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Abstract

A CMOS integrated circuit test chip (Latch-Up and Radiation
Integrated Circuit =-- LURIC) designed for CMOS latch-up and
radiation effects ressarch is described in this report. The
purpose of LURIC is (a) to provide information on the physics
of CMOS latch-up, (b} to study the layout dependence of CMOS
latch-up, and (c) to provide special latch-up test structures
for the development and verification of a latch-up model. Many
devices and test patterns on LURIC are also well suited for
radiation effects studies. LURIC contains 86 devices and
related test structures. A l2-layer mask set allows both metal
gate CMOS and siliccn gate ELA (Extended Linear Array) CMOS to
be fabricated. Six categories of test devices and related test
structures are included. These are (a) the CD4007 metal gate
CMOS IC with auxiliary test structures, (b) ELA CMOS cells,

{(c) field-aided lateral pnp transistors, (4) p-well and substrate
spreading resistance test structures, {e) latch-up test struc-
tures (simplified symmetrical latch-up paths), and (f) support
test patterns (e.g., MOS capacitors, p*n diodes, MOS test
transistors, van der Pauw and Xelvin contact resistance test
patterns, etc.). A standard probe pattern array has been used
on all twenty-four subchips for testing convenience.
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SECTION I - INTRODUCTION

Latch~-up (four-layer pnpn turn-on) has been known to
pressent a potential problem in many integrated circuits.
Junction-isolated CMOS integrated circuits are especilally
susceptible to latch-up. In order to develop and svaluate
metiiods and processes for the control of latch-up, it is
necessary to understand the physics of latch-up and to have
models for the latch-up phenomena.

This report describes an integrated circuit test chip
(Latch~-Up and Radiation Integrated Circuit - LURIC) designed
for CMOS latch-up and radiation effects research. This research
was begun at Stanford University in 1977 with the overall goal
of developing a general algorithm which can be applied to the
prediction of the latch-up threshold for a specified CMOS layout
and process. In addition, this algorithm can bes used to evaluate
methods for latch~up prevention.

The development of latch-up path models, and a threshold
prediction algorithm, requires a considerable amount of empirical
data for isolating the principal parameters involved in latch-up.
For example, test structures are needed to obtain data on the
influence of layout and impurity profiles upon latch-up. Also,
special latch-up test vehicles are required to verify the model.
The test chip described in this report was designed to fulfill
this need.

Section II discusses the need for special test structures
for latch-up research and presents the general philosophy used
in designing the test chip. The test devices and related
structures are described in Section III of this report. Table
II may be considered the principal listing and description of
the test devices. Finally, Section IV is a summary.



SECTION II - LATCH-UP TEST STRUCTURES

Figure 1 is a cross-sectional view of a typical cCMOS
integrated circuit. The electrical connections shown are for
the standard CMOS inverter. Both a parasitic vertical npn
transistor and a parasitic lateral pnp transistor are shown in
Figure 1. The presence of these two parasitic transistors
allows a latch=-up, or regenerative, state to occur. Arrows
indicate the lateral current paths which establish the voltage
drops required to forward~bias the emitter-base junctions of
these parasitic transistors. The physics of the latch-up
process have been considered elsewhere {1, 2, 3].

Latch-up in CMOS integrated circuits is strongly dependent
upon the substrate and p-well resistivities and geometrical
layout [3]. It is convenient to consider these process and
geometrical dependencies in terms of (a) the lateral resistances
presented to both the substrate and p-well current paths, and
(b) the current gains of the parasitic bipolar transistors.

The lateral resistances depend upon the substrate impurity
concentration and the p-well impurity profile., Furthermore,
the geometrical shape of the p-well and ohmic contact locations,
along with the position of any diffused channel stops (i.e.,
guardbands), also play a role in determining these two resistance
components. The magnitudes of the lateral substrate and p-well
resistances essentially set the latch-up holding current
necessary to sustain latch-up and influence the required current
gain (Bn . Bp) product to initiate latch-up [4]. Determination
of the substrate and p-well resistances can be quite difficult,
A straightforward analysis is complicated because (a) the guard-
bands and source/drain diffused regions often are neither parallel
or perpendicular to the latch-up path current flow, (b) the
latch-up current flow is generally not laminar, and (c) the
contact resistance can enter into the total path resistance.



In CMOS structures both a vertical npn and lateral pnp
transistor form the pnpn latch-up path. The current gains of
these transistors not only depend upon geometrical layout, and
the base and emitter impurity profiles [5), but also on cperating
current density and minority carrier lifetime. 1In addition, the
current gain of the lateral pnp transistor can be enhanced by
two current-induced effects arising from the CMOS layout [6].
First, lateral current flow in the substrate, causing the lateral
pnp to turn-on, forward biases the pnp emitter~-base junction in
such a way that the minority carrier injection occurs principally
at the edge nearest the collector (in this case the p-well).

This reduces the downward vertical injection of the pnp, which
increases the emitter efficiency of the lateral pnp transistor.
Second, an electric field is induced by the current flow across
the base region which aids the transit of the minority carriers
from emitter~to-collector. Computations show the current gain
enhancement in wide bass, fisld-aided, lateral transistors to
typically be in the range of two to twenty [6].

Latch-up is espescially difficult to analyze in commercially
avajlable CMOS integrated circuits because

(a) many parallel latch~up paths may simultaneously exist
within any given CMOS integrated circuit, often leading
to problems in latch-up path identification,

(b) adequate data is generally not availadble regarding
impurity levels and diffusion profiles, nor are
adequate "on~-chip® test patterns included for obtaining

such data, and

(c) severe restrictions usually exist which prevent
accurate parameter information from being obtained
from any given CMOS integrated circuit layout, hence,
allowing only an incomplete analysis to be made.



These restrictions clearly limit the applicability of using
commercial CMOS integrated circuits in a research prcgram to
correlate geometrical and process parameters to latch-up events.

In order to investigate the latch-up process in CMOS (or

other latch-up prone integrated circult families) and to develop

adequate models for latch-up threshold prediction, special test
structures are required. The objectives of the special latch-up

test structures arse

{a)

(b)

(c)

(9)

(e)

(£)

to provide simple test structures for controlled latch-
up, where layout is uncompromised by guardbands and
other diffused regions, thus, allowing computer
analysis for comparison and model testing,

to provide simple test structures for isolating and
quantitatively studying the influence of geometrical
paramseters upon latch-up,

to allow variations in processing (e.g., diffusion
depth of the p-well, substrate resistivity, and net
doping at the surface of the p-well, etc.) for
topologically identical structures, so that the
influence of impurity levels and impurity profiles
can be investigated,

to provide field-aided lateral pnp test transistors,
with controlled electric field in the base region,
for studying and relating the enhanced current gain
to the change in latch-up threshold,

to provide spreading resistance test structures as
an aid in the developing methods to calculate the
lateral spreading resistance components, and

to provide specially designed support test structures,
located adjacent to the special purposs latch-up test

structures, for collecting accurate resistivity and



and diffused layer sheet resistances for the analysis
and modeling of latch~up.

The design and fabrication of the latch-up test structures and
related support test structures represent an essential step in
the program to quantify and understand the relevant parameters
governing latch-up and to the successful modeling of thc’lltch-up
in CMOS and rslated integrated circuits. '

SECTION III - DESCRIPTION OPF LURIC TEST CHI?

