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(57) ABSTRACT 

The invention relates to a SOI deep depletion MOS transis 

tor provided in a thin silicon layer (5) adjoining a surface (4) 
of a silicon body (3) and insulated from a silicon substrate 

(7) by a buried oxide layer The channel region (13) of 
a ?rst conductivity type is provided With at least one and 

preferably a plurality of Zones (16) of the opposite conduc 
tivity type adjoining the surface to remove minority carriers 
from the interface betWeen the channel and the gate oxide 

(15). The Zones (16) extend across the Whole thickness of the 
channel and adjoin the buried oxide at the side of the channel 

remote from the gate dielectric. Due to this construction, 
minority carriers are removed also from the rear side of the 

channel. This enables the transistor to be operative also at 

high voltages having values at Wh1Ch the substrate and the 
buried oxide operate as a second gate and as a second gate 

dielectric, respectively. The transistor may be used to advan 
tage in high-voltage ICs comprising a loW-voltage circuit 
part operated With a low supply voltage generated by the 
transistor. 
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SEMICONDUCTOR DEVICE 

[0001] The invention relates to a semiconductor device 
With a MOS transistor of the depletion type comprising a 
semiconductor body With a semiconductor layer of a ?rst 
conductivity type adjoining a surface of said body, a semi 
conductor substrate situated at the side of the semiconductor 
layer facing aWay from the surface, and a layer of electri 
cally insulating material, referred to as insulating layer 
hereinafter, disposed betWeen the semiconductor layer and 
the semiconductor substrate, Which semiconductor layer is 
provided With a source and a drain in the form of surface 
Zones of the ?rst conductivity type Which are mutually 
separated by an interposed channel region of the ?rst con 
ductivity type, While the surface is covered With a gate 
dielectric on Which a gate electrode is provided. Such a 
device is knoWn, inter alia, from the patent document US. 
Pat. No. 4,611,220. 

[0002] Transistors of the kind described above, in Which 
the conduction betWeen the source and the drain is con 
trolled by means of a depletion region in the channel induced 
by the insulated gate, are often denoted deep depletion MOS 
transistor in the literature. If the transistor is of the n-channel 
type, a voltage of 0 V or loWer With respect to the source is 
usually applied to the gate. Given a suf?ciently high drain 
voltage, the depletion region at the drain side of the channel 
Will expand to the extent that the channel is pinched, so that 
the current betWeen source and drain rises no further upon 
a further increase in the drain voltage. This (current-inde 
pendent) voltage Will be referred to as the pinch voltage 
beloW. 

[0003] Such transistors may advantageously be used as 
voltage reducers in the supplies of, for example, integrated 
circuits. High-voltage circuits (or high current circuits) are 
often used in a common silicon crystal in so-called Smart 
PoWer IC processes, in combination With control circuits 
Which are operated at loW voltages or considerably loWer 
voltages than the high-voltage components. These loW 
voltage circuits often require a much loWer supply voltage 
than the externally supplied voltage for the integrated cir 
cuit, for example the recti?ed mains voltage. The pinch 
voltage of the deep depletion MOS transistor connected as 
a source folloWer can be used for obtaining this loWer supply 
voltage. 

[0004] The patent document US. Pat. No. 4,611,220 cited 
above describes a deep depletion MOS transistor in SOI 
(Silicon On Insulator) technology. The carrier body used in 
the knoWn device is a silicon substrate Which is covered With 
a sapphire layer. The semiconductor layer in Which the 
transistor is formed is an n-type silicon layer Which is 
provided epitaxially on the sapphire layer and is provided 
With strongly doped n-type surface Zones Which form the 
source and the drain. The gate dielectric is formed by a 
silicon oxide layer on Which the gate electrode is provided. 
To prevent inversion occurring at the boundary betWeen the 
channel region and the gate oxide during operation as a 
result of the generation of minority charge carriers,—holes 
in the case of an n-channel transistor—, p-type surface Zones 
are locally provided in the channel region, Which Zones 
extend from the surface over part of the thickness of the 
epitaxial layer into the epitaxial layer. As is described in the 
patent document, an inversion layer Would be formed beloW 
the gate Without these p-type Zones, hampering a satisfac 
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tory operation of the transistor because the thickness of the 
depletion layer cannot or substantially cannot be controlled 
any more by means of the gate voltage after the inversion 
layer has been formed. The inversion layer beloW the gate 
can be prevented through the removal of the holes via said 
p-type Zones. 

