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Cribs Paper 8 - Section E v )

13 (a) and (b) LL‘L‘H R
— —

/222 = N

+ s ) SRV 2v.x]

Positive and Negative Resist

Photoresist is a radiation sensitive compound. They can be classified as positive or
negative, depending on how they respond to radiation.

For positive resists the exposed regions become more soluble and thus more easily
removed in the development process. The net result is that patterns formed in the
positive resist are the same as those on the mask. For negative resists the exposed
regions become less soluble and the patterns formed in the negative resist are the
reserve of the mask patterns (see above figures).

Depth of field - the region over which the image remains in focus. If variation in.
height of the surface is > depth of focus then get degradation of image.

Resolution - minimum feature size that can be reproduced repeatedly.

(i) UV optical exposure is the standard industrial process. High throughput and whole
wafer exposure is possible.

The spectrum from a typical mercury UV lamp shows the strongest emission at A =~
365 nm. The practical limit in UV lithography however is diffraction at the edges of
the mask used for contact printing.

eg 0.5 microns for 365 nm radiation

(ii) E-beam exposure is a well developed but expensive process. Serial exposure
using an e-beam focused to a small spot of typical diameter 0.1 micron. The desired
pattern is traced using raster or vector scan. Low throughput.

Q/'bQOA-.

h

eg For30keV A4 =

1

(2mE)?

LN ol

thus A=7x10"m
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The practical limit in e-beam lithography is NOT the diffraction limit to the spot
because the wavelength is so small but the scattering of secondary electrons which
expose the resist when they are reflected as shown in the diagram.

(iii) X-ray lithography is new technology which can expose whole wafers and therfore
is capable of high throughput BUT it is in its infancy and still numerous problems to
be overcome.

The practical limit in X-ray lithography may be =~ 0.1 micron determined by the range
of secondary electrons produced in the resist but at present the main problem is how
to make an effective, stable mask.

Resolution = (9—2) ~ 0.4 pm
NA

Depth of focus = ——

~2.77 um
(Na)’ g

Resolution not good enough therefore use shorter wavelength light if
photolithography to be used or X-ray or .....

Depth of focus also not good enough therefore would use step and repeat or other
lithography process.

14. a) Electron diffraction by crystal. Line spectrum of optical emission by atoms -
Bohr atom.

b)E=0.1.1.6.10""7J

E = (WA)*/2m

A =hA\2m’'E = 6.6. 10°44(2.0.9.10°°.0.1.0.1.1.6.10™%) = 1.3.10°m
c) classical - reflection by the barrier

quantum - finite probability of tunnelling, because the KE is positive again on the
RHS of barrier.

d) LHS w = A exp(jkx) + B exp(-jkx)
(incoming + reflected wave)

inside barrier
w=C exp (-k’x) + D exp(k’x)
(right going evanescent wave + reflected evanescent wave)

RHS outside barrier
w=TF exp (jkx)
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A, B, C, D, F all real constants to be found by setting continuity conditions y and
dy/dx being continuous across each junction barrier.

k=v2m'/E)/ i,k =V2m [V-E])/h
Tunnelling probability = FY/A?
Probability drops by factor e? when Lk’ = 1. kK’ ~ 10® m-1, from above. So L = 10°m.

15. n= 0.1m°/V.s
Vinax = 10°m/s

a) Sketch shows linear increase of velocity with field E, until v = 10° m/s and
E = 10° V/m, above which v is flat, at v,,,.

b)
V=2V

Assume velocity is in the scattering limited regime for the moment, then check this.
L=v,.t=10".10"=10"m

E = V/L =2/10° = V/s. This exceeds the threshold for scattering limited regime
which is 10° V/s but is less than Ey,.

c)

\M\IZ/ dmod

Enclosed charge to adepthxis=Q=q. A. x
electric displacement at bottom surface, D =0
By Gauss’ theorem, electric displacement at top surface is

A.D.=Q=q. Ax
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dV =-E.dx
V= IE.dx =— I(q.x/a).dx

=q.H* | 2¢
capacitance per unit area C'=Q/ (V. A); 0O=q.A.H;
so C'=q.A.H/(q.A.H.H/2¢)=2s/H

C=Lw.C

L=10°m, W/L = 10,
soW=10"mand C=10°10°2.10"10°=2.10""F.

d) R=Lp/(W.H), p=0.01 ohms.m
so R =10 10%/(10°.10°) = 10’ ohms
and 7' =RC=2.10". 10° = 2ps.

