors {17-201 way be iterchanged and tap

wnductors requice air core cavitys

FIG. 10 is a fifth embodiment of the present invention for an embedded loopback cireuit providing

for even finer pitch than the embodiment of FIG 9 in a thicker printed cireuit board;
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FIG. T shows the data eye opening @ 40Ghps using the best possible implementation of prior
arl;

FIG. 12 shows the data eye opening @ 40Ghps using the Method 1 fmplementation of this present

invenion;

FIG. 13 a “prior art” method for ioplernenting the schernatics i FIGS. 1.8 for serial data loopback

testing:
FIG. 14 shows an integrated embedded loopback cireuitry for implementing the schematics in

FIGS.-5:

FIG. 1S shows a detachable embedded loopback civcuitry for implementing the schematics 1o

FIGR.1-5; and

FIG.16 shows a top view of the embedded component loopback circuit using the schematic in

FHG. 1 and the first method for large pitches in FIGS. 6 and 7

DETAILED DESCRIPTION OF THE PREVERRED

EMBODIMENTS

Referring to the FIGS. of the drawings, all the FIGS. use the following element nambers:
Transmit P Connection to the Device Under Test element |

Transmit N Connection to the Device Under Test element 2

Receive I* Conuection 1o the Device Under Test element 3

Receive N Connection to the Device Under Test element 4
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Coupling Capacitor for Differential P side of the Loopback (primary path) element 5
Coupling Capacitor for Differential N side of the Loopback (primary path) element 6

>

Measure / Tap Resistor for Transmit P element 7

Measure / Tap Resistor for Receive P element 8
Measure / Tap Resistor for Transmit N eleraent 9
Measure / Tap Resistor for Receive N elervent 10
Attenuating Resistor for the Primary path, P side of the loophuck elersent 1
Attenuating Resistor for the Primary path, N side of the loopback element 12
Test equiprment connection for measarements on Transmit P element 13

Test equipment connection for measurements on Transout N element 14

Test equipment conpection for measurements on Receive P elementi

Measure / Tap Inductor for Transmit P element!7

Measure / Tap Inductor for Receive P element!8

Measure / Tap Inductor for Transmit N elermnent 19

Measure / Tap Inductor for Receive N element 20

Connecting Trace: Capacitor 8/6 may be at the transmit end, in the middle of trace 21, or
at the receive end (as shown) element 21

Upper ground plane for impedance control of trace 21 element 22

Lower ground plane for impedunce control of trace 21 element 23

Connecting micro-trace for Recelve tap resistor or inductor element 24
Conpecting micro-trace for Transmit tap resistor or indoctor element 23

Connecting via from foopback circuit to the device under test pad for Tranamit element 26

10
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Connecting via from loopback cirenit to the device under test pad for Receive element 27

Micro-vig connecting the receive tap component (o trace 24 element 28

Micro-via connecting the yeceive tap component 1o trace 25 elernent 29

Micro-via or via commecting trace 24 to outside connections —~whether external or yuternal
(15/16) element 30

Micro-via or via connecting trace 25 to outside connections —whether external or internal
{13/14) element 31

Non-conductive dielectric waterial containing the layer of embedded components, This
faver helps to controls the impedance of trace 21 elerent 32,

Thin non-conductive dielectric laver for isolating trace 24 from the tap component. This
layer helps to control the impedance of trace 21 element 33

Thin non-conductive diclectrie fayer for isolating trace 24 from external connections to the
structure element 34,

Thin non-conductive dielectric layer for isolating the component layer from esternal
connections to the structure element 33,

Second non-conductive dielectric layer for housing the embedded tap resistors element
36, Example Device Under Test (DUT) with a senal data link. Blement 37. For Hxplanation
purposes, the device under test is shown in a “Ball Grid Array™ (BGA) package. The device
under test, shown as an integrated circuit package, may also be inwafer / die form. The exact
form is peripheral to the disclosure and the methods described apply to any test forum
including, bat not timited to, wafer probing, tinal package test, burn-in, and characterization.