[0005] The research on Which the present invention is 
based has shoWn that the transistor cannot or substantially 
cannot be brought into a stable pinch state at higher voltages, 
for example a feW hundreds of volts, also With the use of a 
removal mechanism for minority charge carriers as 
described above. 

[0006] The invention has for its object inter alia to provide 
a deep depletion SOI MOS transistor Which can be operated 
also at higher voltages such that pinching takes place, and 
Which can accordingly be used, for example, for generating 
a loWer supply voltage in integrated high-voltage circuits 
With a high external supply voltage. 

[0007] According to the invention, a semiconductor 
device of the kind described in the opening paragraph is for 
this purpose characteriZed in that the semiconductor layer is 
provided With at least one Zone of the opposed, second 
conductivity type for the purpose of removing minority 
charge carriers from the channel region, Which Zone is 
provided With an electrical connection, forms a pn junction 
With the channel region, and extends transversely across the 
thickness of the semiconductor layer betWeen the surface 
and the insulating layer. 

[0008] The invention is based on the recognition inter alia 
that at higher voltages the (conductive) semiconductor sub 
strate, Which is separated from the channel by a compara 
tively thick insulating layer, also acts as a gate, so that also 
at the other side of the semiconductor layer opposite the 
surface an inversion layer can be formed Which counteracts 
a total pinching of the channel. Since said Zones of the 
second conductivity type in a device according to the 
invention extend across the entire thickness of the semicon 
ductor layer, minority charge carriers can also be removed at 
the boundary betWeen the semiconductor layer and the 
insulating layer at the substrate side, so that the channel can 
be pinched also at higher voltages. 

[0009] A major embodiment of a device according to the 
invention is characteriZed in that the semiconductor layer is 
provided, next to said Zone of the second conductivity type 
Which is referred to as ?rst Zone hereinafter, With a second 
Zone of the second conductivity type Which is situated next 
to the ?rst Zone, Which also extends across the entire 
thickness of the semiconductor layer, Which forms a pn 
junction With the channel region, and Which is separated 
from the ?rst Zone of the second conductivity type by an 
interposed portion of the channel region, the interspacing 
betWeen said Zones in relation to the thickness of the 
semiconductor layer being so great at the area of the channel 
region that pinching of the channel in lateral direction is 
prevented. The Width of the channel can be optimally 
designed in that the channel is provided With tWo or more 
Zones for the removal of minority charge carriers, for 
example With a vieW to the desired current-conducting 
poWer in a certain application of the transistor. The provision 
of the Zones at a suf?ciently great distance from one another 
can prevent then that the channel is pinched in lateral 
direction through depletion of the channel from the pn 
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junctions between the channel and the zones of the opposed 
conductivity type, Which Would make the pinch voltage 
undesirably loW. A further embodiment thereof, Which has 
the advantage of an ef?cient removal of minority charge 
carriers over the entire channel Width betWeen the zones, is 
characterized in that the interspacing betWeen the tWo zones 
is so small that the application of a reverse bias voltage 
across the pn junctions betWeen the zones of the second 
conductivity type and the channel region of the ?rst con 
ductivity type is capable of inducing an electric ?eld With a 
component directed to one of the zones of the second 
conductivity type, Which ?eld extends over the full inter 
spacing betWeen said zones. 

[0010] A further embodiment of a semiconductor device 
according to the invention is characterized in that a drift 
region is situated in the semiconductor layer betWeen the 
channel region and the drain. The drift region raises the 
breakdoWn voltage of the transistor, Which renders the 
circuit suitable for operation at very high voltage values. The 
electric ?eld in the drift region Will drive majority charge 
carriers to the drain, and minority charge carriers generated 
in the drift region Will be driven to the channel region, Where 
they Will be removed through said zones of the opposed 
conductivity type. An embodiment in Which a favorable ?eld 
distribution is obtained in the drift region is characterized in 
that the thickness of the semiconductor layer is smaller at the 
area of the drift region than at the area of the channel region. 
Afurther embodiment is characterized in that, a silicon layer 
being used as the semiconductor layer, the semiconductor 
layer is provided With a silicon oxide layer at the area of the 
drift region, Which silicon oxide layer lies recessed in the 
semiconductor layer over at least a portion of its thickness. 
A further improvement of the ?eld distribution in the drift 
region is obtained in an embodiment Which is characterized 
in that the doping concentration in the drift region increases 
in a direction from the source to the drain. Reference is made 
to the patent US. Pat. No. 5,300,448 in this connection, in 
Which a SOI high-voltage transistor With such a drift region 
is described. 

