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Abstract

A digital controller for an electron beam lithography

system was designed using microprocessor technology. Due to
the high speed requirements of the system, the hardware con-

tr oller was implemertted using a microprogram sequencer. The

controller was designed as a special purpose computer. The

word length of the controller computer is 40 bits. Twenty—

three of the bits are control bits. The other seventeen bits

are used to determine which word to execute next.

A Z-80A microcomputer was used in the design as an input/

output device. The Z—80A outputs the pattern data. The con—

troller uses that data and sequences the electron beam to

draw the requested pattern. The controller is double buffered

for increased throughput. Since both the controller and the

Z—80A are programmable, the capabilities of the system can

be tailored to the needs of the user.
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Chapter 1 ~ys tern Requirements

Introduction

Integrated circuits are manufactured via a number of

di f ferent  processes. in all of these processes it is neces-

sary at several steps to generate desired patterns on the

substrate used for the integrated circuit. This thesis ad—

dresses controlling on electron microscope to write the pat-

terns directly on the substrate using the focused electron

beam. This technique is known as electron beam lithography.

The scope of this study is limited to the design of the di—

gital controller for a specific hardware configuration.

A scanning electron microscope with laser interferometer

position feedback system is the main componement of the sy-

stem. The electron beam column , the element of the micro— —

scope that generates , focuses, and positions the electron

beam, has two sets of deflection lenses. The pre—lens is used

by the scanning electron microscope for its video display.

The post-lens, which provides a much finer beam focusing ca-

pability , will be used by the controller to position the beam.

The post—lens requires high voltage levels on the order of

±300 volts. These voltage levels are generated by high voltage

amplifiers.

Requirements

There are two high voltage amplifiers (deflection amp-

lifiers) driving the post—lens, one to define each axis (X and Y).

1
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The inputs to the amplifiers are U0 volts , full scale. Con-

sequently , the output of a digital-to-analog converter can

interface directly with the high voltage amplifiers. This

technique will allow points on the substrate to be defined

as X and Y coordinates which can then be converted to the

analog signals that will position the beam to that point.

The electron beam column also has the capability to

turn the beam on and off at very high speeds, referred to as

beam blanking. In actuality the beam is not turned off; a

set of parallel plates deflects the beam into a stopping

aperture located approximately in the middle of the electron

beam column. When beam blanking is not engaged, the electron

beam is allowed to pass through to the lenses. The beam blank-

ing signal will be provided by the digital controller. Beam

blanking, combined with the ability to position the beam to

specific points on the substrate, provides the capability to

generate patterns.

However , if each point of a pattern must be defined , even

the simplest patterns would be cumbersome. Therefore, the re-

quirements for the beam deflection system are as follows:

1) Position the beam via X and Y coordinates.

2) Vector the beam between two points in the
sX , —X , •Y, and —Y directions.

3) Programatically blank the electron beam.

4) Step (move) the beam at variable rates from

250 hertz to 250 kilohertz.

2
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5) Provide variable bit density for X , Y

coordinates from 12 to 16 bits.

6) Convert the digital values to analog signals

of +10 volts full scale.

These requirements are based on the exposure times of the

various resists that are used for pattern generation. How-

ever , the ability to deflect the beam via the post—lens is

not sufficient. The post—lens is only capable of deflecting

the beam two millimeters on a side before the error due to

warping the beam becomes excessive. Therefore, in order to

generate patterns larger than four square millimeters , or

to repeat the pattern several times across a wafer three

inches in diameter , a stage is employed to reposition the

wafer after pattern generation has been completed for the

current deflection field.

The stage for this system is positioned by X and Y step—

per motors. Pulses to the stepper motors must have at least 1

microsecond pulse width and a maximum of 40 kilohertz pulse

frequency. Each pulse corresponds to 2.5 microns. This posi-

tioning is fairly gross compared to the submicron line widths

desired. A laser interferometer monitors the X and Y stage

position. As the stage moves, the laser interferometer gen—

erates a pulse for each .08 microns of movement. These pulses

(UP, 1J1~, DOWN , and DOWN ) have a pulse width of 40 nanoseconds

and a maximum frequency of 4.2 megahertz. Error and restart

signals are provided to monitor the device since precise stage

3
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movement is not possible without the laser interferometer

operational.

Plan of Attack

The approach taken in this thesis was to first deter—

mine the requirements for the electron beam lithography sys-

tern. Originally , construction of the hardware was going to

be included in this thesis effort. However, in order to ad-

dress a solvable portion of the problem during this thesis

period , the scope of the problem addressed by this thesis did

not include the construction of the hardware. r

Results

The paper design of the digital controller and the di—

gital interface boards was accomplished . Portions of the de—

sign were breadboarded to verify critical timing requirements.

The three boards that comprise the digital control ler were

wire—wrapped . However, several minor wiring mistakes resulted

in the inability to test the boards prior to the conclusion

of the thesis.

Conclusion

The preceding paragraphs describe the requirements of

the system to be designed by this thesis. These capabilities

will allow the user to accomplish the tasks envisioned for the

electron beam lithography system today. However, industry is

moving toward finer resolution every day. In order to prevent

the product of this thesis from being obsolete before the
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control system is completed , the design effort was directed

to exceed the requested capabilities and performance require-

ments . The controller was designed with a great deal of flex—

- ibility to accomodate future requirements.
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J 5 

~~~-- 
• 

~~~~~~~~~~~~~~~~~ ~~~~~~~ -~~—~~~—- -_ -  ---~~~~~ -~~~~~~~~~~~~
—

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  —— - .~~-~~~~



_ _ _ _ _ _ _  -

Chapter 2 System Design

Introduction

With the advent of the microprocessor, very small

inexpensive controllers became possible. For the most

part these controllers are used in relatively inexpensive

applications , while more expens ive hardware systems seem

to warrant larger and more expensive computer systems to

control them. The goal of this design effort, therefore
was to employ microprocessor technology in developing a

controller with system capabilities similar to systems

costing 100 times as much .

System Organization

Microcomputer instruction speeds are not sufficient

to use a microcomputer directly as the controller. The re-

quirements for the deflection system stipulate a 250 kilo-

hertz beam step rate. This corresponds to a dwell time of

four microseconds. The jump instruction on most microcompu-

ters takes four microseconds. Since it would require many more

instructions than just the jump to implement a simple control

loop it becomes apparent that current microcomputers are not

fast enough .

This instruction execution speed , however , is for the

macro—instructions. The microcomputer may actually execute

anywhere from Li’ to 20 micro-instructions for each macro-in—

6
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struction. If the micro—instructions were the individual

controller instructions, then the microcomputer could be

used directly. This was the general approach taken in the

design.

A special purpose microprogrammable controller was

designed. To increase performance and decrease the complex-

ity of the microprogrammable portion of the system (hence-

forth called the Micro—controller), a dual—processor system

was employed (See Figure 2—1). A Zilog eight bit micro—corn—

putor , the Z—8OA , is used as the second processor. The Z—80A

is responsible for all data handling while the Micro—controller

is responsible for generating all control signals to sequence

the pattern generation system. The functions necessary for

pattern generation were grouped logically as follows t

1) X Deflection System

2) Y Deflection System

3) Stage Positioning System

L i )  Diagnostics System

The remainder of this chapter will address the design

considerations and choices surrounding each block in Figure 2—1.

The function of the Z—80A microcomputer is data handling.