Exanple electrical imterface and mechanical clarping mechanism (socket or probe head)

retarning the DUT to the interface board between the DUT and the test equipment using for

11
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measuring DUT characteriatics and functionality elersent 38, 1o the simplest form this 5 a
solder interface. The socket or probe head is shown for explanation purposes and is peripheral
to the disclosure.

Example "Device Interface Board™ (DIB), which electrically connects the DUT 1o test
equipment element 39, Other common names include, but are not limited to. “Loadboard™,
“Performance Board”, “Personality Roard™, “Probe Card”, "Family Board”, “"Mother Board”,
“Dauvghter Card”. To nealy all cases the DIB is constructed asing printed circuit board
fubrication and assembly methods, In FIG. 13, itemn 39 represents a “Prior Art” DIB. In FIG.
14, item 39 shows the embedded toopback circuilry coutained within the DIB. In FIG. 15,
item 39 dees not include the embedded loopback circuitry, as it is separately contained in an
interposer / daughter card.

Electrical connections roating in the DB that connect the DC / fow frequency portion of
the test circult to the associated test equipment. In FIGS. 1, 2, and $-10, these represent noted

ftems [13], (141, {151 and {16] elewnent 40.

High performance interface vias for the high freguency path and interface to the coupling
capacitors [5] and {61 in FYGS, §-5 element 41, These vias require a controlled depth back-

drill to remove conductive metal stubs that will nterfere with the circuit performance. The
quality of this back-drill directly influences jitter pecformance. This itein is specific to prior
art and is shown for comparison purposes.

Location of the loopback circnit (FIGS. 1-5) for prior art element 42, Complex mechanical

interfaces reguived for automated wafer probe test and automated package test physically force

the loopback circuit tocation to be some distance away from the device under test. Typical

12
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distances range from 37 to 57, with 27 for a device of moderate complexity being the best

é

possible tocation. This item is specific 1o priov art and is shown for comparison purposes.

~

nterface vias for the high frequency path that allow an escape from the

-

High performance
via field created by the device under test interface element 43, These vias require a controlied
depth back-drill to remove conductive metal stubs that will interfere with the circust
performance. The quality of this back-drill directly influcnees jitter performance. This ttem
is spectfic to prior art and 18 shown for comparison purposes.

An interposer or daughter card containing the embedded foopback civcuit element 44, The
interposer may use any of the three described embedded foopback methods or associated
schematics. The mterposer approach allows the embedded loopback 1o be retrofitted to a DIB
that does not currently use embedded loopback (including a DB desceibed in FIG, 13}, This
allows a low cost upgrade path for existing DIB’s / prior art. It also has test benefit in
characterization, where an end user may also desire 1o connect the device to a mission mode
test evaluation.

Aninterface mechanism of the interposer 1o the DIB element 45, The interface mechanism
may use - but is not Hmited to - a solder method, a sintering paste method, an electrically
conductive elastomer, or a metal spring contact probe.

(FIG. 16) Pad and micro-via connecting the Device Under Test (DUT) Tx teemiinals to the
Tx tap component (t.c.. resistor {71, {9} in FHG. 1), The pads and vias are schematically
represented in FIG. Tnodes [1] and {21 element 46.

(FI1G. 16) Pad and micro-via connecting the Device Under Test (DUT) Rx terminals to the

Rx tap component (e.g. resistor [8], [10] in FIG. D and in this case the coupling capacitors 5]

13
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and §6] element 47, The pads and vias are schematically represented in FIG. 1, nodes {3] and
{41 clement 47.

(FIG. 16) The inferconnect traces from the TK pucro-vias [T {21 (o the coupling capacitors
{51, {61 In this layout, the coupling capacitors are located at one end of the interconnect trace,
This is not a requirement of this disclosure, and the capacitors may be located anywhere on
this mterconnect trace Element 48

(FH3. 16) The straight hoe distance between the TX nucro-vias and the Rx micro-vias
element 49, Thiy represents the theoretical shortest loopback trace length.  Practical
considerations ~ mainfy other Device Under Test interconnect points and associated vias -
most often prevent the straight Hne distance from being used.  However, the requirersent to
route electrical connections only increased the length by a multiple of 1.41 over the straight
fine distance.

