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MONOLITHIC INTEGRATED CIRCUIT 
(MMIC) STRUCTURE AND METHOD FOR 

FORMING SUCH STRUCTURE 

TECHNICAL FIELD 

0001. This disclosure relates generally to a Monolithic 
Integrated Circuit (MMIC) Structure and to a method for 
selectively etching a dielectric layer using an underling etch 
stop layer to protect an underling active device passivation 
layer. 

BACKGROUND 

0002. As is known in the art, as monolithic microwave 
integrated circuits (MMICs) are designed to operate at ever 
higher frequencies, the effects of dielectric loading on various 
MMIC conduction paths (including gates and transmission 
lines) becomes more pronounced. The minimization of Such 
loading is critical to achieving the desired gain performance. 
0003. As is also known in the art, plasma enhanced chemi 
cal vapor deposition (PECVD) is widely used for the depo 
sition of silicon nitride, which may act as a passivation layer 
to passivate components, or act as a capacitor dielectric. This 
deposition technique however, coats regions of the MMIC 
where the presence of additional dielectric is not desired and 
adversely impacts device performance at the higher frequen 
C1GS. 

SUMMARY 

0004. In accordance with the present disclosure, a method 
is provided for forming a semiconductor structure. The 
method includes: providing a semiconductor layer with a 
transistor device having a control electrode for controlling a 
flow of carriers between a first electrode and a second elec 
trode; depositing a passivation layer over the first electrode, 
the second electrode and the control electrode; depositing an 
etch stop layer on the passivation layer. Such etch stop layer 
being disposed over the control electrode; forming a dielec 
tric layer over the etch stop layer, and etching a window 
through a selected region in the dielectric layer over the 
control electrode, to expose a portion of the etch stop layer 
disposed over the control electrode. 
0005. In one embodiment, the method includes: forming a 
metal layer on a portion of the etch stop layer; wherein the 
dielectric layer is also formed on the metal layer; and 
0006. In one embodiment, the method includes depositing 
a second metal layer on the portion of the dielectric layer 
formed on the first mentioned metal layer. 
0007. In one embodiment, the transistor device is a field 
effect transistor. 

0008. In one embodiment, the semiconductor layer is a 
III-V semiconductor material. 
0009. In one embodiment, the passivation layer is silicon 
nitride. 
0010. In one embodiment, the etch stop layer is aluminum 
oxide. 

0011. In one embodiment, the dielectric layer is silicon 
nitride. 
0012. In one embodiment, the dielectric layer is Plasma 
Enhanced Chemical Vapor Deposited (PECVD) silicon 
nitride. 
0013. In one embodiment, the etch stop layer is an atomic 
layer deposited (ALD) layer. 
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0014. In one embodiment the etching comprises using 
reactive ion etching (RIE) or inductively coupled plasma 
etching (ICP) and photoresist patterning. 
0015. In one embodiment, the etching uses sulfur 
hexafluoride based plasma etchants. 
0016. With such method, the use of PECVD silicon nitride 
enables the blanket-coating of MMIC wafers for passivation 
or as the dielectric of a capacitor with the subsequent ability 
to remove it from areas where it is undesirable. PECVD 
processes are typically not compatible with photoresist pat 
terning processes due to the high temperatures (250 Celsius 
or higher) involved, so this method creates an alternative path 
by using an etch stop layer for the selective placement of the 
dielectric layer on MMIC structures. 
0017. Further, the use of aluminum oxide as an etch-stop 
interlayer enables selective removal of the silicon nitride 
dielectric layer from areas on a MMIC where its presence is 
undesirable by here using reactive ion etching (RIE) or induc 
tively coupled plasma etching (ICP) techniques with standard 
photoresist patterning techniques and Sulfur hexafluoride 
based plasma etchants. 
0018 With such method, a thin ALD aluminum oxide etch 
stop layer is used along with photo patterning to selectively 
remove PECVD silicon nitride from unwanted areas on the 
upper surface of the MMIC structure. The etch-stop layer 
provides precision control over residual passivation thickness 
with dry etch selectivity in excess of 100:1; the method 
enables the use of PECVD silicon nitride for capacitor struc 
tures; the method enables etch selectivity in excess of 100:1 
with an RIE etch of PECVD of silicon nitride to ALD alumi 
num oxide; the process can be used to protect fragile gate 
structures; and the method can be used for GaAs, GaN, and 
other semiconductor material. 