This includes the generation of pattern data as well as direct—

ing pattern generation by the system using this data. The ~—80A

is the executive of this control system. The menial tasks have

7 
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been delegated to the Micro—controller. The Micro—controller

only performs when and what it is instructed to perform by

the Z—80A.

Therefore , the 1—BOA is responsible for supervising the

work of the Micro-controller. The programs in the 1-BOA use

the pattern data to issue sequences of instructions to the

Micro—controller. As one instruction is completed , the Z—80A

issues a new instruction. When that instruction is completed ,

another is issued until the entire desired pattern has been

drawn.

The various blocks of the control system are double

buffered to increase throughput. The Z—80A fills the primary

controller buffers with the data needed for the next instruc—

tion. When the necessary buffers are filled , the 1—BOA instructs

the Micro—controller to process the data via some specific

microprogram. The primary buffers are then downloaded to the

secondary buffers to be used by the Micro—controller. While

the Micro—controller is processing the current instruction,

the Z—80A can be reloading the primary buffers with data for

the next instruction. When the Micro—controller has completed

the current instruction, the Z—80A can issue the new instruc-

tion and the process repeats until the pattern is complete.

For a more thorough treatment of the software systems required

for the Z—80A see Chapter 8 Software Definition.

Micro—controller

The Micro—controller is the operational heart of the

9 
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control system. Its main function is to generate the control

signals necessary to sequence the various elements of the

control system (excluding the Z—80A). The Micro—controller

is comprised of the following control modules :

1) Controller register decode logic

2) J~us interface

3) Variable Clock H

4) State Generator

5) f~Iicro—store

6) Memory Control Register

7) Micro program sequenc er

8) ~—80A Instruction Interface

Controller Register Decod e Logic

For ease of maintenance all address decode logic for the

control system is located on one board . The main controller

registers are memory mapped as a block of 16 memory locations.

A 12 position dip switch determines the high address of the

block of registers anywhere with in the address space of the

Z—80A. Four input/output ports are also used to complete the

addressing of the control system. Two ports are for the low

and high bytes of the variable clock. One port is for the delay

register, and the last port is for the memory control register.

The port numbers are determined by their respective eight posi—

tion dip switches.

10
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Bus Interface

Since the Z—80A loads buffers in all modules of the con-

trol system , the Z—80A data bus must be available to all mod-

ules. Each board (except Micro—store) uses a pair of SN7LiLS367

bus drivers for the Z—80A data bus. Since these are low—power

Schottky devices , the drain on the bus is minimal. The devices

are enabled at all times so the controller can always read

from the bus. The SN7LI.LS367 is also used for several regis-

ters that output to the Z—80A data bus. The enable signal on

these buffers is controlled by the Z—80A to insure the valid-

ity of the data on the bus and to eliminate timing problems.

Variable Clock

Two design criteria necessitated the design of a system

clock. The first was the requirement for a variable step rate

for the deflection system. Though there are a number of pro-

grammable clocks on the market , none could satisfy the second

criteria, which was the range of clock rates required , from

200 hertz to 250 kilohertz. For these reasons a variable clock

was designed.

The design was kept simple to decrease potential hardware

problems. Like the rest of the control system the variable

clock is double buffered. However, care must be taken with the

timing of data transfer to the primary buffer by the Z—80A.

This will become apparent as clock design and operation is

discussed.

The variable clock is comprised of two 16 bit buffers and

11 
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a 16 bit presettable counter. The counter is configured

as a down counter. The primary buffer Is loaded by the Z—80A

with a desired clock rate. Micro—cod e in the Micro—controller

causes the clock rate to be loaded Into the secondary buffer.

This buffer is connected to the data inputs of the counter.

When the counter reaches zero , the content of this register

is loaded into the counter and the down count sequence starts

again. If the value of the register is zero, the variable clock

operates at the maximum frequency of eight megahertz.

Since this clock drives the whole control system, a

means was needed to vary the clock rate within the same micro—

program execution. Otherwise, certain data set—up tasks, which

could be done at the maximum frequency , would have to be done

at the step rate for that exposure. This could add several

milliseconds to the time to draw each line as opposed to se-

veral microseconds. Since a zero in the register results in

maximum frequency , the clear line for the secondary register

can be set by micro—code in the Micro—controller.

In this way the Micro—controller can perform the various

housekeeping tasks at the maximum frequency and only execute

at the desired step rate during exposure times. It should be

apparent that if the primary variable clock register is re-

loaded at the wrong time , for instance before the Micro—con—

troller has d ownloaded it , the old data could be lost. For

this reason, microprograms should only load the variable clock

register once , and that should be at the start of the micro—

12
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program.

ThIs variable clock is used to sequence the control sy—

stem. However, in order to avoid generating timing signals

with awkward arrangement of one-shots triggered by the system

clock, the variable clock is used to drive a state generator

which provides precise timing signals which are synchronized

to the variable clock.

State Generator

The state generator is used to synchronize the control

system. Consequently, the first design decision to be ad-

dressed was the number of unique non-overlapping periods of

the state generator that were required. Since the state gen—

erator provides the signals necessary to cycle micro—store, -
V

-

at least four periods are needed to generate those timing

signals. Rather than attempt to overlap control signals and

micro—store timing, it was necessary to add four more periods

to the state generator for a total of eight periods. Since

this design is a development effort, the exact nature of the

state outputs are subject to change. Therefore, the state

generator was designed so the state outputs could be easily

altered.

The eight periods of the state generator are generated

by a three—line—to—eight—line decoder fed by a three bit

counter. These decoded outputs are used to set and reset

flip—flops. Each flip—flop represents one of the state out—

puts of the state generator. All the user needs to know to

13
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modify the state output is the period of the state generator

at which the state output changes to a logical one and that

at which the state output changes to a logical zero. Then the

appropriate decoded state generator periods are tied to the

preset or clear inputs of that flip—flop. The state outputs

of the current state generator are shown in Figure 4-1. States

B, C and D are used to generate the timing for micro—store.

Micro—store

Since this design was an initial development effort, the

exact nature of the microprograms was not known. Therefore,

micro—store was implemented as random access memory (RAM). In

this way, the microprograms can be easily modified until the

micro—code has been finalized. At that time electrically pro-

grammable read-only memories can be programmed with the micro-

code to replace the volatile RAM memory . For ease in this

transition , micro—store was implemented on a separate board.

Therefore , in order to change micro—store, the user simply

unplugs one board and plugs in the new one.

The contents of micro—store is the micro—code that drives

the execution of the Micro—controller. In the development

version of micro—store, the micro—code must be loaded by the

Z—80A. The concept of shared memory by two or more processors

is not unusual. However, the word length of memory which the

Z—80A addresses is 8 bits , and micro—store is 40 bits . This

requires that a 40 bit buffer be loaded by the Z—80A as five

eight bit bytes and then written into micro—store. In order

14
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not to confus e micro—store addresses with the Z—8 0A address

space , an address buffer was added . The Z-80A loads the data

buffer then loads the address buffer with the appropriate

micro—store address and writes to micro—store .

The Z—80A does not directly caus e the write—to or read —

from micro—store. The Z—80A sets a flip—flop indicating the

request for the operation. On the next full cycle of the state

generator , the appropriate memory access is accomplished and

the request f l ip—flop is reset. However , the Micro—controller

also addresses micro—store directly . Therein lies a problem

that had to be addressed. A means to arbitrate access to micro—

store had to be developed so that the Z—80A and the Micro—con-

troller did not both attempt to access micro—store simultane-

ously .

