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Abstract 

Two alternative technologies to fabricate back- 
side contacted ISFETs are presented. In one pro- 
cess a refractory metal is used to extend the source 
and drain contacts beyond the p-well, where the 
contact to the backside is made through a p+- 
implanted membrane, formed by an anisotropical 
each. The refractory metal is isolated by an oxide 
layer. In the other process, the source and drain are 
directly contacted from the backside through an 
n+-doped membrane, which is isolated from the 
substrate by an additional deep p+-diffusion. The 
specific critical steps of the two technologies are 
discussed, and the performance of the BSC- 
MAOSFETs is compared with the MAOSFETs 
fabricated with the standard CMOS process. 

Introduction 

The lifetime of encapsulated pH-ISFETs de- 
pends strongly on the encapsulation of the electri- 
cal connections [ 11. To avoid this, backside 
contacted ISFETS (BSC-ISFETS) have been pro- 
posed and studied in order to separate the electron- 
ics from the chemical environment [2-61. Such 
structures, which use an anisotropically etched 
hole to make the backside contact, offer a flat 
sensing surface thus rendering cleaning easy and 
showing favorable hydrodynamic characteristics. 
Especially for specific biomedical applications, 
BSC-ISFETs have proven to be very useful [4]. 

However, in none of the BSC structures re- 
alised up to now, was an isolated well integrated 
in the device. In this paper we will study the 
technological feasibility of two different backside 
contacted ISFETs that are embedded in a p-well. 
One structure uses a refractory metal to extend 
the source and drain contacts of the ISFET be- 
yond the p-well, and has the contact made by a 
p+-implantation in the contact holes (indirect 
BSC). Insulation of the BSC holes from the n-sub- 
strate is assured automatically. This method has 
the additional advantage of making the ISFETS 
less light-sensitive, since the source and drain 
regions are covered by the metal. 

09254005/90/$3.50 

In the other structure, n+-doped backside holes 
make contact to the source and drain regions 
directly (direct BSC). However, here an additional 
deep p+-diffusion must be made in the holes to 
ensure insulation from the substrate which renders 
this technology more complicated. The technolog- 
ical implications and realisation of these two 
structures will be presented. 

Indirect Backside Contacted ISFETs 

General Description of the Technology 
In the indirect BSC technology, a refractory 

metal layer connects the p+-backside contact to 
the n+-source and drain region. For the develop 
ment of this technology we used a multi-function 
chip, which includes frontside contacted ISFETs 
and MAOSFETs (metal-alumina-silicon diox- 
ide-FETs) for the standard process, and BSC-IS- 
FETs and BSC-MAOSFETs for the backside 
process. Cross sections of the BSC-ISFET and 
BSC-MAOSFET structures are shown in Fig. 1. 
The technology used for these structure is based 
on a standard metal-gate CMOS technology for 
the Al,03-Si02 dual gate FETs [A, with the 
following modifications. 

1. The first step in the BSC-ISFET technology 
is the anisotropic etching of the silicon from the 
reverse side of the wafer, to fabricate 15 f 2 pm 
thick membranes. 

2. As refractory metal for the connection be- 
tween the backside holes and the source and drain 
regions TiSiz, TaSi,, TiW and W were investi- 
gated. 

3. The refractory metal layer was passivated 
with either plasma deposited SiOz (plasma-oxide) 
or low temperature oxide (LTO). 

After connecting the n + -source/drain regions 
to the p+-backside contacts using the refractory 
metal layer we deposited the final passivation 
layer consisting of a 1.0 pm plasma-oxide and 
1200 A CVD-A1203, which is the pH-sensitive 
layer. A MAOSFET is integrated on the chip for 
on-wafer testing and to be able to measure the 
ISFET in a differential mode with the MAOSFET 
PI* 
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MAOSFET- BSC and p’ -Contact Teststructure 

Fig. 1. Cross sections of the indirect backside contacted 
ISFET, an equivalent MAOSFET and the integrated reference 
electrode (IRE): (a) ISFET-BSC and IRE, (b) MAOSFET 
and p+-contact test structure. 

The source of the MAOSFET is also backside 
contacted to provide a p+-contact test structure. 
Thus, a double metal process had to be developed 
for this MAOSFET-BSC: 
- 1. Metal: refractory metal (TiSi,, TaSi,, W or 

TiW) 
- 2. Metal: aluminium 

Refractory Metal 
For our ISFET process, the refractory metal 

has to fulfil the following properties: 
_ medium sheet resistance: l-5 Q/O 
- good step coverage over 1 pm oxide steps 
- smooth metal border steps after patterning to 

allow good step coverage of the oxide protec- 
tion layer 

- the metal has to withstand the deposition of the 
CVD-A1,03 at 900 “C in an oxidising atmo- 
sphere 
It is known that the electrical and mechanical 

properties of refractory metals depend strongly on 
the deposition conditions and thermal treatments 
[9]. During our experiments, especially the sili- 
tides appeared to depend critically on the thermal 
treatment after depositon. The layers were formed 
using the following conditions. 