This section describes the layout of the Latch-Up and
Radiation Integrated Circuit (LURIC) test chip. The LURIC chip
is 265 mils by 184 mils. It consists of B6 separate devices
and test patterns arranged in 24 subchips (4 by € subchip array).
Each subchip measures approximately 38.3 mils by 40.2 mils, and
uses the RCA CD4007 bonding pad pattern, consisting of 14
bonding pads per subchip.

The same probe card can be used for testing each of the 24
subchips because of duplication in the bonding pad pattern.
Furthermore, streets have been included so that any of the 24
subchips may be separately scribed and bonded in a l4-pin dQual

in-line package gr other integrated circuit packages.

LURIC consists of 12 mask levels as summarized in Table I.
Both metal gate and silicon gate processes are possible with
the mask set--the corresponding mask levels for each process
are listed in Table I. '

Table II is a listing of all devices and test patterns
on LURIC. Table II is formatted as follows: Each device or
test pattern is assigned a "device number" (column 1),
descviption and key dimensional information (column 2), chip
location (column S), pin or bonding pad positions (column 6},
and defining process (column 3 for metal gate process orx



column 4 for silicon gate process). 1In some cases, column 6

contains identifying remarks.

Figure 2 shows the bonding pad arrangsment for each subchip
and defines the pad number for corrslation to the data in Table
II, Figure 3 shows the locations of each of the 24 subchips.
The 4 subchips in the upper left-hand corner of Figure 3 were
previously used in another CMOS test chip (SDL TC-1 through
SDL TC~4), The remaining 20 subchips are unique to LURIC (Al
thzrough A20). Each group of devices or test patterns are
briefly discussed below with regard to functional purpose and
parameters to be determined for latch-up.

In addition, all drawings showing subchips and their
layouts include the device numbers listed in column 1 of
Table II.

A. SDL CMOS Test Array (Device Nos, 1=-13)

The SDL CMOS test devices havs been described in a Sandia
Laboratories Technical Report (SAND78-1390) entitled, "CMOS
Test Chip,"” by John D. McBrayer.

Subchip SDL TC=1 (Fig. 4) contains substrate and p-well
MOS capacitors, both p-channel and n-channei gate and fieid
oxide MOS test transiastors, and an SCR test structure.

Ssubchips SDL TC-2 (Fig. 5) and SDL TC~3 (Fig. 6) are both
patterned after the RCA CD4C07 dual complementary pair plus
inverter integrated circuit. Subchip SDL TC=-3 is the complete
CD4007 integrated cirxrcuit (RCA). Howsver, subchip SpL TC~2
is unique to LURIC; the metalization layer (#11) has been
modified. These modificatiors included disconnecting the n+p
gate protection diodes; however, the p+n gate protection diodes
may be biased to participate in latch-up or may be grounded
(or may float). All source and drain regions are zccessible



via the bonding pads, but no gate connections are possible.
SDL TC=2 may be used in combination with the full CD4007

{SDL TC~3) to isolate selsctad latch-up paths. 5DL TC-4

(Flg. 7) contains both n-channel and p-channel NOS transistors
similar to those used in the CD4007. The bonding pad patterns
used on SDL TC~=2 and TC=3 are mirror images of the pin assign-
ments uscd on the RCA configuration. This should be accounted
for when probing these twoc subchips and when packaging them
(see SAND78~-1390).

B, Field-Aided Lateral PNP Transistors
(Device Nos. 14-23)

It has been shown that field-aiding can significantly
senhance the current gain of the parasitic lateral pnp transistor
in junction~isolated CMOS integrated circuits [6]. Ten field~
aided lateral pnp transistor (FALT) structures have bsen
includod on LURIC. The purpose of the FALT structures is to
study the fisld-aided current gain of the pnp transistors and
to verify the wide-base, field-aided, lateral transistor
theory [7]. Using the entire array of FALT structures, infor-
maticn can be obtained for the current gain dependence from base
electric field strength, base width, ratio of emitter-to~-
collector lengths, and collector diffurion (p-well) depth. One
FALT structure includes a field-plate over the base region
between emitter and collector. Another FALT structure has an
n+ diffused bar between amitter and collector. PFigures 8, 9,
and 10 show the subchips containing the 10 FALT structures.

The connection for current gain measurements on the FALT
structures is shown in Figure 11l. The electric field in the
base is established by passing a current between the two n
bar contacts. These n+ diffused contacts also function as
base contacts for the pnp transistors. By computing the ratio
of the collector current, Ic' to the emitter carrent, IE'
the common base current gain, a, is obtained. The electric



field streng*h, E, is approximated by the bias voltage, vbins'
divided by the n+ rail spacing (nominally 150 um).

Subchips Al and A2 (Fig. 8 end 9) contain 4 n' diffused
rails for applying the dc bias to establish the base region
electric field. Typically, the range of practical fiela
strength ranges from approximately zerc to about 100 volts/cwm.
The standard n+ dAiffused rail spacing is 150 um., Table III
summarizes the pin connections for the bias rails on subchips
Al, A2, and A3.

Table II lists the key dimensions of the FALT structures.
Parameter “b is the emitter-to~collector spacing, and parameter
Wa is the emitter length (distance parallel to the collector).
The corresponding col)ector length, dencotad by "c' is 150 um,
except on structure numbers 19, 22, and 23 (sese Table II).
Table IV relates the structure numbers of the FALT devices with
the parameter variation to be studied.

€. Gated Diodes (N'P ana P*W)
(Device Nos. 26=27)

Gated diodes can be used to study leakage currents and
surface recombination paramoters (8-9]. Figure 12 shows the
subchip containing tvo large gated diodes. Both a n+p and p+n
gated diode have been included. The diffused and qate areas
are approximately 3 mils? (~1950 u-z). and 106.1 mils®
(~68,500 ulz). respectively. Additional data are given in
Table II.

Leakage current in a reverse-biased pn junction can be

separated into three components:
(a) generation within the depletion region,

(b) generation in the neutral bulk material within a
diffusion length of the depletion region, and



(c) generation at the si-sio2 interface whare the
depletion region meets the interface.

Trhe silicon bensath the gate may be in three states; accuxnula-
tion, depletion, and inversion. 1In the accumulated state, the
l¢akage current will exssntially consist of current components
(a) and (b) Zor the diffused region (negligible contribpbution
from gated region). Going to the depleted state from the
accumulated state results in a sharp increass in leakage
current. This is due to both an increase in current components
(a) and (b), since the depletion region volume increases, and
the initiation of current component (c) which now addr to the
leakage current. Changing the gate potential sc that the
inversion state is attained will result in a decrease in total
lesakage currsnt because current compchent (c) is reduced (only
the contribution around the edge of the gate region remains).
The interface generation velocity may be computed upon measuring
the decreass in the leakage current when making the transition
from the depletion state to the inverted statse. Let AI represent

the current decrease, then

AT = %qn , (1)

i'vlgate
where q is the magnitude >f the electronic charge, ni is the
intrinsic carrier concentration, s, is the s1-5102 interface
generation velocity, and Aqate is the gate area [8]. Actually,
the area used ia equation (1) should be the area where the
depletion region meets the si-sio2 interface. If the gate area
is large, then Agate will be a good approximation for the
correct area. This condition holds for devices 26 and 27. It
is worth noting that parameter sv is often taken as 2 relative
measure of the quality of the 51-5102 interface. In addition,
knowledge of the parameter s, for the substrate region is
necessary for estimating (and modeling) the base transport loss

of the lateral pnp transistors due to surface recombination
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(assuming the surface recombination velocity is equal to the
surface generation velocity). This transport current loss is
proportional to parameter s, and the minority carrier density.