Memory Control Register

The arbitration problem was considerably simplified by

the fact that the Z—80A only requires access to micro—store 
V

to load and edit it , while the Micro—controller only accesses

micro—store after it has been loaded . Consequently , one bit

in the control register can identify which processor has con-

trol of micro—store. This bit also doubles as the write pro—

tect for micro—store by making the read/write signE I read—only

while the Micro—controller has control of micro—store.

This procedure only determines what device has control

of micro—store. If the Micro—controller has control, there is

no further problem because micro—store is restricted to read—

15
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only . However , when the Z—8 0A has control , micro—store mus t

be both read and written. The next bit of the memory control

register is used to signal a write. If the bit is set to a

logical one , the next micro—store access by the Z—80A will

be a write. Otherwise , the next micro—store access by the Z—

BOA will be a read .

The last bit of the memory control register is used to

clear all register storage of the control system. This bit

has no effect  on micro—store , when this bit is set to logical

zero, the system is cleared. It also disables the Micro—con-

troller. This bit must be set to a logical one for the Micro-

controller to function . When the Micro—controller has control

of micro—store , the microprogram sequencer can execute the

microprograzns .

Microprogram Sequencer

The Fairchild 911.08 Microprogram Sequencer is the driver

cr ip ~or this module . This chip provides the following capa—

bilities~

1) Pen bit branch address.

2) Unconditional branching.

3) Subroutine calls nested up to four deep. 
. 

-

4) Conditional branching.

The ten bit branch address allows the sequencer to di—

rectly address 1024 words of micro—store. Since the micro—

programs will likely be on the order of several words each,

this amount of addressable memory was deemed sufficient. The

16 
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various means of addressing micro—store provide excellent

flexibility in coding the microprograms. Conditional branch-

ing is accomplished in the same micro—cycle, based on one of

four test inputs. This allows an instruction to loop on itself

until a specific test input is either high or low. For instance,

a single instruction to increment a counter could loop until

the counter equaled zero. This feature will significantly de-

crease the amount of micro—code necessary since it will save

one step on each conditional loop.

The capability to write microprograms as subroutines

will facilitate easier program coding and debugging. It will

also decrease the size of microprograms since routines that

are repeated throughout the software need exist only once as

a subroutine, and not many times as inline code. Restricting

subroutine calls to four deep should not prove to be an un-

reasonable hindrance if it is a hindrance at all.

The 94O~3 has four unconditional branch instructions. Two

signals on the output of the ~4O8 indicate which of the uncon-

ditional branch instructions is decoded . This feature is used

to allow one instruction to reference an add ress register and

the other instructions to reference micro—store. This capa-

bility greatly eased the problem of interfacing the ~—8OA com-

mands to the Micro—controller to execute a particular micro-

program.

An instruction register is loaded by the Z—80A with the

q4O8 instruction to be executed . The instruction should be

17
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either the conditional instruction that references the ad—

dress register or a multi-way branch (See Chapter 8 Software

Definition). The next instruction referenced should then cause

a branch (conditional , unconditional , or subroutine) to the

address in micro—store where the microprogram actually resides.

This technique is known as indirect addressing . A design de-

cision limited the address register to eight bits . Therefore,

only the firs t 256 words of micro—store can be addressed di-

rectly . This poses only a slight inc onvenience since all of

micro—store can be addressed indirectly .

The branch address from micro-store and the address from

the address register are both input to a two—line—to—one—line

multiplexer.  The decoded signal from the Q40b selects either

micro—store or the address register for input . The instruction

input selection to the 0408 required a similar solution .

Z—8 0A Instruction Interface

The system design requires that the Micro—controller re-

main in a halt state until instructed to execute a particular

program . Once instructed by the Z— 80A , it then begins execut-

ing the program . The &—8 0A cannot issue a new instruction un-

til the previous one has been completed . This scheme fits con— 
-

veniently with instruction input selection . Address zero is

the halt state for the Micro—controller. it is not really halt—

ed , but rather looping on word zero which does nothing . When

the h— O OA wants the Micro—controller to execute a particular

18
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microprogram, the Z—80A fills the address register with the

address of the program (or an indirect address to the program)

and loads the instruction register with the appropriate in-

struction.

When the instruction register is loaded, a flip—flop is
set indicating the next micro—instruction is to come from the

instruction register. While that instruction is being executed

the flip—flop is cleared, signifying the next instruction comes
from micro—store. Obviously loading the instruction register

while the Micro—controller is executing could have disastrous

results. To prevent this from happening, the instruction selec-

tion flip—flop can only be set when the Micro—controller is in

the halt state.

Only 17 bits of micro—store are used for the functions

discussed thus far. The remaining 23 bits combine with var-

ious state outputs tQ generate the signals that control the

rest of the hardware.

)( and Y Deflection Systems

These two elements of the control system will be dis-

cussed together since their functions and hence designs are

identical.

The function of the deflection system is to define the

coordinates of a point on the substrate in terms of X and I

binary values. The requirements further stipulated that the

system must be capable of incrementing or clecrementing these

19 
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coordinates at variable bit densities and at varying rates.

variable bit density allows the user to vary the number of

bits that define a deflection field and hence vary the step

size. For instance, if the bit density was 16 bits, then 216

bits define the deflection field , or approximately 65,000

unique points. However, if the bit density was 12 bits then

212 bits define the deflection field as approximately 4 ,000

unique points. Since the deflection field remains the same,

the different bit densities result in varying the increment

size , or step size. The variable rate is accomplished by using

an output of the state generator which is driven by the vari-

able clock. The requirement for variable bit density neces-

sitated the design of a special purpose counter.

The counter must be able to count from bit position zero ,

count from bit position one while holding bit position zero

constant , count from bit position two while holding bits zero

and one constant , count from bit position three while holding

bits zero , one and two constant, or count from bit position

four while holding bits zero, one, two , and three constant.

It must also be capable of counting at a frequency of one meg-

ahertz. There is no counter commercially available that meets

these requirements.

The approach taken was to design a single element of the

counter which could be cascaded . After a bread—board version

of the single element was operational, the deflection counter

was designed. It consists of three SN7II191 binary counters cas—

20
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caded with a four bit version of the variable bit dens ity

counter . The outputs of the counter are input to the digital—

to—analog converter for the appropriate deflection axis .

A multiplexer on the data inputs to the counter selects

between a low address and a high address. When a load signal

is present, the data selected will be loaded into the counter.

The multiplexer is also used to select which address to corn—

pare against the counter for determining end—of—line status.

Since the address registers must still be valid after the

counter is loaded , both address registers are double buffered

for increased throughput.

The X and Y deflection boards are completely independent

except for bit density selection since the same bit density

applies to both the X and Y axis. Consequently, any combina-

tion of increments or decrements of the X and Y deflection

systems is possible. For instance , X can be incremented and

I decremented in the same micro—cycle, or Y can be incremented

while X is held constant . The latter would result in a vertical

line , the former would result in a diagonal line. By various

combinations of X and Y increments lines can be drawn at any

angle. Since the lines are being drawn as increments of X and

I, the lines are not straight but staircased . If the bit den-

sity is selec ted as 16 bits , the staircase effect is minimized

because a least significant bit change in X or I corresponds

to about three one—hundredths of the line width.