TiSi, and TaSi, layers were deposited in a 
sandwich structure in an evaporating system Uni- 

Fig. 2. SEM picture showing the step coverage of a 
0.2 pm TiSi, layer over 0.5 pm thermal silicon oxide. 

vex 450 of Leybold, W layers were evaporated 
with an e-gun and TIW layers were co-sputtered 
in a magnetron sputter system BAS450 PM of 
Balzers. All investigated metals showed a s&i- 
ciently low resistivity, measured on a meander 
test structure with I/b = 1850. 

All four refractory metals except W showed a 
good step coverage. A typical result is shown in 
Fig. 2 for 0.2 pm TiSi, over a 0.5 pm oxide step. 
However, the lift-off process, used to pattern the 
TiSi, and TaSi, layers, resulted in vertical steps 
that could not completely be covered with a pro- 
tecting oxide layer. This caused particular oxida- 
tion of the silicides during the A&O3 deposition. 
TiW layers showed a good step coverage and 
could also be well protected by a 1 pm protecting 
oxide layer. 

Anisotropic Etching and p+-Doping of the 
Si Membrane 

On a double-side polished silicon wafer (n- 
type 3-5 R cm orientation ( 100) and 380 pm 
thick) an 8000 8, thick oxide layer is grown and a 
1500 A LPCVD S&N, layer is deposited on both 
sides of the wafer. Then the openings of the 
backside contact holes are made. The remaining 
nitride acts as a masking layer during the etching 
of the holes in a 40% KOH at 60 “C. 

The wafer is etched in four steps to 15 pm, 
leaving a membrane of about 50 pm x 50 pm at 
the bottom of the hole. A control of the mem- 
brane thickness is performed during etching 
at 100, 60 and 30 pm because the etch rate 
changes with time. When carefully processed, this 
method allows a thickness control of f 1 pm. 
With thickness variations on the wafer of 
&- 1.5 pm, this leads to a membrane thickness 
between 13 and 17 pm over one wafer. Figure 3 



Fig. 3. SEM picture showing the cross section of the 14 pm 
thick silicon membrane used for the backside contact. 

shows a SEM of the cross section of a 14 pm 
silicon membrane. 

The p+-implantation process at the frontside 
of the wafer is identical with the standard guard 
ring implantation, and an additional p+ -implanta- 
tion or a doping from boron doped LTO was 
performed at the reverse side of the wafer. The 
SUPREM simulation resulted in a junction 
depth of more than 10 pm for all these different 
p+ -dopings, after diffusion ( 1160 “C, 900 min, 
in a nitrogen atmosphere). The results of the 
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SUPREM simulations for the front- and backside 
implantation were combined to give a composite 
profile for the whole membrane. 

The SUPREM simulation of the double side 
boron implantation at a 17 pm thick membrane is 
presented in Fig. 4, with the guard ring implanta- 
tion boron (D = 4E 15 atom cm’, E = 40 keV) 
and a boron implantation (D = 6E 15 atoms/cm*, 
E = 80 kev) from the reverse side of the wafer. It 
is shown that a junction-free, highly boron doped 
silicon membrane is achieved. 

Characterisation 
The electrical characteristics of standard and 

backside contacted ISFETs are comparable to 
those of their equivalent MAOSFETs [4,7’j. 
Therefore the MAOSFET is a useful structure for 
studying some critical aspects of the backside 
contact ISFET technology. 

In a first run 700 8, TiW was used as refractory 
metal and 1.0 pm thick plasma-oxide for the 
protection layer. SEM pictures of the backside 
ISFETs and MAOSFETs are shown in Fig. 5. 
The overall dimension of the chip is 1.50 mm x 
0.75 mm. 

Typical ID - Vo curves for the standard MAOS- 
FET and the BSC-MAOSFET of the same wafer 
are shown in Fig. 6. The channel is cut off at 
V, = 0 V in either case. The threshold voltage Vr 
(standard: 1.2 V and BSC: 1.1 V) and the working 
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Fig. 4. SUPREM simulation for the double side boron implantation of 17 pm thick silicon membrane. 
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Fig. 5. SEM picture of the topside of the backside contacted 
ISFET-BSC (a) and its equivalent MAOSFET-BSC (b). 

point at Zb = 100 PA (standard: 2.1 V and 
BSC : 1.9 V) are nearly identical. These values are 
comparable to those measured on MAOSFETs 
processed with the standard technology. The gain 
of the backside MAOSFETs is reduced due to a 
substantial sheet and contact resistance of the 
TiW layer to the n+- and p+-doped silicon. After 
dicing of the wafer, contact wires are glued into 
the contact holes with a conductive epoxy resin, 
and the sensor is ready for the pH measurement. 