[0011] Preferably, a ?eld plate is provided above the drift 
region, Which renders possible, as is knoWn, a better com 
bination of a high breakdoWn voltage (for example With the 
resurf effect) and a loW on-resistance. Afurther embodiment, 
in Which a more or less symmetrical ?eld distribution is 
obtained, is characterized in that the distance betWeen the 
?eld plate and the drift region is equal or at least substan 
tially equal to the distance betWeen the drift region and the 
semiconductor substrate. 

[0012] The zone (or zones) of the second conductivity 
type is (are each) provided With a separate contact for the 
removal of minority charge carriers. Amajor embodiment of 
a semiconductor device according to the invention is char 
acterized in that the zone or zones of the second conductivity 
type is or are conductively connected to the gate electrode. 
The ?eld plate may also be conductively connected to the 
gate electrode in this case. In alternative embodiments, 
different voltages are applied to the gate and to the ?eld 
plate, in Which case it may be advantageous to apply the 
same voltage to the zones removing the minority charge 
carriers and to the ?eld plate. A further embodiment is 
accordingly characterized in that the zone or zones of the 
second conductivity type is or are conductively connected to 
the ?eld plate. 
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[0013] These and other aspects of the invention Will be 
explained in more detail beloW With reference to an embodi 
ment. In the draWing: 

[0014] FIG. 1 is an equivalent diagram of a circuit com 
prising a transistor according to the invention; 

[0015] FIG. 2 is a diagrammatic plan vieW of a semicon 
ductor device according to the invention; 

[0016] FIG. 3 is a cross-sectional vieW of this device 
taken on the line III-III in FIG. 2; 

[0017] FIG. 4 is a cross-sectional vieW of this device 
taken on the line IV-IV in FIG. 2; 

[0018] FIG. 5 is a cross-sectional vieW of this device 
taken on the line V-V in FIG. 2; and 

[0019] FIG. 6 is a graph plotting the doping pro?le in the 
drift region of the transistor of FIG. 2. 

[0020] It is noted that the draWing is diagrammatic and not 
true to scale. The plan vieW of FIG. 2 only shoWs the metal 
source and drain contacts, the ?eld plate, and the zones for 
the removal of the minority charge carriers. Other regions, 
such as the source and drain zones and the polycrystalline 
gate, have been left out to keep the draWing clear. It is further 
noted that, although the invention is explained With refer 
ence to an n-channel transistor beloW, it may be equally 
advantageously applied to p-channel transistors. 

[0021] A transistor according to the invention may be 
advantageously used in integrated high-voltage circuits in 
Which part of the circuit is operated at a comparatively loW 
supply voltage. In FIG. 1, H represents the high supply 
voltage, for example 600 V, and L the loW voltage, for 
example ground. The loW-voltage circuit is represented by 
the load 1 and requires a supply of, for example, 25 V. This 
voltage is delivered by the depletion ?eld effect transistor T 
Whose drain is connected to the high voltage H and Whose 
source is connected to a junction point 2 Which is connected 
to ground via the load 1 (source folloWer mode). The gate of 
the transistor is connected to a loW reference voltage, for 
example ground. The transistor adjusts itself such that the 
voltage at the junction point 2 is equal to or at least 
practically equal to the pinch voltage. Given a correct 
dimensioning of the transistor, a suitable value can be 
obtained for the pinch voltage, i.e. 25 V in the present 
example. 