The range of the deflection sys tem is two millimeters on

21
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a side. Since wafers can be as much as three or four inches in

d iameter , this would result in much wasted surface area and
greatly limit the size of the devices that could be generated.

To overcome that problem the wafer is mounted on a moveable

stage. After the current deflection field has been exposed ,

the stage repositions the wafer for a new deflection field.

~j~j~e Positioninit System

The stage is moved by X and Y stepper motors. Each step

corresponds to 2 5  microns of movement. However , this is not

accurate enough. The stage must be capable of positioning a

new deflection field accurately enough so that lines that

connect between the fields do indeed connect. To accomplish

this task, a laser interferometer monitors the position of the

stage.

The laser interferometer is capable of measuring stage V -

movements within 0.08 microns. However, the stage position can

not be adjusted to that accuracy . These facts guided the design

of the stage positioning system.

The stage positioning system is actually comprised of the

X stage positioning system and the Y stage positioning system.

However , their functions and designs are identical. Therefore

any reference to the stage positioning system will refer to

both the X and Y systems.

It takes 21 bits to represent a 4 inch stage movement in

0.08 micron increments ; therefore, a 21 bit counter is used to

22 
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keep track of the actual stage position. Since a single step

of the stage is not an even multiple of laser interferometer
measurements, an eight bit counter is used to keep track of

the overshoot or undershoot after it is moved to its new p0—

sition. This corresponds to four stage steps of overshoot or

undershoot. If the software which directs the stage movement

also monitors the status of the stage movement , the error should

not exceed one step. The error is converted to an analog sig—

nal and summed as a dc offset with the deflection analog sig—

hal to correct the relative position of the deflection field.

To determine when a stage movement has been completed ,

the stage positioning system has a register which contains the 
V

desired address. This address is compared with the actual ad—

dress. ~Ihen they are equal, the end stage movement flip—flop

is triggered . At this point the stage position counter is still

being updated , and the error counter begins receiving the count

pulses. The updating is only stopped when the desired address

register is loaded with an address different from the actual

address. By this means, the error signal can c orrect for any

minor pertubations during pattern generation.

When a different desired stage address is loaded, the

error counter and stage complete fl ip—flop are cleared. Step

pulses are sent to the stepper motors until the actual address

equals the new desired stage position. Then, once again, the

error counter is updated continuously to correct for error.

The desired address register is double buffered so the

23
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stage movement can be set up while the last figure is being

drawn. The time saving is not great considering the time re-

quired for a stage movement ; however this does optimize the

process with no appreciable overhead.

The design process just outlined deals with all the mod-

ules necessary for pattern generation. However, as an aid dur-

ing development of the system , and as a check to determine if
the system is operational, a diagnostic capability was included .

Diap~nostics .3ystem

Diagnostics , as applied in this thesis, represents more a

design philosophy than a separate module in the control system. H
The capability to check various elements of the control system

was designed into the modules themselves rather than implemented

in an additional module. To take advantage of these features,

software routines must be written. These routines are referred

to as the Diagnostic System.

A Zilog analog input board is included as an integral

part of the system. All analog outputs of the system will be

tied into the multiplexer of this board. Consequently, all

elements of the deflection system can be checked by exercising

them. For instance, a value can be loaded into the X deflect-

ion counter. The analog multiplexer can then select the X an-

alog input and convert the signal to a digital value. The

actual value can be compared against the expected va).ue.

The variable bit density can also be checked in a similar

24 
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manner. 1’~irst , the bit density is set to a desired value, then
the values from the analog input board are compared to the ex—

pected results. This is then repeated with another bit density. - 
-

-

The diagnostics will not isolate a problem down to a spe—

cific chip, but will allow the user to determine within what

module a problem exists. From there, the user should be able

to isolate the problem fairly easily.

Conclusion

This chapter has provided a systems view of the design

of this digital controller. The intent has been to furnish a

general overview and to indicate the basis for fundamental de—

V 
sign decisions. The details of the design are presented in

the remaining chapters.

1~-

I
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Chapter 3 Programmable Variable Clock

Introduc ti~n

In the process of manufacturing integrated circuits ,

various patterns need to be layed out on the silicon wafer.

The lines that comprise the patterns will be of varying line

widths . Using electron beam exposure , the line width is a

result of the beam currant , type of resists, thickness of

-the resist and the beam latency period at each point along

the line. The Micro—colitroller is not concerned with the type

of resist and resist thickness. The software that generates

the pattern data must take into account these factors affect—

ing line width and generate the data appropriately. This will

be discussed in greater depth in ehapter 8, Software Definition.

The line width can be varied by leaving the dwell time con—

stant and varying the beam current. A larger current will result

in greater line width (due to the splash of the electrons as 
V

they impact the surface). Conversely , a decreasing beam current

will result in a finer line width . Beam current adjustment is

not available to the controller ; however , it can be adjusted

manually. Due to this restriction an average beam current must

be selected and the controller must vary the line width by vary-

ing the dwell time at each point along the line. In order to

vary the dwell time , a programmable variable clock was designed

~See Fig. 3—1). The purpose of this chapter is to address the

details of the design and operation of the programmable variable

clock.
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Dosi~n

Dwell times from four microseconds to four milliseconds

in increments of one microsecond were required for the con-

troller. Ten bits of precision would be necessary for the

range required. However , it takes no additional time for 16

bits as opposed to 10 bits. Since it provides a much greater

range and extends future capabilities , the clock was designed

with 16 bits of precision.

The variable clock drives the state generator. The state

generator divides the clock by eight to generate the timing

signals. Therefore, in order to furnish one microsecond in—

crements to the controller, the variable clock frequency must

be eight megahertz. This results in a beam dwell time of from

1 microsecond to 0.065~36 seconds in increments of 1 microsecond .
In order to ease interfacing with the ~—80A microprocessor

and to facilitate preprocessing by the Z—80A , the clock circuit—

ry was doubly buffered. The primary buffer is loaded by the Z—

BOA. The Micro—controller can then load the variable clock re-

gister (VCR) from the primary buffer. The output of the VCR

provides the input to 4 cascaded SH74191 binary counters. These

counters are configured to count down. When the count reaches

zero, the counters are reloaded from the VCR . -

V

The variable clock was breadboardod using the olite—3

circuit design test system. In order for the circuit to oper-

ate properly , the 8 Megahertz clock input must have a pulse

28

V. —~~ —----V.—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -~~~~



_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V. - - 

~1

width of 30 nanoseconds t20 u. A shorter pulse width results

in a race around condition and therefore generates spurious

signals. A larger pulse width causes overlap in the signals

and the output becomes fixed .

For stable operation , the maximum frequency of the clock

input to the breadboarded variable clock was found to be 13.5

Megahertz. This is more than sufficient to meet the current

requirements. If, in the future , a faster stepping rate is

required , the variable clock will need to be redesigned.

ODeration

~ihen the system i~ powered—up, the reset signal from the

Z—80A (Master Reset) •clears both the primary buffer and the

VCR . Consequently , when the controller is not in the auto—

inatic mode , the variable clock operates at the maximum fre-

quency of 8 ~egahertz resulting in a controller bandwidth of

1 Megahertz. In order to vary the clock , the primary buffer

must first be loaded by the Z—80A with the length of the clock

period desired.