Additiornal parameters may be deduced from the lesakage
current measursments. The current due to generation within
the depletion region (component (a)) is

qni
Id‘p = i;: xdaj ' {2)

where To is the depletion laver generation time, xd is the
depletion layer width, and Aj is the area of the junction.
The activation energy associated with Id.p is approximately
0.6 eV (approximately equal to !GIZ because Idcp « ni). The
current due to generation in the neutral bulk (component (b))
is

gn 2

—_—
Tasee = "Nt Lhetr ¢ 3

where N is the (average) impurity concentration of the bulk
within one diffusion length of the junction, T is the minority
carrier generation (recombination) time, L is the minority
carrier diffusion length, and Agft is the effective Jjunction
area. The important gquantity to know is the sffective genera-
tion volume, represented by Ln‘tf. The activation energy
assoclated with 1.“!1‘f is typically 1.0 to 1.1 eV (approximately
equal to EG bescuase Idiff « niz). Usually Id‘p >> Idit!

in silicon at T £ 300 X. This can be verified for any particular
structure by measuring the activation energy at the temperature
of interest. The activation energy measurement should be

carried out for gated dicdes in the accumnlated or inversion

states #0 that current component (c) is minimized. When



Id.p >> Idit! and the gate is biased for accumulation, then
To may be calculated from the measuraed leakags currsnt and
using the approximation xd“j s 3000 u-a. In generxal, volume
xdn is bias dependent; more exact treatments should account
for this fact.

D. Latch-up Structures
{Device Nos. 29-44)

Sixteen latch-up structures (LATUS) have been included
on LURIC. One of the goals of this research program is to
develop a model for simulation of the latch-up phenomena.
The LATUS test devices have been designed to provide a simple
(single path) structure which will latch-up. All dimensions
are carefully controlled; hence, the paramster irnput is simpli-
fied for computer simulation, 1In addition, key dimensions
are varied to further confirm the computer model. The LATUS
test structures can also serve as latch-up monitor test
patterns for integrated circuit production lots.

rigures 13 through 16 show the 4 subchips containing the
LATUS test devices. Figure 17 defines the principal dimensions
associated with the LATUS test devices. Parameter wb represents
the lateral pnp transistor's base width. The spacing from the
substrate's n+ contact to the farthest edge of the p+ region is
denoted by Lns' while the distance from the p+ contact of the
p-well to the farthest edge of the n+ reglion is LRP' Both LRS
and LRP are key parameters which relate to the lateral resis-
tance components (refer to the discussion in Section II).

Table V lists the bonding pad assignments for the 16 LATUS
test devices. Table VI summarizes the parameter variation by
structure number. Structure number 30 is the reference LATUS
test device. The "wide" n+ region in the p-well is 200 Um wide,
whereas, the "narrow™ n+ region is 24 um wide.’ The “tight
guavdband” completely surrounds and contacts the p~well only

11
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on the edge nearest the substrate contact, and completely

surround the p~well,

E. ELA CMOS Structurses
(Device Nos. 45-56)

Silicon gate extended linear array (ELA) CMOS [10] has
been included on LURIC. Two categories of structures have
been included: (a) functioral blocks, and (b) p-well lateral

resistance structures.

Subchips A9 and AlQO (see Pig. 18 and 19) ~ontain test
structures designed to measure the lateral p-well resistance

as a function of gate potential, Vv contact location, and

guardband position. All test stzu::uzes on A9 and AlO0 have

6 Um wide gates. Subchip A9 contains dual VSS contacts and
subchip Al0 has single vss contact structures. All lateral
resistance test structures are formel in pairs, where one
structure has a polysilicon gate, while its companion has the
gate omitted. The guardband has been included in two forms:
(a) the guardband meets the p-well on all four sides, and (b)
the guardband mests the p-well on one side only (opposite

the vss contacts), but still surrounds the p-well. 1In all
cases, the p-well measures 124 um by 56 ya (excluding lateral
diffusion). vss contact sizes are 6 Um by 14 m. The guard-
band p+ diffugion is 11 um wide. Gats-to-gate spacing is 14
tm, and the n+ diffusion within the p-well (pinched region)
is 106 um by 38 um. Table II contains a description of each

ELA lateral resistance structure and bonding pad locations.

Subchip All (Fig. 20) contains an asynchronous 1470
RST, while subchip Al2 (Fig. 21) contains two 1720 two-input
OR gates. One of the 1720's has vss bias straps across the
p-well, whereas, the other does not (only Vss contacts to
p-well at outer edge of p-well). Both 1720's are embedded
within dummy ELA sections. Table VII lists the bonding pad

locations for these logic blocks.



In addition, a 4 um gate ELA lateral resistance structure
has bean included {subchip All). Device structures 52 and 53

are to be directly compared.

P. CMOS Inverters - Matal Gate and Silicon Gate
(Device Nos, 57-60)

Subchip Al3 (Fig, 22) contains two silicon gate CMOS
inverters, and subchip Al4 (Fig. 23) contains two metal gate
CMOS inverters., These pairs of inverters differ only by the
p* drain (of the p-channel MOS transistor) to p-well spacing
(15 um versus 25 um). This spacing provides two different
lateral pnp transistors base widths for investigating latch-up.
All diffused regions are accessible via bonding pads (however,
the gates for each inverter are connected together). This
allows both the parasitic npn and lateral pnp transistors to
be separately characterized via the terminals. Also, the
n-channel and p-channel MOS transistors can be individually

characterized.

The mask designed Z/L ratio of the silicon gate CMOS
inverters is 15.7) however, with lateral diffusion accounted
for, the Z/L ratio will be approximately 22. This compares
with the mask designed Z/L ratio of 22 on the metal gate CMOS
invertersa, but with lateral diffusion the Z/L ratio is closer
to 35. PFor both the silicon gate and metal gate CMOS inverters,
the p+ guardbands contact only the edge of the p-well nearest
the p-channel MOS transistors.

The current gain of the npn transistors is largely
determined by the p-well impurity profile. However, the spacing
between the p-well and p+ source (or drain) controls the lateral
pnp current gain when the fie 1-aiding factor is absent. Note
that individual biasing of the lateral pnp doss not provide
for the current-induced electric field which wbould be present
in latch-up situations. The FALT structures described in

13
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Section B must ba used to study the characteristics of the
field~-aliding,

G, Substrate Spreading Resistance Test Patterns
(pbevice Structure 71)

An important parameter in characterizing latch-up is the
VDD contact-to-p~well resistance. Normally this is a spreading
resistance which may be computed by various computer programs.
Subchip Al6é (Fig. 24) contains an array of 14 n+ diffused
regions measuring the substrate spreading resistance. Table
VIII lists the dimensions for each of the 14 n+ regions and
the spacings between adjacent regions. This array of substrate
spreading resistance structures can be used to test methods for
computing the resistances between contacts. Table VIIX
summarizes the n+ region spacings and contact sizes.