In a second run 0.2 ,um TiW was used for the 
refractory metal with a 0.4 pm thick LTO protec- 
tion layer. Moreover, in this case the threshold 
voltage, I’, = 3.33 V, for the MAOSFET-BSC 
was shifted positively compared to the process 
with the plasma-oxide protection layer. This 
threshold shift, probably due to charges intro- 
duced in the gate region, makes this process there- 
fore less attractive. 
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Fig. 6. ID - V, characteristics of MAOSFETs, after the back- 
side process with TiW, for different drain to source voltages. 
V,, = 0.5, 0.75, 1.0 and 1.25 V: (a) MAOSFET standard, (b) 
MAOSFET-BSC. 

Technology of Direct Backside Contacted ISFETs 

Design 
To avoid the disadvantage of the delicate re- 

fractory metal deposition process, a concept for 
direct contacting of the source and drain region 
via backside contacts is investigated as an alterna- 
tive process. A cross section of the direct backside 
contacted ISFET together with an on chip inte- 
grated reference electrode is shown in Fig. 7. The 
first process step is again the etching of a 14 pm 
thick membrane from the backside of the silicon 
wafer. After this and the p- and n+-doping of the 
membrane, the ISFETs are processed on the 
frontside of the wafer with the planar ISFET 
technology. 

Using the existing mask layout, the area of the 
source/drain region has to be extended to allow 
the contact from the backside of the wafer. This 
requires a change of the geometry for the implan- 
tation masks of the multifunction chip. 
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Fig. 7. Cross section of the direct backside contacted ISFET 
and the integrated reference electrode (IRE). 
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(b) 
Fig. 8. Layout of the 3 topside implantation masks for the 
direct backside contact ISFET: p-well (21) p+-guard ring (22) 
and n+-source/drain (24). (a) ISFET-BSC, (b) test structure 
n+- and p-backside contact. 

Figure 8 represents the layout of the implanta- 
tion masks for the ISFET-BSC and test structures 
for the n+- and p-backside contacts. The overall 
dimension of both chips is 1.50 mm x 0.75 mm. 

Deep n +-Doping of the Silicon Membrane 
The backside process should be compatible with 

our planar CMOS ISFET process with a shallow 
n+-p junction of 2.5 pm in the source/drain re- 
gion. For a silicon membrane of 14 pm, a long 
diffusion should drive the phosphorus, doped from 
the reversed side of the wafer, at least 12 pm into 
the silicon to reach the source/drain region, with- 
out forming an intermediate n-p-n junction. 

The simulation of the oxidation-enhanced 
phosphorus diffusion from a POCl, source was 
compared to spreading resistance results. 

We estimated the initial concentration to be 
5% phosporus at the surface. The SUPREM 
simulation resulted in a junction depth of 
18.5 pm after a long n-diffusion (T = 1150 “C, 
t = 2160 min in nitrogen atmosphere), in contrast 
to the measured junction depth of 12 pm (Fig. 9). 
To measure the n+-p junction at the backside, an 
extra boron implantation is required. The rcsult- 
ing boron concentration profile is similar to that 
of the indirect backside contact with reduced val- 
ues for the concentration. 
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Fig. 9. Doping protile of a ptype silicon wafer after doping 
with gaseous POCK, and a deep n+ditTusion: (a) SUPREM 
simulation with EPIT model, (b) spreading resistance measure- 
ment of l * ASR-IOOB. 
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Conclusions 

Two different technologies to fabricate back- 
side contacted MAOSFETs and ISFETs have 
been realised and compared. Both alternatives 
have one particularly critical step: with the direct 
backside contact this is the refractory metal depo- 
sition, and with the indirect backside contact it is 
the complicated double backside diffusion. For 
the indirect BSC process, the combination of TiW 
as refractory metal with plasma-enhanced de- 
posited oxide as insulating layers appears to give 
satisfying results. The feasibility of both processes 
has been proved, and, more important, it has been 
shown that both processes are, apart from the 
anisotropic etching of the contact holes, compat- 
ible with the standard CMOS ISFET process. The 
electrical characteristics of MAOSFETs processed 
in both technologies show comparable values for 
the threshold voltage V, as well as the value of 
Vo, at the working point. 
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