Thus the simplest RC time constant delay due to an internal device capacitance is less
than the transit time, and the transit time dominates.
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Question 16

1st Part: Description of hashing is bookwork. It is assumed that information is to be
stored and retrieved based on a 'key' (eg a number, a name, etc). The basic principle is
then to use a one-many mapping (called a hash function) to partition the space of
these search keys into a number of subsets. Within each subset, the data is typically
stored in a conventional list or array structure. Given a search key, an item is found
by first locating the subset using the hash function and then making an exhaustive
search for the specific item required (eg by a simple linear search). If each subset is
small, then a linear search is still quite quick. A good answer might also mention the
distinction between closed and open hashing schemes.

The hash function needs to be chosen such that it evenly distributes the data items
amongst the subsets and that it is cheap to compute.

[5 marks /20]

The posed storage problem appears to be different to the examples given in lectures in
that there are two lookup keys: SA and DA. Whilst this would severely complicate
some schemes, using hashing, it only affects the hash function. It does not necessitate
any modifications to the basic data structure.

2nd Part: Data Structure [6 marks /20]

CONST hashmax = ????; { a large prime number }

TYPE Link = “Entry;

Entry = RECORD { linked list of equivalent hash entries }
sa,da: Address;
sc: SecurityCode;
next: Link
END;

HashIndex = 1..hashmax;
HashTable = ARRAY [HashIndex] OF Link; { all NIL initially }

VAR htab: HashTable;

3rd Part: Function [6 marks /20]

FUNCTION LookUp(sa: Address; da: Address) : SecurityCode;
VAR h:HashIndex;

I:Link;
Boolean found;
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BEGIN
h := (sa * da) MOD hashmax + 1; { or similar }
1 := htab[h]; found := FALSE;
WHILE NOT found AND (1 <> NIL) DO BEGIN
found := (sa = 1".sa) AND (da =1".da);
IF NOT found 1 :=1".next

END;
IF found THEN
LookUp = 1".sc
ELSE
LookUp =0
END;

4th Part: Comments [3 marks /20]

The effects of correlation in SA and DA would depend on the design of the hash
function but in general, it will make the allocation of SA/DA pairs to hash lists less
evenly distributed thereby increasing retrieval time. Note however that the "mod
primenumber" operation will minimise the effect of such correlations.

Question 17

a) In a connection-oriented protocol, a connection is first established. This allows the
two communicating systems to retain per-connection state information about one
another thereby enabling error correction, ie requests for retransmission of lost or
corrupted packets identified by a unique sequence number; and data flow control by
indicating how many additional packets or bytes may be sent.

In a connectionless protocol, each packet is an independent event and no state
information is retained about the other end.

The advantage of connection-oriented protocols is that they can provide flow control
and error handling. The advantage of connectionless protocols is simplicity: the lack
of the need to set up a connection and for either end to retain any state information. In
the case of lower layer protocols such state information would need to be maintained
by all the gateways along the route between two end systems. Also Broadcast
schemes are inherently connectionless and are difficult and wasteful to implement in a
connection-oriented framework. [6 marks /20]

b) A transport layer packet consists of the header for this layer, preceded by those for
the lower layers and followed by the data being transferred. This data may in turn
contain header information for higher layers and in the same way, the transport layer
header plus the data is viewed by the layer below (the network layer) as simply data.
The overall packet thus looks like:

| Physical Layer Header |
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| Data Link Layer Header |

| Network Layer Header |

| Transport Layer Header |

| Data |

The physical layer header will typically at most amount to a unique pattern of ones
and zeros used to synchronise the local oscillators at sender and receiver and to
identify the start and end of packets. There may also be a checksum for low level error
detection.

The main essential fields in the next three layers are those associated with addressing
and in ISO/OSI reference model terms identify the Service Access Point (SAP) of the
interface to the layer above. There may also typically be fields giving the length of
the packet and/or header and a checksum for the header and/or complete packet.
Looking at the address fields in more detail:

Data Link Layer - the source and destination MAC (or "hardware") address plus
information to identify the Network Layer protocol.

Network Layer - the source and destination network address (used to route packets
from end system to end system via gateways connecting different physical networks)
plus information to identify the Transport Layer protocol.