{FIG. 16) Micro-via connections to the tap components for Rx DC and low frequency

measurements clement 30, These are represented schematically by nodes [15], [16] in FIG.

.,
B
Y

G,

10) Micro-via connections to the tap components for Tx DO and fow frequency

i L

measurements element 51, These are representad schematically by nedes {131, [14] in FIG. L

Referring now to FIGS 6 and 7 of the drawings, the first structure places all components on a
single embedded layer in the printed circuit board., This implementation is for pin grid arrays
0.65mm and greater. The left top of the FIG 6 shows an interface pad [1/2] for the Transmit sigoal
from the device under test. The device under test connects to this pad through a high speed

interface method, which is very important but peripheral to this disclosure. Via (micro-via) [26]

14
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connects the pad to the tap component [ 7/8], shown as a resistor. 1 may be an mductor [17/191.
tse of an indactor requires a u-shaped cap to create an air cavity. The tap component [7/8] routes
o micro-via 129] and then cobnects (o traces or gireuitry through trace 1257 and via {31 This

completes the tap for the transmit side,

Trace 21 is the primary {oopback path and connects via {26] and the terminal of component
{7481 1o the primsary coupling capacitor [5/6]. The capactior [5/6] then compietes the loopback
path by connecting to via {271 and the receive interface pad {3/4]. FIGS. 6 and 7 show the primavy
coupling capaciior located under the recetve pad [3/4} and via [27]. The primary coupling
capacitor may also be located under the transmit pad [1/2] and via {26] or it may be in the mwiddle

of the primary loopback trace [21].

The tap on the receive side shows the tap component [9/10] shown as a resistor connecting
direcily under Via (micro-via) {271, It may be an inductor [18/20]. Use of an inductor requires a
u-shaped cap to create an air cavity. The tap component [9/10] routes to miicrs-via [28] and the
connects 1o traces or circuitry through trace {241 and via [30]. This completes the tap for the

receive side.

The focation of the tap components do not have to be located at vias {26, 271 1t is more
desirable for the tap components to be placed divectly next to the terminals of the primary coupling
capacitor. However, this 1s only possible with devices having a pin grid array pitch of tmm or

larger.

15
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The second tmplementation for an embedded sevial toopback structare shown in FRGL &
ases two component fayers and places the tap components on a layer below the primary loopback
path, This creates a thicker embedded structure but results 1n a smaller X-Y foorprint. FIG. R
allows embedded loopback at fine puch grid arrays (0.5nun and below) due o the smaller X-Y

footprint,

The third implementation for an embedded sertal loopback structure (see FIG. 9) uses two
component layers and places the tap components on a layer below the primary loopback path. In
this case, the tap component (e.g. a resistor) is vofated for a vertical orfentation. This creates a
thicker embedded structure bl vesults in a smalfer X-Y footprint. The vertical component also

reduces parasitic connections associated with the micro-vias {29/28] and connecting trace {25/24]

in FIGS. 6-8. FIG. 9 also allows embedded loopback for fine piich grid arrays (0.5mm and below).

Al the figures of the drawings show an alignment of via {31/ 30} and via {26 /27]. This
is not a reqoirement of the structure when the structure is fully integrated into a larger printed
cirenit board (FIG. 1), It is a critical part of the structure when the loopback structure s
independently used as a danghicr card or refrofitted 10 an existing printed cireuit board.