H. Square Array Collectnr Resistor
(Device Structure 72)

A square array collector resistance structure (or four-
probe bulk resistor) can be used to measure the substrate
resistivity. Buehler and Thurber [l11] have described the use
of this structure and given equations for the computation of
bulk resistivity. The square array collector resistor is
located on subchip AlS (Fig. 25).

The bulk resistivity is determine from measurements on
the square array collector resistor by forcing current between
two adjacent contacts (e.g, pins 7 and 8) and measuring the
voltage between the remaining adjacent contacts (e.g., pins 9
and 10). PFor the thick sample case, which is usually
satisfied with non-epitaxial wafers, the resistivity is given
by [11}



2nty

v
p = 2 - T " 10.73(¢t) T ] (4)

2

where t is the contact spacing (t = 10 “ cm for device struc-

ture 72), V is the measured voltage difference, and I is the

forced current. Thersfore, for t = 10-2 cm,

4

I (8 - om) . {(5)

p = 0.1073

ror wafer thicknesses greater than 225 microns, equation (5)
is accurate to within 108, Bushler and Thurber should be
consulted for the correction equation if greater accuracy

is sought.

I. Gated Lateral PNP Transistors
(Device Nos. 73~-74)

Two gated lateral pnp transistors have been included on
subchip Al7 (see Fig. 26) to study surface effects on the
lateral pnp transistors. Alsoc, by aprlying lateral transistor
theory [12-13], an approximate sstimate to the substrate
diffusion length may be obtained [14]. Both devices have
100 ym by 100 um square emitters. The lateral base widths
are 10 uym (device number 73) and 25 ym (device number 74).
These are mask design base widths; with lateral Adiffusion
included, theeffective base widths are closer tc being 5-6 um
{device number 73) and 20-21 Um (device number 74).

15
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If the gates are biased for inversion, then these devices
become p-channel MOS transistors. The effective 2/L ratios
are approximately 85 (device number 73) and 22.5 (device number
74). Of course, the Z/L ratio is highly sensitive to drain
voltage for these structures. Table IX gives the bonding
pad assignment for thess devices.

J. Kelvin Contact Resistors and van der
Pauw Structures (Device Nos. 61-65
and 66-70)

These structures can be used to obtain information on
the p~well sheet resistance, pinched p-well sheet resistance,
n+ and p+ source/drain diffused sheet resistances, and p‘
guardband (silicon gate process) sheet rasistance. Table IIX
identifies the location and description of each of the Xelvin
contact resistors and companion van der Pauw structures. The
use of these structures have been described in the literature
[15-18].

The Kelvin contact resistors are six square structures,
The sheet resistance is measured by passing a current between
the outer contacts and measuring the voltage developed between
the inner contacts. If I represents the current flowing between
the outer contacts, and V is the potential difference measured
between the inner contacts, the sheet resistance is calculated
by



. (6)

IS

RD = 0.1667

Of course, the voltage should be measured with a voltmeter with
input resistance much greater than the resistance between
the inner contacts. Small currents should be used to avoid

nonlinear effects.

The van der Pauw test structures (offset quadrate crosses)
are used to compute sheet resistance in an analogous manner.
These structures possess four-fold rotational symmetry, therefore,
a simplified measurement scheme may be used. Current I is
forced between two adjacent contacts, while the potential
difference V is measured betwsen the remaining two adjacent
contacts. The shest resistance is given by

k!

Rg * Tm(y : o

- 4,532

=<
i<

The Kelvin contact resistors and van der Pauw structures have
been paired to give dual readings for each of the five sheet

resistances.

The test structures for the p-well sheet resistance appear
on subchips A9 (rig. 18) and Al0 (Fig. 19), pinched p-well
sheet resistance on All (Fig. 20) and Al2 (Pig. 21), p' and
n* source/drain sheet resistances on Als (Frig. 27), anad p*
guardband sheet resistance on A20 (Frig. 29).

17
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K., MOS Capacitors (Device Nos. 76-80)

MOS8 capacitors for the n-type substrate (both thin and
thick oxide), n+ diffused layer, and p~well are included on
subchips A9 (thin oxide substrate), Al5 (thick field substrate
and large p-well), and A20 (n+ and thick field substrate).
Table II summarizes additional pertinent information for these
five MOS capacitors., 1In addition, subchip SDL TC~1 includes
two large MOS capacitors (p-well and thin oxide substrate).

C-V measurements are Commonly made on MOS capacitors to
obtain information on average surface concentration, surface
state density (N..), and generation lifetime (T).

(a) High frequency C~-V plotting procedures are well known
[19-20]. Let cox be the measured MOS capacitance in accumula-
tion, and cnin be the measured high frequency (1 MHz) minimum
capacitance in strong inversion. In strong inversion, the

depletion width in the silicon is [19)

% - esitox (cox . 1) R (8)
dmax eox c-in

where tox is the oxide thickness, e.i is the silicon dielectric

constant, and eox is the oxide dielectric constant. The

average doping density, denoted by N, is related to xd-nx by
Xynsy J‘e.ikT:n(N/ni) ’ ()
q°N



where n, is the intrinsic cnt:i:;aconeontration, k is
Boltzmann's constant {(1.38 x 10 joule/K), T is the
temperature in degrees Kelvin, and q is the electronic
charge (1.602 x 10'19 coulomb). Equations (8) and (9)

may be solved by iteration for impurity concentrstion N,
Curves are avallable for graphical solution, such as those

presented by Goetzberger [21}].

(b} A commonly used method to obtain the surface state density,

denoted by N", is the quasi-static C-V technique by Xuhn [22].
The quasi-~static technique requires the measurement of the MOS
displacement current in response to a linear voltage ramp.

The interface surface state density is computed by

CL!I
N = Cox Cox - Cai 10)
s q [ c ! ¢
1 LIrm ox
ox

where cox was defined above, CLP- is the low-frequency
capacitance ainimum on the quasi-static C¢~v plot, and csi
is the theoretical minimum capacitance associated with the
maximum depletion layer formed in strong inversion. The

quantity (csilcox) is given by

c t qze’iﬂ

g g axTIn (N/n ) ‘ (12)

where all symbols have been defined above. 1In addition, C°x

is computed by

c = = . , (12)
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and

1.%

n, = 3,93 x 10°5(m Y Sexp(-7010.43/m .,

i

where T is in units of degrees Xelvin. The correct units for

N‘. are number per square centimeter per electron volt. A
graphical solution for N.. can be obtained upon knowing N,
tox' and the ratio (chn/cox) at T = 300 X, The required
curves, along with detailed explanation, appear in Van

Overstraeten, et. al. [23),

(c) The generation lifetime may be estimated from measurement
of the relaxation time of the inversion layer in an MOS capacitor.
This is accomplished by pulsing an MOS capacitor from the
accumulated state into the deep depleted state, while the high-
frequency capacitance is monitored. The fast pulse establishes
a depletion region of a depth greater than the equilibrium

value (xd_.x). As time procesds, the invc-sion layer forms

and the depletion depth progressively decceasss to its
squilibrium value. The initial condition, immediately following
the applicaticn of the pulse, is termed deep depletion. The
inversion layer formation is due to the generation of electron-
hole pairs in the depletion region, one carrier type being

swept to the surface (interface) and the other to the bulk.