[0022] The device shoWn in FIG. 1 may in its entirety or 
partly form part of an integrated circuit of Which FIGS. 2 to 
5 only shoW that portion Which contains the transistor T. The 
circuit comprises a semiconductor body 3, in this example 
made of silicon, With a semiconductor layer 5 of a ?rst 
conductivity type, of n-type silicon in this example of an 
n-channel transistor, adjoining the surface 4. The thickness 
and the doping concentration of the layer 5 are, for example, 
1 to 1.5 pm and 1016 to 5x1016 atoms per cm3. The silicon 
layer 5 is bounded at the side opposed to the surface 4 by a 
layer 6 of electrically insulating material Which insulates the 
silicon layer 5 from the subjacent silicon substrate 7. The 
substrate 7 is preferably n-type doped. The layers 5 and 6 
form a SOI (Silicon On Insulator) structure Which may be 
manufactured in various Ways Which are knoWn per se. Thus 
the layer 6 may be formed, for example, by a layer of 
aluminum oxide (sapphire) on Which the silicon layer 5 is 
epitaxially groWn. Other techniques Which may advanta 



US 2001/0011747 A1 

geously be used are “smart cut” and “Wafer bonding” 
techniques, whereby tWo crystals, of Which at least one is 
provided With an oxide layer, are fastened to one another, 
Whereupon the silicon layer 5 can be manufactured from one 
of the crystals through etching or polishing. In the present 
example, the insulating layer 6 is formed by a buried layer 
of silicon oxide Which is obtained in a knoWn manner by a 
smart cut technique. The thickness of the layer 6 is approxi 
mately 3 pm. 

[0023] Islands Which are mutually electrically insulated, 
for example by means of regions 8 of silicon oxide extend 
ing transversely across the thickness of the silicon layer 5, 
are formed in the layer 5. The transistor comprises a source 
in the form of a strongly doped n-type surface Zone 9 and a 
drain in the form of a strongly doped surface Zone 10. The 
source and the drain are connected to a metal contact 11 and 
a metal contact 12, respectively. As is evident from FIG. 2, 
the drain lies around the source in this embodiment, but it 
Will be obvious that alternative con?gurations are equally 
possible. A channel region 13 formed by a portion of the 
island-shaped n-type silicon layer 5 is situated betWeen the 
source 9 and the drain 10. A gate 14 in the form of an n-type 
doped polycrystalline silicon layer, referred to as poly for 
short hereinafter, is provided above the channel region. The 
channel and the gate are separated from one another by a 
layer 15 of silicon oxide Which forms the gate dielectric of 
the transistor. The thickness of the oxide layer 15 is approxi 
mately 0.8 pm in the present example of a high-voltage 
transistor. Some other suitable material may be chosen 
instead of silicon oxide for the gate dielectric. 

[0024] The transistor forms a depletion MOS transistor in 
Which a depletion region is induced in the channel by a 
negative voltage (With respect to the source) at the gate 14, 
Which controls the conduction betWeen source and drain. 
When the depletion region pinches the channel at a suf? 
ciently high voltage at the drain, the transistor is in the pinch 
state, Which is used in the application shoWn in FIG. 1. To 
prevent inversion occurring at the boundary betWeen the 
channel 13 and the gate oxide 15 and at the boundary 
betWeen the channel 13 and the buried oxide layer 6 in this 
state, the n-type silicon layer 5 is provided With at least one 
p-type Zone 16 Which forms a pn junction 17 With the 
channel and Which extends transversely across the thickness 
of the channel 13. To obtain an ef?cient charge removal for 
any Width of the channel, adapted to the speci?c application, 
a number of Zones 16 distributed over the channel Width are 
provided in the semiconductor layer. As is visible in FIG. 2, 
most of these Zones are rectangular in shape; the Zones 16 at 
either end of the transistor have a curved shape and cover the 
entire bend in the channel. This, hoWever, is not necessarily 
the case; it is alternatively possible for small Zones 16 to be 
formed at the ends, mutually separated by portions of the 
channel. The shape of the Zones 16 at either end as shoWn 
here has certain advantages for design technology Which 
arise from the chosen oval shape of the transistor. In an 
embodiment in Which the transistor is not oval but, for 
example, rectangular, it is obvious that mutually separated 
Zones 16 may be used at the ends. To prevent the pinch 
voltage being determined by depletion caused by the Zones 
16 (as in a junction ?eld effect transistor), the Zones should 
be situated at suf?ciently great distances from one another, 
as compared With the channel thickness. On the other hand, 
the Zones 16 are preferably situated so closely together, for 
an ef?cient removal of minority charge carriers, that a small, 
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laterally directed ?eld is present across the entire Width of 
the channel, such that holes drift toWards the Zones 16. In the 
present example With a channel thickness of 1 pm, a value 
of 15 pm Was chosen for the interspacings betWeen the Zones 
16, Which Was found to be a favorable value Which satis?es 
both conditions set out above. 