FIG. 6 is a first erobodiment of the present invention for a an embedded foopback clrcuit in a cross-
sectional view (1/2) whercin all components are co-planar aund tap vesistors [7-10] and tap
inductors {17-20] may be interchanged and the tap inductors require air core cavity. (FIG. 1 is used
as an example. Any of the § passive topologies may be used 1n a cross-sectional view (1/2) of the

schematic. In this method all components are co-planar, Tap resistors [7-101 and fap inductors

16
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[17-201 may be interchanged (e.g. FIG. 5). Tap inductors require air core cavity, The key {eature
of this topology is that the clectrical fength depends solely on the pin assignment of the integrated
cireutt yoader test, In most cases the foopback path will be less than ddmm — the oriteria discussed

11y prioy ari;

FIG. 7 is a variation of the embodiment of FIG 6 in which the components are coplanar
ions for an embedded loopback cirowit 1n a cross-sectional view (1/20 (FIG. 1 s used as an
exampleywherein all components are co-planar, tap resistors {7-10] and tap inductors [17-20] (e.g.
FIG. 3) may be interchanged, tap indoctors require air cove cavity and trace 21 1s shown being
centered on the component ferminals. Like FIG. 6, this implementation will be less than the 4.4

N oriteriag

FIG. 8 is a third embodiment providing for finer pitch wherein the embedded components
use two layers to allow for fine pitch implermentation in a cross-sectional view (1/2). Tap resistors
[7-107 and tap inductors [17-20] may be interchanged (e.g. FIG. §) and tap inductors require an air
core cavity. The second method does not have a specific performance benefit over the first method.
However, it allows implementation in a finer pitch of integrated civeuit. Like the first method, the
loopback clectrical length depends on the integrated circol! pin assigrinent. In most cases, it 18

less than the 4 dmm eriteria for 28 GRPS.

FIG. 9 is a fourth embodiment of the present invention for an embedded loopback circuit

employing multiple lavers e.g. fayers to allow for fine pitch implementation, tap components are

oriented vertically, tap resistors {7-10} and tap inductors [17-20] may be interchanged and tap

17
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inductors require air core cavity Method 3 has a perforroance benefit over Method 1 and 2 by
reducing the reguirements for micro-vias, It allows implementation in a finer pitch of integrated

cireuit, Like the first method. the loopback electrical length depends on the integraied etrowit pin

assigrment. In most Cases, iLis less than the 4.4 eriteria for 28 GBPS.
F1G. 10 15 a fourth erabodiment of the present invention for an embedded loopback circuit

providing for even finer pitch than the ershodiment of FIG 9 1n a thicker printed circuit board.
FIG, 11 This shows the date eye opeming @ 40Gbps using the best possible

implementation of prior art. {The data eye is for determining the quality and degradation o a serial

data link. It s an oscilloscope capture that partitions and overlays cach clock period.) The

et Coye height” [A] for the prior art implerentation is 26% of the mital amplunde. The
maxirnum “eye width™ is 76% (or 0.76U1) of the period.) FIG. 11 uses the schematic shown in

FIG. 1. 1t also assumes a comwpon set of non-ideal parasitic parameters associated with the

integrated cireuit Tx output and the Rx input.

FIG.12: This shows the data eye opening @ 40Gbps using the Method U implementation
of this disclosure. The maximum “eye height” [A] for the prior art implementation is 71% of the
inttial amplitude. The maximum “eye width” 1s 91% (or 0.91UI) of the period.) When compared
10 FIG, 11 the cye opening improves by a wultiple factor of 2.73 and the eye width ymproves by
multiple factors 1.2, FIG.12 uses the schematic shown in FIGULL T also assumes the same common
set of non-ideal parasitic parameters associated with the integrated circuit Tx output and the Rx

tnput used in FIG.

18
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E3]

FIC 13: This shows “peior art” method for implementing the schematics in PIGS.1-5 for
serial data toopback testing. Electrical signals originate {rom the Tx pins of the Device Under Test
(DUT) 13771 and travel to the test cireuitry {421 through the DUT tnterface {387 (solder, socket or
probe head) and left via Mackdrill structure 431, a pe board trace, and left via /backdrill structore
{41]. The center component o {42] represeuts the critical coupling capacitor, and the left and right
components provide the tap element (resistor or inducior), which allows low frequency testing of
the serial fink. {40} represents the pe board frace connecting the tap components o the test
equipment. The high speed signal returns to the Rx pin of the DUT {37} through the right via
fbackdritl structure {411, a pe board trace, left via /backdrill stracture [43], and the DUT interface

{381 (solder, socket or probe head).