From Shockley~Read-Hall theory, the generation rate is [20]

G = o= ' (14)

where T is the minority carrier lifetime. Given that

begbeds . am
ox si



it can be shown that .

2
- L(E”.’i) - [c-"n - 1] 2n4Cox (16)
’
at [+ c C.infﬂ

where all symbols have been previously defined. Plotting
2
d((cox/C) )} /4t versus ((C-in/C) = 1) yields a straight line

whose slope is related to lifetime.

Examining C-time curves by the above method requires
considerable data reduction. Often the C-time relaxation
curve can be fitted reascnably well by a straight line over

most of the decay. Let t_ represent the total time of the

1 4
C~time relaxation, then
cie) & ¢ ¢ (e, -¢C y £ (17)
initial min initial’ ¢, !

where t is time and cinitinl is the initial capacitance of

the pulsed MOS capacitor. The lifetime, denoted by T, may then

be obtained from [24])

n [o] c 2
T e S (1 + ——-——‘2“’1‘1) . (18)
ox min

This expression neglzcts surface generation (T is due to bulk
generation) and, of course, light must not be allowed to fall
on the sample during the measurement.
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L. P+N Junction Diodes (Device Nos. B1-85)

P+N junction dicdes are contained on subchips Al9 (Fig. 28)
and A20 (Fig. 29) for measuring junction leakage currents.
The primary reason for the inclusion of p+n diodes is to study
leakage current of gold doped junctions (rslate to the use of
gold doping to control latch-up in CMOS [25]). Subchip AlS
contains three p+n diodes of varying area and perimeter. This
allows an analysis of the leakage current in terms of areal
and peripheral leakage components. Two small, identical p+n
diodes are placed near the n+ contact of the MOS capacitor
(device number 79) on subchip A20.

The three major components of leakage current were discussed
in section C (gated diodes). Equations (1) through (3) are
the relevant equations. However, from practical considerations,
it is often mcore convenient for prediction purposes to express
the leakage current in terms of areal and peripheral components,
These components may be resolved by comparing diode leakage
currents for diodes of different area and pesrimeter. For
example, taking devices #81 (area = 45 niluz. and perimeter =
49 mils) and #82 (area = 45 11132, and perimeter = 28 mils),
a plot of the measured leakage currents versus perimeter
provides an estimate of the areal and peripheral leakage compo-
nents. The slope gives the peripheral componsnt, whereas, the
intercept at perimeter = 0 gives the areal component. Other
diode combinations may be used, with appropriate scaling, to
provide additional data for the resolution of areal and peri-
pheral components. Table II summarizes all necessary data

on the p+n junction diodes.
M. Contact Resistance Test Pattern (Device No. 28)

A p+ region-to-metal (AL) contact resistance test pattern
is located on subchip A4 (Fig. 12). This is a Kelvin contact



structure in which current I is passed between two adjacent
bonding pads (e.¢., pins 8 and 9, or 10 and 1l1), while the
potential difference V is measured between the remaining

two adjacent bonding pads (e.g., pins 10 and 11, or 8 and 9).
The contact resistance per unit area is computed by

Rc =« 0.01 % (ohns/ulz) . (19)

This equation is derived from the fact that the contact is 10 um
by 10 um,

N. Thick Field MOS Transistors
{Device Nos. 24 and 25)

Subchip A3 (Pig. 10) contains two thick field oxide MOS
test tranasistors. Both are p-channel devices. During the
silicon gate processing, both silicon gate (device No. 25)
and metal gate (device No. 24) MOS transistors result. The
efieactive Z/L ratio of the metal gate MOS transistor is 12,
wherxeas, the effective Z/L ratio of the silicon gate MOS
transistor is 6.5 (lateral diffusion effects are accounted

for).
0. Vertical NPN Transistor (Device No. 75)

A separate p-well base npn vertical bipolar transistor
is available on subchip Al7 (Fig. 26). This transistor
corxesponds to the parasitic npn transistor in LATUS structure
No. 38, however, no guardband diffusfion is included. The
emitter is 78 um by 206 um. Pin locations are given in
Table II.
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P. Miscellaneous Structures

A resclution pattern appears on subchip A4 (device Nu,
86) for all 12 levels (ses Fig. 12). It consists of a series
of rsctangles and squares (dimensions detailed in Table II).

Pinally, crosses have been included for alignment patterns.
Metal gate process alignment patterns appear on subchips
SDL TC~2 and TC-3, A4, Al5, and Al8. Silicon gate process
alignment patterns appear on subchips A3 and Al2.

SECTION IV - SUMMARY

This rsport has described a test chip for CMOS latch-~up
and radiation effects research. 1In addition, numercus test
structures on the LURIC test chip can furction as process
monitoring and control devices. Both metal gate and silicon
gate (ELA) processes are possible using the twalve layer mask
set.

Six basic categories of test devices and related test
structures have been described.

(1) CD4007 metal gate CMOS integrated circuit

(2) ELA silicon gate CNMOS cells

(3) Field-aided lateral transistors (FALT structures)

(4) Substrate spreading resistance test structures

(S) Latch-up structures (LATUS devices)

(6) Support test structures (e.g., MOY capacitors,
gated diodes, p+n diodes, van der Pauw and Kelvin
contact resistors, MOS test transistors, etc.)

The use of each category of test structures has been discussed,
with equations given where pertinent.
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TABLE I
DEFINITION OF MASK LEVELS
FOR LURIC TEST CHIP

L2 B I T R S R )

10
11
12

Description

P-well Implant
p* Guardband Implant

Thin Oxide Dafinition
Polysilicon Definition®

n* 8/D Tmplant

p* 8/D Implant

p* 5/D Diffusion

N* 8/D Diffusion

Thin Oxide Definition
Contact Definition
Metalization Definition*
Protection Layer Definition

LI B

>

*Mask levels 4 and 11 are dark field; all others are clear field.
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TABLE IT
LIST OF ALL DEVICES AND TEST PATTERNS

Description
4007 CMOS Dual Complemen- -3 Replica of RCA
tary Pair plus Inverter IC (rig. 6) CD4007 Layout
(pins 1 - 14)

2 Individual P~channel MOS X TC-4 Identical to MOS
transistor (Z = 20.4 mils, (Pig. 7) | transistor on CD4007
L= 0,3 mils) IC (pins 11, 12, 13,

& 14)

3 Individual P-channel MOS X TC-4 Matches structure
transistor with shorted (rig. 7} | No. 2 above except
source~to-substrate (Z = for shorted source-
20.4 mils, L = 0.3 mils) to-substrate (pins

1, 2, 3, 6 14)

4 Individual N-channel MOS X TC~4 Identical to MOS
transistor (3 = 9.31 mils, (rig. 7) | transistor on
L = 0.3 mils) CD4007 IC (pins

7, 8, 9, & 10)

5 Individual N-channel MOS b4 TC-4 Matches structure
transistor with shorted (Fig. 7) | No. 4 above except
source-to-p-well (Z = for shorted source~
9.31 mils, L = 0.3 mils) to-p-well (pins

4, 5, & 6)

6 SCR b 4 TC=-1 (pins 7, 8, 9, &

rig. & |1y

7 P-well MOS Capacitor X TC-1 (pins 4 & 5)

(A = 106.1 mils?) (rig. 4

8 N-substrate MOS capacitor b4 TC=-1 (pins 6 & 7)
(A = 106.1 mils?) (rig. 4)

9 N-channel gate oxide MOS X C-1 Standard test MOS
transistor (% = 2.0 mils, (rig. 4) transistor (pins
L = 0.3 mils) 1, 2, 3, & 14)
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TABLE II
{Continued)