[0025] The transistor is provided With a drift region 18 
betWeen the channel 13 and the drain 10 With a length of, for 
example, 70 pm in vieW of the high voltages Which may be 
applied to the drain. The semiconductor layer 3 is provided 
With a thinned portion at the area of the drift region, in this 
example formed in that the layer 5 is oxidiZed through a 
greater portion of its thickness than at the area of the channel 
13. The oxide layer 19 above the drift region 18 has a 
thickness of approximately 2.0 pm and is accordingly sub 
stantially thicker than the silicon oxide layer 15 Which forms 
the gate dielectric of the transistor and Which has a thickness 
of approximately 0.8 pm. A further silicon oxide layer 20, 
for example in the form of a deposited TEOS layer, is 
provided on the gate electrode 14 and the oxide layer 19, on 
Which layer 20 a metal ?eld plate 21 is provided. The 
function of such a ?eld plate, Which provides a higher 
breakdoWn voltage in combination With a loW on-resistance 
through an improvement in the ?eld distribution, is knoWn. 
The ?eld plate is connected to the gate 14 and to the p-type 
Zones 16 through contact WindoWs in the oxide layer 20. The 
gate voltage is accordingly applied to the ?eld plate 20 and 
the p-type Zones 16. Obviously, the Zones 16 and/or the ?eld 
plate may also be connected to other junction points in the 
circuit, such that other voltages are applied to these regions. 
The source and drain contacts 11 and 12 are also provided 
in the oxide layer 20 via contact WindoWs. The ?eld plate 21 
may be formed at the same time as the metal contacts 11 and 
12. 

[0026] The thickness of the silicon oxide layer 20 is 
approximately 0.5 pm. The total thickness of the layers 19 
and 20 is accordingly approximately 2.5 pm and is thus 
equal or at least substantially equal to the thickness of the 
buried oxide layer 6. Since equal or substantially equal 
voltages are applied to the gate electrode and the substrate 
7 during operation, an electrically substantially symmetrical 
situation is obtained by means of the equal oxide thick 
nesses, Which is favorable for the electric ?eld distribution 
and thus for the breakdoWn voltage of the transistor. A 
further improvement may be obtained in that the drift region 
18 is provided With a pro?led doping Whose concentration 
increases linearly in the direction from the source to the 
drain. This is shoWn in the graph of FIG. 6. In this Figure, 
the points A and B indicate the boundaries of the drift region 
at the channel side and at the drain side, respectively, of the 
drift region. The concentration (approximately 1016 per cm3) 
is comparatively loW at point A and corresponds to the 
background concentration of the layer 5 there. The concen 
tration at point B is, for example, 1017 per cm3. Reference is 
made to the patent document US. Pat. No. 5,300,448 for the 
manufacture and the function of the doping pro?le in the 
drift region of a SOI high-voltage transistor. 

[0027] A high voltage of, for example, 500-800 V is 
applied to the drain during operation. The gate electrode 14 
and the substrate 7 are jointly connected to ground or some 
other reference voltage. Given a pinch voltage of, for 
example, 25 V, the source of the transistor connected to the 
circuit With a supply voltage of approximately 25 V Will 
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adjust itself to a voltage somewhat loWer than 25 V. The 
remainder of the voltage is across the depleted channel and 
drift region, Which accordingly have a positive potential 
With respect to the gate 14 and the substrate 7. The p-type 
Zones 16 prevent the formation of inversion layers at the 
boundaries betWeen the channel 13 on the one hand and the 
oXide layers 15 and 6 on the other hand at the loW voltage 
present at the gate 14 and the substrate 7. This renders it 
possible to adjust the pinch voltage of the transistor to a 
desired value through the design, Within a limited region. 

[0028] The device may be manufactured by means of 
techniques Which are knoWn per se to those skilled in the art 
and Which Will not be eXplained in any detail here. 

[0029] It Will be obvious that the invention is not limited 
to the embodiment described here but that many more 
variations are possible to those skilled in the art Within the 
scope of the invention. Thus the Zones 16 may alternatively 
be connected to the gate electrode or may be provided With 
a separate contact. It is also possible for the ?eld plate 21 to 
be provided With a separate contact instead of being con 
nected to the gate electrode. The p-type removal Zones 16 
may be placed so closely together that they are capable of 
loWering the pinch voltage Without pinching the channel in 
lateral direction. 