0019. The details of one or more embodiments of the 
disclosure are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the disclosure will be apparent from the description and draw 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0020 FIGS. 1A-1L are simplified, cross sectional dia 
grams of an MMIC at various steps in the fabrication thereof 
in accordance with the disclosure. 
0021. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0022 Referring now to FIG. 1A, a semiconductor struc 
ture 10 is shown having a substrate 11, here for example 
silicon carbide with a GaN semiconductor layer 13 thereon 
and a additional semiconductor layer 12 on semiconductor 
layer 13, layer 12 is here for example, a III-V semiconductor 
layer such as for example, here AlGaN. It should be under 
stood that other semiconductors such GaAs, InP, for example, 
may be used on the suitable substrate. The semiconductor 
layer 12 has a transistor device, 14, here for example a field 
effect transistor (FET) device formed therein using any con 
ventional processing to provide source and drain electrodes 
16, 18, respectively as shown, in ohmic contact with the 
semiconductor layer 12 and a gate electrode 20 in Schottky 
contact with the semiconductor layer 12 and a passivation 
layer 22, here disposed over the source and drain electrodes 
16 and 18, and a portion of the semiconductor 12 as shown. 
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Here for example the passivation layer 22 is silicon nitride. 
The gate electrode 20 controls the flow of carriers in the 
semiconductors layers 12, 13 between the source and drain 
electrodes. 
0023) Next, referring to FIG. 1B, an additional layer 24 of 
silicon nitride is uniformly deposited over the entire structure 
shown in FIG. 1A, here, for example, a 200 Angstrom thick 
layer 24 of PECVD silicon nitride to provide gate 20 passi 
Vation. 
0024. Next, referring to FIG. 1C, an etch stop layer 26 is 
uniformly disposed on the passivation layer 24, here for 
example, a 25 Angstrom thin layer of Atomic Layer Depos 
ited (ALD) layer of aluminum oxide. 
0025. Next, referring to FIG. 1D, first level active device 
metallization processing begins by first forming a layer 27 of 
photoresist patterned as shown to have formed there-through 
windows 28 to expose portions of the etch-stop layer 26 and 
passivation layers 22 and 24 over the Source and drain elec 
trodes 18 while covering the other portions of the etch-stop 
layer 26 including the portion of the etch-stop layer 26 over 
the gate electrode 20, as shown. It is noted that the gate 
electrode 20 terminates in a conductive gate pad, not shown, 
(out of the plane shown in FIG. 1D) and this conductive gate 
pad is also exposed by the windows 28 in the photoresist layer 
27. The structure with the windowed photoresist layer 27, as 
shown, is subjected to a dry, for example, plasma, or wet etch, 
to remove, in a first step, portions of the etch-stop layer 26 
exposed by the windows 28 and then, in a second step, remove 
the portions of the underlying silicon nitride passivation lay 
ers 24 and 22 thereby exposing the source and drain elec 
trodes 16 and 18 as well as the not shown, out of plane gate 
contact pad. The photoresist layer is then stripped leaving the 
structure shown in FIG. 1E. 
0026. Next, referring to FIG. 1F, a photoresist layer 30 is 
deposited and lithographically processed to have windows 32 
formed therein to expose regions where a first level (level 1) 
metallization is to be formed. This level 1 metallization with 
be used to form interconnects for the source and drain elec 
trodes 24, 26, the gate contact pad (not shown and referred to 
above) as well as bottom electrodes for capacitors, to be 
described, and microwave transmission lines and coplanar 
ground plane structures of the MMIC to be formed. 
0027. Referring now also to FIG.1G, metal 34 is deposited 
on the photoresist layer 32 (FIG. 1F) and through the win 
dows 32 therein onto the aforementioned exposed the source 
and drain electrodes 16, 18, on the aforementioned gate con 
tact pad (not) shown as well as other portions here for 
example a portion36 of the etch stop layer 26 where a capaci 
tor is to be formed. The photoresist layer 30 (FIG.1F) is then 
stripped from the surface along with any metal 34 thereon 
resulting in the metal thereon being lifted off the structure 
resulting in the structure shown in FIG. 1G. 
0028 Next, a dielectric layer 40, here for example, 
PECVD Plasma Enhanced Chemical Vapor Deposited 
(PECVD) silicon nitride, is coated over the surface of the 
structure shown in FIG.1G resulting in the structure shown in 
FIG. 1H. 
0029. Next, a photoresist layer 42 is deposited and photo 
lithographically processed to have a window 44 formed 
therein, as shown in FIG. 1I, with the photoresist layer 42 
remaining over the metal 34 being used to provide a bottom 
plate 34a for a capacitor to be formed. The structure is 
exposed to a dry etch, such as for example, a plasma etch Such 
as reactive ion etching (RIE) or inductively coupled plasma 
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etching (ICP), sulfur hexafluoride based plasma etchants), or 
a wet etch. It is noted that the etch process etches away the 
silicon nitride at a rate significantly greater than that to the 
aluminum oxide, here for example 100 times greater; thus the 
aluminum oxide layer 26 is considered as etch stop layer since 
the etching stops at the aluminum oxide layer 26, as indicated 
in FIG.1Jafter removal of the photoresist layer 42. (It is noted 
that the metal 34 of the source and drain electrodes as well as 
the gate conductorpad (not shown) referred to above exposed 
by the window also acts as an etch stop). 
0030. Next, the second level (level 2) metallization pro 
cess begins by depositing a photoresist layer 50 and pattering 
the photoresist layer 50 lithographically to have windows 52 
formed there-through, as shown in FIG. 1K. The windows 52 
exposed the metal 34 used for the source and drain electrode 
16, 18, the gate conductor pad (not shown and described 
above) and the portion of the silicon nitride dielectric layer 40 
to be used for the capacitor being formed. Next metal 56 is 
deposited on the remaining portions of the photoresist layer 
50 and on the metal 34 used on the source and drain electrodes 
16, 18 the gate conductor pad (not shown and described 
above) and the portion of the silicon nitride dielectric layer 40 
to be used for the capacitor being formed. Next, the photore 
sist layer 50 (FIG. 1K) is stripped with the portions of the 
metal 56 thereon being lifted off the structure while the 
remaining portions of the metal 56 remain on the first-level 
metal 34 disposed on source and drain electrode metal 16, 18. 
the gate conductor pad (not shown and described above) and 
the portion of the silicon nitride dielectric disposed on first 
level metal 34, thereby completing the formation of the 
capacitor 60 of the MMIC 62. 
0031. A number of embodiments of the disclosure have 
been described. Nevertheless, it will be understood that vari 
ous modifications may be made without departing from the 
spirit and scope of the disclosure. For example, the method 
may be used with bipolar transistors. Accordingly, other 
embodiments are within the scope of the following claims. 
What is claimed is: 