11

12

13

14

15

16

17

18

30

N-channel field oxide MOS
transistor (Z = 2.0 mils,
L=20.,3mils)

P-channel gate oxide MOS
transistor (Z = 2.0 mils,
L = 0.3 mils)

P-channel field oxide MOS
transistor (2 = 2.0 mils,
L=0.3 mils)

4007 CMOS8 IC with modified
metalization (No gate con-
nections and can disconnect
gate protection diodes)

Field-aided lateral PNP
transistor I ("b = 10 um,
H. = 150 um, 'c = 150 um)

Field-aided ilateral PNP
transistor II (ub = 20 um,

Wy = 150 um, W, = 150 um)

Field-aided lateral PNP
transistor IIIX (Hb = 40 um,
Wy = 150 um, W, = 150 um)

Field-ajded lateral PNP
transistor IV (Hb = 10 um,

W = 30 um, W, = 150 um)

Field-aided lateral PNP
transistor V (Hb = 10 um,
Hi = 30 um and 150 um,
We = 150 um)

TC-1
(Pig. 4)
X TC=-1
(Fig. 4)
X TC=-1
(Fig., 4)
X TC=-2
(rig. 5)
X b 4 Al
{Fig. 8)
X X Al
(Fig. 8)
X X Al
(rig. 8)
X A
x (!iq} 8)
X X | (r1d? 9

Comments

Standard test MOS
transistor (pins
internal)

Standard test MOS
transistor (pins
7, 11, 12, & 13)

Standard test MOS
transistors (pins
internal)

Compare with struc-
ture No. 1 listed
above (pins 1 - 14)

Standard FALT
structure (pins
4, 5, 7, & 10;
optional 3)

(pins 7, 8, 9, &
10; optional 3)

(pins 1, 2, 3, &
13; optional 10)

Emitter width is
0.20 of collector
width (pins 3, 11,
12, 13; optional
10)

T~-shaped emitter
(pins 1, 2, 3, &
13; optional 10)




TABLE IX

resistor (10 um by 1C um
contact)

(Continued)
Metalj 8i
No. Dascription Gate |Gate | Location Comments
19 Field-aided lateral PNP X X A2 Triple P+ regions
transistor VI (W, = 10 um, (rig. 9) for three combina~
. + tions of emitter
We ™ 30 um on ali three P and collector (pins
regions, wc - We) 4, 5,6, 7, & 10;
optional 3)
20 Pield-aided lateral PNP X X A2 P~well diffusion for
transistors VII (W, = 40 um, (rig. 9) ggllector and P;i
ffusion for emitter
H. = 150 um, "c = 150 um) {pins 7, 8, 9, & 10;
optional 3)
21 Field-aided lateral PNP X X A2 P~well diffusion for
transistor VIII (W, = 20 um, (Fig. 9) gg%éccgot ;nd P*i
usion for emitter
H. = 150 um, "C w 150 um) (pinl 3, 11, 12, &
13; optional 10)
22 | rield-aided lateral PNP X X A3 N* aiffused rail
transistor IX (W, = 20 um, (Fig. 10) bo::con cni:t:: and
collector o um
Wo = 100 um, W, = 100 um) width (pins 3, 4, 5
&N
23 Field-aided lateral PNP X X A3 Gate over lateral
1 transistor X (W, = 20 um, (Fig. 10) | base region (pins
b 3,7, 8,9, & 10
Wy = 100 um, W, = 100 um) £ R T
24 Metal-gate P-channel MOS X b 4 A3 (pins 1, 2, 3, & 14)
transistor (% = 70 um, (Fig. 10)
L =10 um)
25 Silicon-gate P-channel b4 A3 {pins 3, 11, 12, &
MOS transistor (Z = 70 um, (Fig. 10} | 13)
L = 15 um)
26 | P'N gated diode (diode x X At {pins 1, 2, & 14)
area =3.0 mils?, and gate (rig. 12)
area = 106.1 mils?)
27 | n'P gated diode (diode x x Ad {pins 3, 4, & 5)
area 3.0 mils?, and gace (rig. 12)
area = 106.1 mils?)
+ .
P ~to~ X X A4 (pins 8, 9 or 10
28 to-metal contact (Pig: 12) ‘Pil) . ’
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TABLE IX

{Continued)
Metal 8i

No. Description Gate Gate | Location Comments

29 Latch-up structure I X X AS (pins 1, 2, 3, &
(Hb = 20 um, Lpg = 39 um, (Fig. 13)| 14)
and Loy, = 48 um)

30 Latch-up structure II X X A5 Reference cell
(Wy = 10 um, Lo = 39 um, (Fig. 13)| (pins 3, 4, 5, &
and Lm, = 48 pm) 6)

31 Latch-up structure III X X AS {pins 7, 8, 9, &
(W, = 10 um, Lns = 39 um, (rig. 13)| 10)
and Lo, = 35 um)

32 Latch-up structure IV X X AS (pins 10, 11, 12,
(W, = 10 um, Lpg = 39 um, (rFig. 13){ « 13)
and I‘RP = 61 um)

33 Latch=-up structure V b x A6 (pins 1, 2, 3, &
(W, = 10 um, Lpg = 39 um, (rig. 14)| 14)
and I‘RP = 22 um)

34 Latch-up structure VI X X A6 (pins 3, 4, 5, &
(W, = 60 im, Lps = 39 um, (rig. 14)| 6)
and Lpp = 22 um)

35 Latch-up structure VII b4 X A6 (pins 7, 8, 9, &
(W, = 30 um, Leg = 39 um, (rig. 14)| 10)
and L, = 48 um)

36 Latch-up structure VIII X x A6 (pins 10, 11, 12,
(W, = 40 um, Lo = 39 um, (Fig. 14)| s 13)
and I‘RP = 48 um)

37 Latch-up structure IX X X A7 rull guardband
(W, = 10 um, Lo = 39 um, (rig. 15)| (pins'1, 2, 3, &

= 48 14) (Note: Compare

and Lgp um) to structure No. 30)
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TABLE II
{Continued)

38 Latch~up structure X X X A7 (pins 3, 4, 5, &
(Wb = 10 Um, Lpg *= 39 um, (rig. 15)| 6)

and Lop ™ 87 um)

39 Latch~up structure XI X X A7 (pins 7, 8, 9, &
(W, = 10 um, Lpc = 22 um, (rig. 15)] 10)
and Lep = 48 um)

40 Latch~up structure X¥I X X A7 (pins 10, 11, 12,
(W, = 10 um, Loo = 89 im, (rFig. 15)1 & 13)
and LRP = 48 Um)

41 | Latch-up structurs XIII X X AS Narrow N' region
(W, = 40 um, L. = 39 km, (rig. 16)] (pins 1, 2, 3, &

b RS 14)
and LRP = 87 um)

42 Latch-~up structurs IXV X X Al Narrow N region
(Hb =20 um, Ly » 39 um, (rig. 16)| (pins 3, 4, 5, &
and L, = 87 um) 6)

43 Latch~up structure XV X X A8 Narrow N"' region
(W, = 10 um, Lpg ™ 39 um, (rig. 16) {gim 7., 8, 9, &
and I"RP = 87 um) )