1. A semiconductor device With a MOS transistor of the 
depletion type comprising a semiconductor body With a 
semiconductor layer of a ?rst conductivity type adjoining a 
surface of said body, a semiconductor substrate situated at 
the side of the semiconductor layer facing aWay from the 
surface, and a layer of electrically insulating material, 
referred to as insulating layer hereinafter, disposed betWeen 
the semiconductor layer and the semiconductor substrate, 
Which semiconductor layer is provided With a source and a 
drain in the form of surface Zones of the ?rst conductivity 
type Which are mutually separated by an interposed channel 
region of the ?rst conductivity type, While the surface is 
covered With a gate dielectric on Which a gate electrode is 
provided, characteriZed in that the semiconductor layer is 
provided With at least one Zone of the opposed, second 
conductivity type for the purpose of removing minority 
charge carriers from the channel region, Which Zone is 
provided With an electrical connection, forms a pn junction 
With the channel region, and eXtends transversely across the 
thickness of the semiconductor layer betWeen the surface 
and the insulating layer. 

2. A semiconductor device as claimed in claim 1, char 
acteriZed in that the semiconductor layer is provided, neXt to 
said Zone of the second conductivity type Which is referred 
to as ?rst Zone hereinafter, With a second Zone of the second 
conductivity type Which is situated neXt to the ?rst Zone, 
Which also eXtends across the entire thickness of the semi 
conductor layer, Which forms a pn junction With the channel 
region, and Which is separated from the ?rst Zone of the 
second conductivity type by an interposed portion of the 
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channel region, the interspacing betWeen said Zones in 
relation to the thickness of the semiconductor layer being so 
great at the area of the channel region that pinching of the 
channel in lateral direction is prevented. 

3. A semiconductor device as claimed in claim 2, char 
acteriZed in that the interspacing betWeen the tWo Zones is so 
small that the application of a reverse bias voltage across the 
pn junctions betWeen the Zones of the second conductivity 
type and the channel region of the ?rst conductivity type is 
capable of inducing an electric ?eld With a component 
directed to one of the Zones of the second conductivity type, 
Which ?eld eXtends over the full interspacing betWeen said 
Zones. 

4. A semiconductor device as claimed in any one of the 
preceding claims, characteriZed in that a drift region is 
situated in the semiconductor layer betWeen the channel 
region and the drain. 

5. A semiconductor device as claimed in claim 4, char 
acteriZed in that the thickness of the semiconductor layer is 
smaller at the area of the drift region than at the area of the 
channel region. 

6. A semiconductor device as claimed in claim 5, char 
acteriZed in that, a silicon layer being used as the semicon 
ductor layer, the semiconductor layer is provided With a 
silicon oXide layer at the area of the drift region, Which 
silicon oXide layer lies recessed in the semiconductor layer 
over at least a portion of its thickness. 

7. A semiconductor device as claimed in claim 6, char 
acteriZed in that the gate dielectric also comprises a layer of 
silicon oXide Which lies recessed in the semiconductor layer 
over at least part of its thickness and Which has a thickness 
Which is smaller than the thickness of the silicon oXide layer 
at the area of the drift region. 

8. A semiconductor device as claimed in any one of the 
claims 4 to 7, characteriZed in that the doping concentration 
in the drift region increases in a direction from the source to 
the drain. 

9. A semiconductor device as claimed in any one of the 
claims 4 to 8, characteriZed in that a conductive electrode 
forming a ?eld plate for raising the breakdoWn voltage of the 
transistor is provided above the drift region. 

10. A semiconductor device as claimed in claim 9, char 
acteriZed in that the distance betWeen the ?eld plate and the 
drift region is equal or at least substantially equal to the 
distance betWeen the drift region and the semiconductor 
substrate. 

11. A semiconductor device as claimed in any one of the 
preceding claims, characteriZed in that the Zone or Zones of 
the second conductivity type is or are conductively con 
nected to the gate electrode. 

12. A semiconductor device as claimed in any one of the 
claims 9 to 11, characteriZed in that the Zone or Zones of the 
second conductivity type is or are conductively connected to 
the ?eld plate. 