The following formula must be •used to generate the

correct value of the controller period :

Controller Period = (period desired) — 1 microsecond

V 
If a microsecond period is desired then the controller period

would equal one minus one, or zero. The number must be expres-

sed in binary. If a 33 microsecond period were desired then

the controller period would equal 33 minus 1, or 32. This
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would be 40 in octal notation.

After the primary buffer is loaded , the VCR can be
loaded and cleared by the microprogram in micro-store only

when the Micro—controller is in the automatic mode. Bit six

of micro—store is the load bit and bit five is the clear bit.

With the controller in automatic mode , a logical one in bit

six will cause the VCR to be loaded from the primary buffer

at state generator pulse F (See Chapter 4). A one in bit

five will cause the VCk( to be cleared at state generator

pulse 1~. if the programmer sets both bits five arid six in

the same micro—cycle , the V
~ CR will be cleared during state

E and loaded from the primary buffer during state F. This is

the same as just loading the YCH. Loading and clearing the

VCF ( should not be done with the beam on since the dwell time

would be affected.

Various register transfers take place before the con—

troller starts deflecting the beam. The same clock is used to

accomplish all the register transfers and vector the beam

aecross the resist. Since the variable clock is doubly buf-

fered , the register transfers take place at the maximum fre-

quency . 1~hen these are complete , the VCI( is loaded with the

dwell time and the next state generator cycle will be at the

new frequency. Provided the clearing and loading of the VCR

V is done only at the start of each microprogram,,the h—BOA

can set up for the next figure by loading the primary buffer

with the next beam dwell time . However, if the microprogram

30
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clears arid loads the VCi-~ anywhere els—’ in the microprogram,

the software in the 2—BOA must take care not to update the

primary buffer until the current figure is complete. Other-

wise, the current beam dwell time could change as a result

of the preprocessing.

Conclusion

The variable clock circuit designed exceeds the variablo

step rate requirements. It provides the capability to pro—

grammatically vary the step rate from 0.0659 seconds to 1

microsecond in intervals of 3. microsecond. However, this is

only the variable clock for the ~—iicro—controller, and cannot

sequence the Micro—controller. The next step was to design a

state generator, capable of being driven by the variable clock,

that would provide all of the synchronization signals for the

electron beam lithography system.
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Chapter 4 state Generator

Introduction

A number of different signals are needed to synchronize

all the tasks of the r~1icro—controner. These signals must

occur in a specific sequence. For instance, a mem ory write

to micro—store requires, the address inputs be valid for a

specific time period ; the chip enable be active beginning a

number of microseconds after the address inputs become valid;

the data must be valid on the inputs while the address and

chip enable are valid ; and finally a write signal must be

generated to strobe the data into memory . This example only

addresses timing for micro-store. There are also a number of

V other unique signals that must be generated to synchronize

the rest of the !4icro—controller . The purpose of this chapter

is to address the problem of generating these signals.

Design

The initial effort was to utiliz e the 8224 two phase

clock chip. Since the clock was only two phase the rest of

the timing signals would still need to be generated . One—shots

could be designed to provide pulses of fixed length with a

fixed delay. This approach to generating the signals would

have resulted in a kiudge of resistors and timing capacitors.

For that reason that design approach was abandoned. The next

approach taken was to design a special digital circuit driven

by the variable clock to generate the nr~cessary timing signals .
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The primary function of the state generator is to cycle

micro—store and to synchronize all the elements of the con-

troller. Non—availability of high speed memory chips resulted

in the state generator being designed to cycle a slower memory

chip, the 2102A. The memory read is one half of the total

state generator cycle time. At maximum frequency, the read

cycle time is 500 nanoseconds. This is more than sufficient

for the slower memory devices.

An additional function of the state generator is to

write into micro—store. The write signal must be active low

for 350 nanoseconds. This is approximately three—fourths of

the read cycle time. In order to generate a write signal for

the right length of time , the state generator cycle must be
broken up in-to eight periods . At maximum frequency each period

would be 125 nanoseconds. Four periods are used to generate

the memory access signals, the other four periods are used

to generate various control signals for synchronizing the

elements of the controller.

A three bit binary counter (74177) was used to generate

the eight periods of the state generator (See Fig. 4—1). A

three—to—eigh t line decoder (74138) was used to decode the

current period. However, the outputs of the decoder were not

clean signals. Spikes were seen in half of the decoded outputs

that were large onough to trigger TTL logic. In order to gen-

erate clean decoded signals, the clock input was ANDed with

the decoder outputs.
- 

(~~~ 
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The ANDed signals were inverted and tied to appropriate
preset and clear inputs of flip—flops to generate the seven

states (See Fig. 4—2). The state generator was breadboarded

using an Elite 3 circuit design test system. Using the out-

put of the variable clock breadboarded earlier, the state

V 
generator operated properly over the full range of the variable

V 

clock. Like the variable clock, the state generator is band

limited at about 13 Megahertz. Consequently , any desired in—

crease in operating frequency would necessitate a redesign

of the state generator. In order to facilitate possible future

changes in the state generator, the generation of state A will

be discussed in detail.

State Generation

State A is defined as a signal which is high during period

0 and low at all other times. Thus the A flip—flop (IC 2—55)

must be set by the period zero signal and reset by the period

one signal. By connecting the clean period zero signal to the

preset input of the flip—flop and the clean period one to the

clear input of the same flip—flop, the Q output of that flip—

flop will generate state A.

State Definitions

The various outputs of the state generator were designed

to generate specific timing signals to synchronize the various

elements of controller (see Table 1i~ 1). The most important of

these signals are the signals used to load and access memory

35
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STATh FUNCTION

A Clock pulse

B Chip Enable

C Memory write

D Load micro—store latch

E Load primary buffers; count

F Load Counters

G 9408 Strobe Input; Ueam UN;

WA Enable

Stage Pulse

Table 4— 1 State Generator states and Functions
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(States B , C and D ) .  The length and timing of the memory

access signals were determined by the timing requirements

of the 2102A memory tevice (see timing diagrams in Fig. 14_2).

State B is the chip enable (Ck~) signal that enables

memory to either read or write. The length of the chip enable

signal was determined by the write cycle. i~uring this cycle ,

the chip enable must be held low 20 nanoseconds beyond the

write signal. One technique was to generate a delay for the

chip enable signal to hold it low longer. However , this ap— 
—

proach would not result in a clean simple design . It was de-

cided to add one full perIod (125 nanoseconds) to the length

of the chip enable signal. This resulted in CE being con—

siderably longer than necessary . However , this approach was

realized in a very simple manner .

dtate C is the write signal . This signal is only used to

write to micromemory . The length of the write signal accord —

ing to the timing diagram (Fig . t i_ 3 ) is a minimum of’ 350 nano-

seconds. This requires 3 periods of the state generator for

a total period of 375 nanoseconds.

~Jtate U is the data strobe . After the data is valid on

the putputs of the memory chip, the data is loaded into the

micro—store latch. -~ith the outputs of micro—store latched ,

the next address can be set up, facilitating a pipeline

scheme to decrease processing time .