FIG.14: This shows integrated embedded loopback circuitry for implementing the
schematics i FIGS 1-5. Depending on pitch requireinents, this wmay use one of three
implementation methods, as deseribed fn FIGS 6.9, Electrical signals originate from the Tx pins
of the Device Under Test (DUT) {371 and traved 1o the st circuitey directly under the DUT through
the DUT interface [38] (solder, socket or probe head) and left micro-via. A very short po board
trace existe in the test circuitry that connects the Tx signal path to the left terminal of the coupling
capacitor. The right terminal of the coupling capacitor connects to a second micro-via, which
sefurns the signal to the Ry pin of the DUT, through the clectrical futerface {38]. [40] represents
the pe board trace connecting the tap components to the {est equipment. The tap component
terminals use a micro-via conpecting to a regular (vet blind) via to connect to the low frequency

test equipment interface. In the high freguency path there are only 4 micro-vias of extremely shovt

tength ~ vs, the 8 via / back drill structures used in priov art. When the loopback short trace can
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be a direct straight-linie connection between 'Tx and Rx pins, it is the shortest possible connection
between the two DUT pins. While this is usually not possible, the short connection s often very

close to the theoretical straight line distance.

FIGLES: This shows a detachable embedded loopback circuitry for impleroenting the
schematics in FIGS.1-5.  Depending on pitch requirements, thus may use one of three
fmplementation methods, as deseribed in FIGS.6-9. The detachable method offers the bevelit of
retrofitting embedded loopback circuitry.  Electrical signals originate fromw the Tx pins of the

Device Under Test (DUT) {371 and wravel 1o the

@
&

st circuiiry divectly under the DUT through the
DUT interface {38] (solder, socket or probe head) and left micro-via. A very short pe board trace
exists i the test circuitry that connects the Tx signal path to the left terminal of the coupling
capacitor. The right terminal of the coupling capacitor connects o a second micro-via, which
returns the signal to the Rx pin of the DUT, through the electrical interface {38]. All of this resides
in a detachablc printed cireuit board {44}, commonly referved to as an “interpose™, “danghter card”,
or “personality board”. [45] represents the clectrical interface between the interposer and the
device interface board (DIB).  [40] represents the pe board trace connecting the tap components
to the test equipment. The tap component terminals use 4 micro-via connecting to a blind-via and
then routing out of the interposer {44} through the interface {451 and into a regular via i the DIB
{391 for the low freguency tost equipment connection [401. The high specd benefits — Le. reduction

of via structures and printed cireuit board trace length — are the same in FHGULS as they are in 14,

FYG. 16: This shows a top view of the embedded component loopback circuit using the

schematic in FIG, 1 and the Method (1) for large pitches in FIGS. 6 and 7. Tt shows two embedded
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foopback circuits in their entivety. Only the left cireutt is label, allowing more visual clarity on the
i ) J g

right circnit, (This layout is taken from an actual implementation.) The Tx differential signal

sropagates from the Device Under Test (DUT) to the micro-vias [40] (Micro-via 26 1w FIGS, 6/7).

-

The signal travels through the high speed trace 1481 1o the coupling capacitors {81 [6]. The signal
then returns to the DUT, after AQ coupling, through the micro-vias {47}, which cowespond to
schematic nodes [4], {6} in FIG. T (Micro-via 26 in FIGS, 6/7). The Tx tap components {71, [9]
connect to the DO/ low freguency test equipment through the micro-vias [51] (Micro-via {29] in
FIGS. 6/7) and schematic nodes {13, 14} in FIG. 1L The Rx tap comaponents {8}, 110] connect to
the DC / low frequency test equipment through the micro-vias {507 (Micro-via {28} in FIGS. 6/7)
and schematic nodes [15], [16] 1o FIG. 1. The remainder of the escape structares for Tx and Rx

fow frequency test and conunecting to the {est equipment are physically beneath this structure

Dashed line {491 shows the straight line distunce between the Tx and Rx ports. U represents the
theoretical shortest distance lmit belween T and Rx for a given istegrated circuit device. The
unconnected, unlabeled pads on grid represent other signals requiring vias. They wnterfere with

the straight Hoe path and require the physical bigh speed path o ronte around them. This increases

the signal path distance. 1o a new maxiroum hmit of 14121 (square oot of 2) multplied by the

straight line distance.