1. A method for forming a semiconductor structure, com 
prising 

providing a semiconductor layer with a transistor device 
having a control electrode for controlling a flow of car 
riers between a first electrode and a second electrode: 

depositing a passivation layer over the first electrode, the 
second electrode and the control electrode: 

depositing an etch stop layer on the passivation layer. Such 
etch stop layer being disposed over the control electrode: 

forming a dielectric layer over the etch stop layer, and 
etching a window through a selected region in the dielectric 

layer over the control electrode, to expose a portion of 
the etch stop layer disposed over the control electrode. 

2. The method recited in claim 1 including: 
forming a metal layer on a portion of the etch stop layer; 

and 

wherein the dielectric layer is also formed on the metal 
layer. 

3. The method recited in claim 2 including depositing a 
second metal layer on the portion of the dielectric layer 
formed on the first mentioned metal layer 

4. The method recited in claim 3 wherein the transistor 
device is a field effect transistor. 

5. The method recited in claim3 wherein the semiconduc 
tor layer is a III-V semiconductor material. 
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6. The method recited in claim 3 wherein the passivation 
layer is silicon nitride. 

7. The method recited in claim 6 wherein the etch stop layer 
is aluminum oxide. 

8. The method recited in claim 7 wherein the dielectric 
layer is silicon nitride. 

9. The method recited in claim 8 wherein the dielectric 
layer is Plasma Enhanced Chemical Vapor Deposited 
(PECVD) silicon nitride 

10. The method recited in claim 9 wherein the etch stop 
layer is an atomic layer deposited (ALD) layer. 

11. The method recited in claim 10 wherein the etching 
comprises using reactive ion etching (RIE) or inductively 
coupled plasma (ICP) etching and photoresist patterning. 

12. The method recited in claim 11 wherein the etching 
uses Sulfur hexafluoride based plasma etchants. 

13. A method for forming a semiconductor structure com 
prising: 

providing a III-V semiconductor layer with source and 
drain electrodes in ohmic contact with the semiconduc 
tor layer and a gate electrode in Schottky contact with 
the semiconductor layer, 

depositing a passivation layer over the Source, drain and 
gate electrodes, 

depositing an etch stop layer on the passivation layer; 
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forming a dielectric layer over the etch stop layer, 
forming a window in the dielectric layer exposingaportion 

of the etch stop layer deposed over the gate electrode. 
14. A semiconductor structure comprising: 
a III-V semiconductor layer; 
Source and drain electrodes in ohmic contact with the semi 

conductor layer; 
a gate electrode in Schottky contact with the semiconduc 

tor layer; 
a passivation layer disposed over the Source, drain and gate 

electrodes, 
an etch stop layer disposed on the passivation layer, 
a dielectric layer disposed on a first portion of the etch stop 

layer, the dielectric layer having a window therein, Such 
window exposing a second portion of the etch stop layer. 

15. The semiconductor structure recited in claim 14 
wherein the etch stop layer is disposed over the source and 
drain electrodes. 

16. The method recited in claim 1 wherein the etch stop 
layer is deposited over the first electrode and the second 
electrode. 

17. The method recited in claim 14 wherein the etch stop 
layer is deposited over the disposed over the source electrode 
and drain electrode. 

Micron Ex. 1024, p. 11 
Micron v. YMTC 
IPR2025-00228