Transport Layer - strictly the address information here identifies the Session Layer
SAP but in practice the normally bears a one-to-one correspondance with the
application and thus identifies a particular instance of a particular application, eg a
particular login session. [7 marks /20]

¢) The main function needed of the network analyser is similar to that of the traffic
command described in lectures except that grouping other than by MAC source and
MAC destination address will be required. The specific information needed in each
case is:

i) very like that in the traffic command except that only the source address is of
interest in grouping the packets. The hardware must be set to receive all packets.

ii) this is a similar problem except that we no longer require the hardware to receive
every packet; indeed it may be used in its normal operational mode as it will receive
all broadcasts.

iii) we now need first to use the technique in (i) to identify which computer is causing
the problem and then, as a second separate investigation, group each packet originated
by it by unique transpor layer address (ie unique combination of network layer and
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transport layer header address information). It will not be possible with normal
network interface hardware to do the filtering required in this second stage (this
provides filtering on destination rather than source MAC address) so all packets will
have to be received and then filtered using software. [7 marks /20]

Question 18

In polled mode, the cpu repeatedly tests a status bit to determine when it can write or
read data. In interrupt-mode, the cpu can proceed with other tasks. When the device
is ready for input or output, an interrupt is generated. This causes the current cpu state
to be saved and an interrupt service routine executed. The latter normally terminates
by restoring the cpu state to resume the interrupted program. Polling wastes cpu but

is also fast since it avoids the need to save and restore state information.
[3 marks /20]

The device registers are simply described by Pascal packed records
TYPE Resolution =0..7,

StatusReg = PACKED RECORD
dataReady: Boolean;

errCode: 0..7;
unused: 0..15
END;

ControlReg=PACKED RECORD
reset: Boolean,;
intEnable: Boolean;
xRes: 0..7;
yRes: 0..7
END;

VAR data : Byte @ OFEOOOH,
stat : StatusReg @ OFEOO01H,
cont : ControlReg @ OFEOO1H,

[6 marks /20]

The required interface module would be very simple since all it needs is an
initialisation routine, a function to indicate how many screen presses are available and
a procedure to get the next screen press in the queue, ie

MODULE TouchScreen;
EXPORT
TYPE Position = RECORD
x,y:Byte
END;
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PROCEDURE InitTS(xres, yres: Resolution);

FUNCTION NumTouches: integer;

PROCEDURE GetPosition(VAR pos: Position);
END;

[4 marks /20]

The interrupt service routine simply reads the data register twice and stores a position
in the buffer. Only real problem is what to do about overflow.

CONST buffersize = 100;
VAR buffer : ARRAY[1..100]OF Position;
used,next : Integer;

INTERRUPT PROCEDURE TSInt@0200H;
VAR p:Position;
BEGIN
IF stat.errCode <> 0 THEN error ...;
p-x = data; p.y = data;
IF (used = buffersize) THEN error ...;
buffer[next] = p;
next = next MOD buffersize + 1;
used =used + 1
END;

[5 marks /20]

In a multiprocess environment, an event would be defined for the buffer not empty
condition. When a process calls GetPosition and NumTouches is zero, the process is
sent to sleep. TSInt then sends the buffer not empty event every time it is executed in
order to wakeup any sleeping processes.

[2 marks /20]
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Solutions

1. (a) 1820 kg/m’, 0.99.  (b)39kPa, 133kPa  (d) (i) 44.9°, 35.7°

(ii) 60kPa
(e) 10kPa, -7kPa
3. (a) T=360 kN (b) 316mm
4 Mm..=596.5 kNm
4. (b) ~0.065 kym (d) ~ 12 Hz for a 1% speed fluctuation

5. (b) low-pass ~ 72 Hz
high-pass ~ 3.4 Hz

(c) range ~ 0.5 - 2.5 kNm™' depending on choice of ¢ and 3db
frequency

6. -

7. (c) About 40:1

8. (b)61.2° (c) 69.9° (d) 1084 K, 3.16 (e)2.4

9. (b).88,259.8K (c)(i)514.3 & 92% (ii) 1.49kg/s  (d) 3.3 kg/s

11. () Kg=%g‘g, Ke=1;—;

(d) 9% 10°m, 1.2x10”ms"

12. (¢)h=3.2m

13. Resolution ~ 0.4um, Depthoffocus ~ 2.77um
14. ~10°m

15. L=14, C=2x10"F, R=10’Q



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