The remainder of the signals are active only when the

controller is in the Auto mode. In order to prevent si~,nals

38
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from being ~enerat ed during the loa~in~ an’-~ edi t ing of micro —

store , the remainder of the signals are su. pz-essed when not

in Auto mode. 
V

~tate ~ is the clock to the i”airchild ~ 06 microprogram

sequencer. The ~14-OU is configured in the non—pipe ’ine mode ,

by connecting pin 5 of the -)406 to ~~~ so the next branch

address will appear on the address outputs sooner. In order 
- -

to accomodate branching in the same micro—cycle , the test in-

puts must be strobed into their flip—flops ~n the 
)
~4O8 115

nanoseconds prior to the clock pulse. State G was selected

for this function since the leading edge of this state occurs

125 nanoseconds before the leading edge of CF. State G is used

to turn the electron beam on and off, as well as to enable

the digital—to—analog CD/A ) converters used in the -~~ and I
deflection systems (See Chapter 6).

In order to load the x and I deflection counters from

the primary buffer in one micro—cycle , the controller uses

states J~. and F. State E loads all secondary buffers from their

primary buffers when bit 21 of micro—store is a logical 1.

. tate F then loads the counters as specified by the micro-

program in micro—store. Consequently , the controller can load

the secondary buffer, load the counter, and enable the D/A

converter in one micro—cycle. if there has been no change in

the D/A input value , the electron beam could also be turned on

during the same micro—cycle. However , if the D/A input value

has changed , the electron beam should not be turned on until

40
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the analog output has had sufficient time to settle. See

Chapter 6 for a more detailed discussion of the electron

beam deflection system.

The stepping motors which position the stage require a

pulse width of one microsecond . In order to operate the

micro—cycle as fast as possible and still output a step

pulse , D is combined with the count commands for the X and

I stages to generate the appropriate step pulse. D is the

inverted version of the signal used to load the micro—store

latch. See Chapter 7 for more detail on the stage position—
ing system.

Conclusion
— 

This chapter addressed the design of the state generator.
-

- - The resultant design will generate the signals necessary to

— synchronize the elements of the Micro—controller, however ,

these signals are generated continuously. Therefore, the Micro—

controller must be designed to selectively utilize these signals

to generate the required signals.

4’
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Chapter 5 Micro—Controller

Introduction

V The functions of the Micro—controller are to interface

with the Z—80A and to generate the sequence of control sig—

nals necessary to synchronize the elements of the control

system. Included in the interface tasks are 1) the decode

logic for the controller registers , 2) the generation of’ the

micro—store write sequence , and 3) special handshaking
circuitry to handle the asynchronous communications with the

7.—BOA.

The main thrust of this chapter will be the detailed

design of the Micro—controller. The system design of the

Micro—controller wiU be addressed first, followed by a

thorough coverage of the design of its components . The

chapter will conclude with the lessons learned and recoin—

mendations concerning the Micro—controller.

System Design
The design of the t~Iicro—controller could be accomplished

either of two ways. The first approach was to design a purely

hardware controller. The controller would be designed to
V accomplish a specific set of functions. The Z—80A could then

use combinations of these functions to accomplish the tasks

necessary for pattern generation.

The main advantage of this design approach is the increased

bandwidth of the controller. This type of controller could be
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designed , conceivable , to operate at frequencies of 10 to

15 megahertz. The disadvantages , however , are many. First.

and foremost , the design is not flexible. The field of inte—
grated circuit technology is fast changing, and a pure hard-

ware design is not conducive to change. In many cases a corn—

plete redesign may be necessary to meet changing requirements.

The pure hardware controller is also much more complex

to design. This is because all the functions of the controller

must be implemented in the hardware. Plus, a complex control

module mus t be designed to select and sequence the appropriate

function modules. Consequently , interfacing of the many modules —

can become very complex. All of this could easily lead to a

design that only the original designer could understand and

change.

To alleviate this potential problem , a second design

approach was employed . This approach requires only a slight

change in design philosophy. The various function modules

still need to be designed as hardware modules . However, the

control module that decodes the commands and sequences the

appropriate modules would be implemented in firmware. This

means all the control signals would be generated by micro—

programs.

The advantages to this design approach are numerous.

The most obvious advantage is the flexibility of the design.

Since the microprograms sequence the controller , changing

the way a function is accompli shed can, in some cases, be

14:3
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d one just by changing the microprogram. Additionally the

number and type of functions that can be accomplished is

limited only by amount of addressable micro—store.

The design of the control module is considerably sim-

plified since rnicroprograms will generate the control signals.

The design of the control module then becomes the design of

a microprogram sequencer. This effort is partially accom-

plished by a number of manufacturers that fabricate micro—

program sequencers. The function of these modules is to

determine the address in micro—store of the next word to

be executed in a sequence of instructions. That is only

the first step in the design.

The Fairchild QL108 Microprogram Sequencer was chosen

for the driver for several reasons. First, it provided a p
variety of conditional , unconditional and subroutine branch-

ing capabilities. It was capable of directly addressing 10211

words of micro—store. The 9408 had its own four level stack

for nesting subroutine calls . The four unconditional branch

instructions had decoded outputs that could be used to select

any one of four branch address inputs. Finally, the circuit

could be operated at frequencies above one megahertz.

With the 9408 chosen as the driver , the system level

design of’ the Micro—controller was addressed. ‘rho design is

predicated on the Z—80A interfacing indirectly with the Micro-

controller via an instruction register and an address register.

This will allow the Z—80A to request the execution of specific

‘14 
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microprograms to accomplish desired tasks. Note the Z—80A

also has data inputs to micro—store.

Since this design will result in a development system,
the microprograms were not yet determined. Therefore, the

Z—80A must have a way of loading the microprograms into Micro-

store. To insure that micro—store is written into only dur ing

loading, a memory control register is used. This register

provides the write protect for micro—store. Micro—store was

designed using random access memory to provide ease of program

development. One board is dedicated to micro—store. Consequently,

once the microprograms have been developed , they can be burned

into non-volatile programmable read-only memory , and the new

micro—store board would simply replace the previous one. In

this way , the microprograms will not need to be reloaded prior

to each pattern generation run.

If it was discovered that one set of microprograms did

not provide all the capabilities desired, micro—store could

be designed to allow the user, under software control, to select

one of perhaps a number of programmable read-only memories.

Thus, micro—store could be any number of 1,000 word memory

blocks. This technique would support a shape menu approach

in micro—store. The Z—80A would load a start address in the

X and I deflection buffers, and command the Micro—controller

to draw the appropriate device at that location. This technique

can be employed with the current design since micro—store can

be loaded and reloaded at any time. However , depending on the

Ll.5
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load routine , the micro—store load could require one or two

seconds to accomplish. Consequently , if an excessive number
of micro—store loads was necessary, the micro—store load time

could excee d the pattern generation ti~ie. The controller would

be spending more time load ing microprograms than executing
them.

Since the intent of this design was to maximize the ca-

pabilities of the controller , the capabilities discussed above

must be included in the design of the Micro—controller. A

number of circuits inherent in the Micro—controller, are neces-

sary to accomplish interfacing between the 2—BOA , The Micro—

controller , and other elements of the control system. These

circuits will also be addressed in the design of’ the Micro-

controller. The functions of the Micro—controller were broken

down into the following five modules .

1) Controller register dec ode logic

2) Bus interface

3) Micro—store

14) Z—80A Instruction interface

5) Microprogram sequencer
The design of each of the modules above will be addressed in

detail in the remainder of this chapter. The variable clock

and the state generator , though part of the Micro—controller ,

had signif icant enough impact on the control system to warrant

separate chapters dedicated to their design and operation (See

Chapters 3 and 4). They will not be addressed in this chapter.
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• Controller He,-dster Decode Loj~Jc

For ease of maintenance all timing signals for the Micro-

controller are generated on one board. The decode logic gene—

rates the select pulse that causes a particular controller

register to be loaded from the Z—80A data bus. The method

used to design the decod e logic determines the addressing

scheme that must be employed to address the controller registers.