44 Latch-up structurs XVI X X A8 Full guardband
(W = 10 um, Lps = 39 um, (rig. 16) ] (pins 10, 11, 12,

dL. =87 & 13) (Mote: Compare
and Lpp um) structure No. 38)
45 ELA P-well resistance } A9 Without polysilicon

(Pig. 18) | gates and with
extended guardband

structure (doubls V, if
(pins 4 and §5)

contact ~ 6 ym gate

46 ELA P-well resistance X A9 Without polysilicon
structure (doublc (Pig. 18) | gates and with
contact -~ 6 um gntoﬁf tight guardband

(pins 6 and 7)

47 ELA P-well resintance b 4 A9 With polysilicon
structure (double V, (Fig. 18) | gates and with

contact - 6 um glu# extended guardband

(pins 8, 9, & 10)
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TABLE II
{Continued)

48

49

50

51

52

53

54

55

56

34

ELA P-well roliltnnce
structure (doublo
contact - 6 um gateff

ELA P-well resistance
structure (lingle v
contact - Hm qat.i?

ELA P-well rc-iltanco
structure (linqlc
contact - 6 um gntcif

ELA P-wall resistance
structure (single V
contact - 6 um qntoi?

ELA P-well roniltnncc
structure (linqlo
contact = 6 uUm qntoﬁ?

ELA P-well rcliltance
structure (single V,
contact - 4 um gltei§

ELA Asynchronous 1470/
Reset
ELA 2-input OR gate

ELA 2-input OR gate

A9
(rig. 189)
Alo
Fig. 19)
AlO0
(Fig. 19)
AlQ
(rig. 19)
AlQ

(rig. 19)

All
(rig. 20)

All
(rig. 20)

Al2
(rig. 21)

Al2
(rig. 21)

With polysilicon
gates and with
tight guardband
(pins 11, 12, & 13)

Without polysilicon
gates and with
extended guardband
(pins 4 and 5)

Without polysilicon
gates and with
tight guardband
(pins 6 and 7)

With polysilicon
gates and with
extended guardband
(pins 8, 9, & 10)

with polysilicon
gatea and with
tight guardband
(pins 11, 12, &
13)

With polysilicon
gates and with

tight guardband
{pins 3, 4, & 5)

(pins 6 to 13)

With vss strap
across P-well (pins
2,7, 8,9, 12 & 13)

Without Vss strap

across P-well (pins
1, i0, 11, 12, 13,
and 14)




TABLE 1I

(Continued)
Metal 8i
No. Description Gate Gate | Location Compents
57 Polysilicon gate CMOB b4 Al3 15 um separation
inverter I (2 = 220 um, (rig. 22){ between transistors
L = 14 ym) (pins 4 to 10)
58 Polysilicon gate CMOS X Al13 25 um separation
inverter II (2 = 220 um, (Fig. 22)| between transistors
L = 14 um) (pins 1, 2, 3, 11,
12, 13, and 14)
59 Metal-gate CMOS inverter I X Al4 15 um separation
(2 = 220 ym, L = 10 um) (Fig. 23)| between transistors
(gans 1, 2, 3, 11,
12, 13, and 14)
60 Metal-gate CMOS inverter Il X Al4 25 um separation
{2 = 220 um, L = 10 um) (Pig. 23}| petwsen transistors
(pins 4 to 10)
61 Kelvin contact resistor X X A9 P-well sheet resis-
(6 square resistor) (Fig. 18)| tance (pins 1, 2,
3, & 14)
62 Kelvin contact resistor X X All Pinched P-well
(6 squars resistor} (Fig. 20}| sheet resistance
(pins 1, 2, 3, &
14)
63 Kelvin contact resistor X X Als et 5/D sheet resis-
(6 square resistor) (Fig. 27)| tance (pins 7, 8, 9,
& 10)
64 Kelvin contact resistor X X Al N+ S/D sheet resis-
(6 square resistor) (rig. 27) :‘?Ef {pins 1, 2, 3,
65 Kelvin contact resistor X x A20 p* guardband sheet
(6 square resistor) (Fig. 29)] resistance (pins
7, 8, 9, & 10)
66 Van der Pauw structure X X Al pP-well sheet resis-
(Fig. 19)| tance (pins 1, 2,

3, & 14)
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TABLE II

(Continued)

67

68

69

70

71

72

73

74

75
76

77

36

Van der Pauw structure

van der Pauw structure

Van der Pauw structure

vVan der Pauw structure

Substrate resistance
pattern (see text)

Square array collector
rasistor (100 um square
layout)

Gated lateral PNP (or
MOS) transistor I
(Wb = 10 um)

Gated lateral PNP (or
MOS) transistor II
(W, = 25 ym)

P-well NPN transistor

Thin oxide substrate
MOS capacitor (area =
62 mils?)

Thick field oxide MOS
substrate capacitor I
(area = 133 mils?)

Al2
(Fig. 21)

AlB
(Frig. 27)

AlB
(rig. 27)

A20
(rig. 29)

Alé
(rig. 24)

AlS
(Fig. 25)

Al?
(Fig. 26)

Al?
(Fig. 26)

Al?
Fig., 26;
{ 19 )
(rig. 18)

Als
(Fig. 25)

Pinched P-well
sheet resistance
(pins 3, 4, 5, & 6)

et S/D sheet resis-
tance (pins 10, 11,
12, & 13)

Nt S/D sheet resis-~
tance (pins 3, 4,
5, & 6)

p* guardband sheet
resistance (pins 11,
12, 13, & 14)
Twelve resistance
paths included
(pins 1 to 14)

(pins 7, 8, 9, &
10)

(pins 1, 2, 3, &
14)

(pins 7, 8, 9, &
10)

{pins 12, 13, 14)
(pins: internal)

(pins: internal)




TABLE II

(Continued)
Metal si
No., Description Gate Gate | Location | Comments
78 P-well MOS capacitor (area X X AlS (pins 3 and 14)
= 210 mils?) (Pig. 25)
79 | N MOs capacitor (area = X X A20 (pins 4 and 6)
56 mils?) (Fig. 29)
80 Thick field oxide MOS X X A20 (pins 4 and internal)
substrate capacitor II (rig. 29)
(area = 66 mils?)
81 PN diode I (area = 45 X X Al9 (pins 6 or 7, and
mils?, and perimeter = (rig. 28) | 14)
49 mils)
82 | p'n diode II (area = X x Al {pins 3 and 14)
45 mils?, and perimeter = (rig. 29)
28 mils)
83 | P™N diode III (area = 120 X X Al9 (pins 11 and 14)
mils?, and perimeter = 104 (rig. 28)
mils)
a4 PN diode IV (area = 2.25 X X A20 (pins 2 and 4)
mils?, and perimeter = 6 (rig. 29)
mils)
85 | p™ diode v (area = 2.25 X X A20 {pins 3 and 4)
mils?, and perimeter = 6 (Frig. 29)
mils)
85 Resolution pattern (all X X Ad 8 um x 8 ym,
levels included) (Fig. 12) | 6 um X 6 um,
4 ym x 4 Lm with
10 um x 30 um to
2 ym x 30 um
patterns
{(pins: none)
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TABLE III
BONDING PAD CONNECTIONS BY REGION
(FALT Structures)

Contacted
Region
Bias Rails
(bass) 7 7 7
10 10
13 13
Emitters 2 2 4
4 4 10
9 9
11 11
(6)
Collectors 1 1 5
5 -] 8
8 8
12 12
(6}
Gate 9
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TABLE IV
PARAMETERS TO BE STUDIED BY FALT STRUCTURES

Structure

Study "b Varjation

Study W. Variation
Study "c Variation

Btudy collector depth (p-well diffusion)
Compare to 16 - 15, respectively

Study emitter shape (T-shaped emitter--
compare to 14, 17, and 19)

N' diffused region between emitter and
collector

Gate over base region; study surface
recombination effects

Parameters
onstant

NOTE: Subchips Al (Fig. 8), A2 (Fig. 9), and A3 (Fig. 10).
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TABLE V

BONDING PAD CONNECTIONE BY REGION
(LATUS Test Patterns)

Structure N Region P: Region Substrate
in P-well in Substrate Contact

Numbe.