While certain embodiments have been shown and deseribed, it 15 distinetly understood that
the invention is not limited thereto but may be otherwise embodied within the scope of the

appended claims.
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3

What is clatmed:

foA struchwre Tor placing components directly beneath a surface of a printed cirenit board

interfacing to a device under test comprising:

micro-vias and traces counecting components ncliding ransmitter components (TX) and
receiver components {(RX) are formed into a loopback circuit for connection o a device under test
{(DUT) sad connecting being accomplished by a coupling capacitor with a shortest possibie
clectrical length approximating a straight line between said components and said distance 15 a
length of swid short straight line times a square root of 2 so that said receiver components are

beneath the DUT.

2. The structures according (o claim? wherein the receiver bas tap components that are
hencath and connected to the DUT through the micro~vias and schematic nodes and a
remainder of escape structures for Tx and Rx low frequency test and connecting to the DUT are
physically beneath the structure with said straight line distance between the Tx and Rx ports, said
straight fine distance representing a shoriest distance lmit between Tx and Ry for a given
integrated cireuit device increasing » signal path distance, 10 a new maximum limit of 14121

{square voot of 2) multiplied by said straight line distance.

3. The stracture according to claimi whereby passive commercially available components
are placed within the interior of a printed circuit board {embedded) in such a way as to form 4 high

performance loopback path for purposes of testing serial data paths within an integrated circuit,

4. The structure according to Claim ¥ where by all loopback components are co-planar.
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5. The structure according to Claim | where by all loopback components use multiple plavar
layers.

6. The structure according to Claim | where by loopback components use both horizontal and

vertical orrentations for loopback componenis.

. The strocture according to Claire 1 that uses resistive or inductive tap components with

capacitive coupling for the primary loopback path.

The strecture according to Claim 1 that uses a hybrid pi attenuation filter with capacitive
coupling tor the primary Joopback path.
9. The structure according to Claim | that only uses capacitive coupling for the primary loopback
path,
1. The structure according to Claim I that uses an atr-core cavity for all inductors.
t1.  The structure according to Claime 1 that uses two terminal, surface mount resistors,
inductors, or capacitors of any size, tolerance or femperature coefficient.
12, The structare according to Claim 1 that provides the shortest possible external loopback
path with capacitive coupling.
13, The structire according to Clairn 1 that may be a stand-alone printed civenit board /
interposer { danghter card.
i4.  The structure according to Claim 1 that may be fully infegrated into a much thicker and
larger printed circnit hoaed.
15, The structure according to Clairo 1 and Claim 11 that may be retrofitied to an existing printed
cirenit board using any interconpect technology.
16. The structure according to Claim | that does not occupy X-Y on the printed circuit board by

placing all crrenitry under the device under test.
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i7. A method for placing components directly beneath o surfuce of a printed cirenit board

interfacing to a device under test, the steps comprising:

using mwicro-vias and traces with components including transmitter components (TX) and
receiver components (RX) formed into a foopback circuit for connecting to a device under test
(DUT),

said connecting step  being accomplished by a coupling capacitor with a shoriest possible
electrical length approximating a straight Hine between said components and satd DUT and said
distance is a length of said short straight line times a square root of 2 so that said recetver
components are beneath the DUT.
The method according to claivn 17 wherein a single tayer erbedding is provided for large prtch.
The method according to claim 18 wherein said pitch is 0.05mm or larger.
The method according to claim 17 wherein mudtiple layers of embedding s provided for fine
pitch.

. The method according {o claim 19 wherein said pitch is either 0.5mm or O.dmm.

22, The method according to claim {7 wherein a multi-axis, vertical and horizontal, erabedding is

provided for the finest pitch
The method according to claim 22 wherein said pitch is G.dmm, 0.35mm and 0.3min for higher

performance.
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