In order to take advantage of the multi-byte input/output

instructions of the Z—80A , the main controller registers are

memory mapped as a block of 16 memory locations. A 12 position

dip switch determines the high address of the block of registers

anywhere within the add ress space of the ~—80A.

Three SN7485 comparators, compare the data in the 12 
V

position dip switch to the 12 most significant bits of the

address on the Z—80A address bus. When the addresses are the

same, the equal output of the comparator will be high. This

signal is input to the positive enable line on 2 SN7JI138 3—

line—to—8—line decoders. The inverted enable line is connected

to the memory write signal from the Z—80A. Consequently, when

the memory write line is low (signalling a write to memory ) and

when the equal input is high, a decoder will be selected

based on the value of bit three of the address on the address

bus.

This bit is routed directly to the third enable input

of one of the decoders. The same bit is also inverted and

routed to the third enable input of the other decoder. The
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- Iremaining three bits of address are connected to the select

lines 01’ both decoders. One decoder will generate controller

register select signals 0 thru 7 and the other decoder will
generate si~na1~i ~ thru 15.

The outputs of the decoders are normally high , except

the selected line is low. These signals are used as the load

input to SN74175 4—bit registers. The load input to the

5N711175 is active high. Therefore, inverters were c onnected

to the outputs of the decoders to generate the correct pulses.

The decode logic discussed thus far was for memory write.

The decode logic for the memory read was designed in the

same manner , with two exceptions . First, the memory read
signal from the Z—80A is connected to one of the enable lines

instead of the memory write signal. Second the memory read

select signals are used to enable 5N74L5367 tn —state buffers,

and the enable signal is active low. Consequently , the outputs

of the decoder do not require inverting.

The 16 decoded memory write signals were not sufficient.

V Four more select signals were necessary for the Z—~0A to be

able to load all the required registers in the Micro—controller.

These control parameters change infrequently. Consequently, it

was decided to use four input/output ports to complete the

addressing of the control system. Two ports are for the low

and high bytes of the variable clock. One port is for the

memory control register, and the last port is for the delay

register. Each of’ these decode circuits is designed essentially
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the same.

An eight position dip switch is used to designate the

port number. This number is compared to the eight least

significant bits of’ the address bus. When they are equal,

and when a port output is signaled, the select signal is
generated. The select signal is generated by ANDing the

equal signal with port output s ignal (both active high).
All of the decode circuits generate signals that caus e

Micro—controller registers to be loaded from (or output to)

the b—BOA data bus. The Micro—controller must therefore

provide bus interfacing.

~us Interface

In order to prevent overloading the Z—80A address bus

and data bus the Micro—controller uses 5N74L5)67 tn -state

buffers as bu~ drivers. Each board uses a pair of 3N74L5367

tn —state buffers to input the Z—80A data bus. Since these

are low— power Schottky devices , the drain on the bus is min-

imal. These buffers are enabled at all times so the controller
always has the contents of’ the data bus available.

Board 2, which contains the decode logic , also uses the

5N74L5367 to buffer the address bus. This is the only board

that accesses the b—BOA address bus.

The tn —state buffer is also used as the input enabling

device for memory reads from the Micro-controller. The enable

lines are connected to the read select signals. Consequently,

49 

- -~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



the data is placed on the data bus, only when the Z—80A has

specifically requested the data and is ready for it. The

Micro—controller has no control over these buffers.

The SN74LS367 is used on board 1 micro—store, to buf—

fer the address and control line inputs to the memory ele-

ments. Two levels of buffering were necessary in order to

insure fan—out of’ the tn —state buffers was not exceeded.

Micro—store

The effort of this thesis was to design a development

system. Since the hardware has not been built, the exact

nature of’ the microprograxns is not known. Therefore , micro-

store was implemented as random access memory . In this way,

the microprograms can be easily modified until the micro—

code has been finalized. At some later date , the micropro—

grams could be stored in one of the non—volative types of

memory , to replace the volatile hAM memory. Micro—store was

implemented on a separate board to facilitate readily chang-

ing micro—store. Consequently , in order to change micro—store,

the user simply unplugs one board and plugs in the new one.

The word length of’ micro—store is 40 bits. The Z—80A

word length is only B bits. This disparity arises whenever

the Z—80A must load micro—store. Consequently, special cir—

cuitry needed to be designed to overcome this problem.

The first approach was to allow the b—BOA to directly

address micro—store as five eight—bit arrays. This approach

50
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had one major drawback. It required an excessive additional

amount of hardware to decode the address and select the cor-

rect array to access. For this reason another approach was

considered.

A 40 bit micro-store input buffer (addressable by the

b—BOA, since it alone can write to micro—store) could be

loaded as 5 bytes of’ data. In order not to confuse micro—

store addresses with the b—BOA address space, an address

buffer was also added . The b—80A loads the data buffer then

loads the address buffer with the appropriate micro—store

address and writes to micro—store. Since the Z—80A does not

directly address micro—store, the Z—80A cannot directly cause

the write—to or read—from micro—store.

A special circuit was designed (See Fig. 5—1) to accept

as asynchronous read or write request (depending on bit one

of the memory control register) from the Z—80A , and generate

F the appropriate memory timing signals. The circuit uses the

state generator outputs to cycle memory.

The Z—BOA sets flip—flop 2 using the decoded write select

7, if the controller is not operational (bit 0 of the memory

control register equals logical 0).  The next state G signal

will set flip—flop 1 to prepare for the next full cycle of
— the state generator. State B combines to generate the enable

signal and state C combines with bit one of the memory control

register to generate the wi~ite signal. The write signal can

only be generated when the controller is not operational.
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Therefore micro—store is write—protected when the controller

is operational. State D is used to generate the load signal

for the micro—store data latch.

One more asynchronous communications problem existed

between the b—BOA and the Micro—controller. The Z—80A needed

to be able to command the Micro—controller to begin executing

a particular microprogram during the next full cycle of the

state generator.

b— BOA Instruction Interface

The 9408 microprogram sequencer uses three inputs (ex-

cluding test inputs) to determine the next branch address~

branch address , multiway branch data, and instruction. There-

fore, the Z-80A must have a means of presenting this data to

4. the 9408. However , for the Micro—controller to sequence through

micro—store the same three inputs to the 9408 mus t come from

micro—store. A circuit was needed to generate the appropriate

se lect signal for a multiplexer (See Fig . 5— 2 ) .

The approach was to design a select circuit that would

select the instruction input from an instruction register

(filled by the b—BOA) only when the Micro—controller was

halted and the instruction flip—flop was set. At all other

times the circuit would select micro—store for the input.