T

42 6 H 4 3
43 7 8 8 10
" 12 12 11 10
NOTE: Subchips A5 (Fig 7, A6 (rig. 14), A7 (Fig. 15), and

A8 (Fig. 16).




TABLE VI
PARAMETER VARIATION OF LATUS STRUCTURES

Structure Paraxeters

Number Parameter Varied Constant

29,30,35, Study "b variation for wide N+ region LRS'LRP

36 and Lpp ™ 48 um

41,42,43 Study "b variation for narrow N* "ns"'np
region and Lpp = 87 um

33,34 Study LS variation for wide W' region L”,Lm,
and Lpp = 22 um

33,31.32, Study LRP Variation "b'LRS

37,38,40 Study LRS Variation "b'LRP

38 & 44, Study tight gquardband versus loose 'b' LRS 'LRP

30 & 37 guardband

NOTE: Subchips A5 (FPig. 13), A6 (Fig. 14), A7 (Fig. 15), and

A8 (Fig. 16).
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TABLE VI

ELA BONDING PAD CONFIGURATIONS

Block Bonding Pad Confiquration
1720 12 - V., and 13 - V,
DD 88
(with Ves strap) 2 - ¥ output (X)
9 - X output
(S8ubchip Al2) 8 - B input
7 = A input
1720 12 - Voo and 13 - Vas
{without v”unp) 14 - ¥ output (%)
1% -X gntput
= A input
(Bubchip Al2) 10 - B input
1470 8 - Vpn and 7 - Vgs
10 - Clock
6 = Clock
(Subchip All) 9 - data in
13 = raset
11 - Q output
12 - § output




TABLE VIIT

N REGION SPACINGS FOR SUBSTRATE

RESISTANCE TEST PATTERNS

Pad
Numbexr Regjion Size Spacin
1 186 x 18 um
60 um
2 90 x 18 um
30 um
3 90 x 18 um
60 um
4 90 x 18 um -__T
120 um
5 90 x 18 um
60 um
6 78 x 18 um
246 um 120 um
7 90 x 18 um
90 um
8 270 x 18 um
120 um
8 270 x 18 um D ———
60 um
10 270 x 18 um
30 um
11 270 x 18 um
. 60 um
12 18 x 18 um
60 ym
13 18 x 18 um
14 18 x 18 um
NOTE: Subchip Al6é (Fig. 24).




a4

TABLE IX

GATED LATERAL pnp TRANSISTOR CONFIGURATIONS

evice Yateral pn — -C 1
No. B E_r [ 8] B[ G | Bub
7% 2 1 3114 2 14

76 8 |10 9 7]10 8 7
NOTE: Subchip Al7 (Fig. 26).



Fig. 1

Cross-section of CMOS integrated circuit inverter along
latch-up path.
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BONDING PAD LOCATIONS

rig. 2 Bonding pad configuration (14 pads) with pad numbering
scheme as used in this report. Note: Numbers used in
Table II.
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Fig. 4

i rd |

SDL TC-1 - Subchip containing SCR, MOS test
transistors, and MOS capacitors.



Fig.

5

SDL TC-2 - Subchip containing CD4007 CMOS IC
with modified metalization (seec text).
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Fig.

6

SDL TC-3 «~ Subchip containing CD4007 CMO5 dual
complementary pair plus inverter.



Fig. 7

SDL TC-4 - Subchip containing n-channel and p-channel
MOS transistors (compare to MOS transistors on CD4007
CMOS IC's).
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Fig. 8 Subchip Al -~ Field-aided lateral transistors (FALT).
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Fig. 10

Subchip A3 - Field-aided lateral transistors with n’
bar and gate over base, and field oxide MOS transistors
(both metal gate and silicon gate).
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E

N - SUBSTRATE

Pig. 11 Bias configuration for field-aided lateral transistor
(FALT) structures.
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Fig. 12

Subchip A4 ~ Large gated diodes (p*n and n*p) with
resolution pattern, and p*-to-metal contact resistance
structure.
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Fig. 13 Subchip AS - Pour latch-up structures (LATUS).
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Fig. 14

Subchip A6 - Four latch-up structures (LATUS).
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Fig. 15

Subchip A7 - Pour latch-up structures (LATUS).
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Subchip A8 - PFour latch-up structures (LATUS) .



P-WELL I

N* -_-_L

N* |

N SUBSTRATE

Fig. 17 Dimensional definitions for the latch-up structures

(LATUS) .
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A9
rig. 18 Subchip A9 - ELA p-well resistance structures with

dual contacts, field MOS capacitor, and p~well Kelvin
contact resistor.



Fig. 19

Al |

Subchip Al0 - ELA p-well resistance structures with
single contacts, and p-well van der Pauw resistance
structure.
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Fig. 20 Subchip All - ELA 1470 RST cell, single 4 um gate
p-vwell resistance structure, and pinched p-well Kelvin

contact resistor.
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Fig. 21

Subchip Al2 - Two ELA 1720 2-input OR gates (one with
vss straps and the other without vss straps), and pinched

p-well van der Pauw resistance structure.
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A3

Fig. 22

Subchip Al3 - Two silicon gate CMOS inverters for

latch=-up studies.







:

-0

=

=1 1

"

] 11"

L

0 oo b




[
L
L

77

O] ¢

n
O O

D@

rig. 25

Subchip Al5 - Collector (substrate) resistance 4-probe
square array structure, field MOS capacitor, and p-well
MOS capacitor.
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Fig. 27

==

Subchip Al8 - Source/drain n' ana p+ van der Pauw
resistance structures and Kelvin contact resistors.
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Fig. 29

Subchip A20 - Guardband (silicon gate process) p
resistance structures, gate oxide MOS clplc.'l.tor, field
oxide MOS capacitor, and two square p n diodes.
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Distribution:

2110 J. D. Heightley
2112 E. D, Graham

2113 C. W. Gwyn (10)
2113 G. W. Brown

2116 D. H. Habing

2140 B. L. Gregory

2141 V. A. Wells

2144 A, Ochoa

2144 W. R. Daves, Jr.
2113 D. B. Estreich (350)

8266 E. A,
141 T. L.
3151 Ww. L.
3172-3 R. P.

Aas
Wezrner (5:
Garner (3}

Campbell, DOE/TIC

(25)