The asynchronous instruction interfacing was addressed

in a maimer similar to the write to micro—store problem. Flip—
flop one is set, asynchronously by the b—BOA (provided the

Micro—controller is in the halt state) when the instruction

53

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 

--



-V.--—-— --.r -—~~~~~---- — -,-- ---- - --V ---- -- --- - - V.
~~

V. _Vfl
~~~ 

- - -- - - __,_____w-_--—-~ - — --- -- -- - -—-- —n—-----,------- -,-------- - - -

F 
- 

V

~~s
?
~ 

,t
_~ 

~~

- - - - _ - ~~~
- t

a —4~ 
11

I 
~~~~~~
_ 

c j
C L / ~ 

V —  

- - V

- L 

I

- I 
- 

- 

- I

- I 

-- 

E~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ I 1 - ~~~~~~~~r ~~~~~~ ‘ ~

- 
_V ~_V~~~~~~~ — — —  -



- - ——--V.-- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- - ~~~~~~~~~~ I

is output to the instruction register . In order to insure the

Micro—controller starts on a full—cycle of the state generator,

flip—flop zero is set during state C. This causes the instruc—

tion register to be selected for input. State D clears both

flip—flops , if flip—flop zero has been set. This results in

selecting the instruction register only once, and then pro-

ceeding by selecting micro—store for further inputs.

Since the instruction flip—flop can only be set once the

Micro—controller has halted , the Micro—controller will cycle

through the instructions in micro—store until it reaches a

halt. The halt instruction is actually an idle loop at address

zero. The instruction merely loops on itself with all control

lines disabled. This continues until the next instruction from

the Z—80A is recognized. At which time, the Micro—controller

processes that instruction. The process continues until the

desired pattern is generated. This sequencing of instructions

from micro—store is accomplished by the microprogram sequencer.

Microprogram Sequencer

The capabilities of the Fairchild 9408 Microprogram

Sequencer have been discussed previously. Several sequencers

had similar capabilities, however, the 9408 was the only one

available during the time frame of this thesis. Consequently ,

this directed the early design decisions, though not adversely.

When an instruction is executed by the 9408, deco ded outputs

can be used to generate the select signal for the address

multiplexer.
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Three decoded pinouts on the ~408 combine to select

either the address register (loaded by the Z—80A) or micro—

store. The BRV3 instruction is the only instruction that

selects the address register for input to the p408. Every

other instruction causes micro— store to be selected . In order

to limit hardware (to decrease input/output times) the address

register was restricted to eight bits . This still allowed the

b—BOA to directly address the first 255 words of micro—store,

and indirectly address all the rest of micro—store. Since the

indirect branch takes only one microsecond , this will amount

to a savings of probably several microseconds for every address

the b—BOA outputs .

Conclusions

Using the 0408 microprogram sequencer has provided a

controller desi-~n that in every way exceeds specifications.

The 9408 could run at twice the bandwidth of the current 
- 

-

design , however , the strobe input to the 9408 that latches

the test inputs would hav e to cnance since the test inputs

mus t be clocked approximately 0 nanoseconds before the

clock pulse ~cF) input to the 9408. There is a faster version

of the sequencer, the 0408A , which would solve even that

problem if higher bandwidth were necessary.

Reconunoz-idati ons

If’ the size of micro—store proves inadequate , there are

several possible solutions. Two have already been addressed.

__________  - -
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The first was to have several ROMs that could be software

selected by the Z—8OA. Or similarly, several versions of

micro—store that could be loaded and reloaded in the RAM

version of micro-store. Another approach which has not been

addressed yet, is to provide three bits in micro—store to

control additional address bits. This could conceivably

extend the range of micro—store indefinitely. These three

bits would be used to increment , decrement , or clear a high

address counter. The size of micro—store would be limited

only by the size of the counter. Branches, especially con—

ditional branches , would have to be programmed bery care-

fully. A careless branch instruction while the beam is de-

flected across the substrate could have disastrous results.
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Chapter 6 Electron Beam—1;eflection System

Introduction

This chapter will address the design of the electron

beam deflection system. These boards are the interface be—

tween the Micro—controller and the post—lens of the electron

beam column. The purpose of these boards is to identify the

position of a point on the substrate . The position must be

converted to an analog signal to interface with the post—

lens. The analog signal directs the deflection of the electron

beam across the substrate.

Patterns are generated by moving the beam across the

substrate with the beam on for exposure and blanked for move-

ment. Combinations of the two result In a pattern being cx—

posed in the resist. A vector scan approach is used for beam

movement. The beam position is defined by the X—Y coordinates,

which identifies a specific point on the substrate.

The X-Y coordinates are generated by counters with the

outputs feeding D/A converters to provide bipolar voltages to

the deflection amplifiers. The voltages are amplified to ±300

volts to provide the grid voltages for the electron beam co—

lumn . Changing the grid voltages causes the magnetic field to

shift which changes the direction of the electron beam.

ReQuirements

The system must be capable of moving the electron beam

in the ~X , —X , •Y and —Y directions at variable rates. The
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controller must be able to turn the electron beam on and off

in conjunction with beam movements , under program control.

The system must also provide variable bit density, from 12
to 16 bits, software selectable. The A— I coordinates must be

converted to a bipolar voltage output of 10 volts. Gain and

offset adjustments on the D/A converters must be provided for
V 

calibration.

Design Considerations

There are two approaches that could be used for the X-Y

deflection system . The first technique, called a shape menu,
would be for the system to define each point to be exposed ,

load the D/A register with the point to be exposed , turn on
the beam for a fixed period of time , then load the D/A regis-

ter with the next point to be exposed , and so on. The use of

a shape menu was used by- IBM for the pattern generator in

Vector Scan I (Ref 1). The number of points that are required

to define a shape—can grow dramatically with the complexity

of the shape.

Using a microprocessor for the data transfer device

greatly limits -the capability -to use a shape menu approach

unless the beam dwell time at each point is 50 microseconds

or more. That speed assumes that all the points to define the

shape are already directly addressable and do not have to be

read from a peripheral device. However, even though this

method would be slow due -to the data transfer rates of the
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microprocessor, the shape menu is still a viable approach,

and possibly the only reasonable approach for generating

some patterns. Therefore, the design must include at least

a limited shape menu capability.

The second approach is to define low and high A and

I addresses , load the X and I counters with either address,

and increment or decrement the addresses as appropriate to

draw the desired line or rectangle. For instance, the X and

I counters might be initially loaded with their respective

low addresses. A single point could be exposed by turning

the electron beam on for some computed dwell time. If, while
V 

the electron beam was turned on, either the A or the I ad-

dress was incremented , the beam would expose a line across

the resist. A rectangle could be exposed either by repeated

X lines while incrementing I until complete or by repeated

I lin es while incrementing A until complete (See Fig. 6—i).

Since most patterns that will be laid out will be composed

mostly of lines and rectangles , this approach shows the most

promise.

TM ~~ ~llIIll
Fig. 6—1 Deflection Approach
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Since the count commands are generated by software (the

microprograins in micro-store), a 45 degree line can be drawn
by incrementing or decrementing (as appropriate) X and I at

the same time. For instance, if the deflection counters were

loaded with the low addresses, incrementing both X and I
counters would result in a 45 degree line. Lines of almost
any angle can be drawn with the appropriate micro—code. How-

ever , as the angle of the line approaches the A or Y axis a

large staircase effect will be noticed . This effect will in—

creas e, becoming worst at angles of 22.5 or 67.5 degrees, then
decrease back to negligible as the line approaches the axes.

If a 16 bit density is selected , increment (or decrement)

by 1 least significant bit represents 3 one—hundredths of the

width of the line. Consequently , for angles close to 45 degrees,

the staircase effect will appear as no more than a ripple on

the edges of the line drawn. This ripple will increase with

the ratio of X increments to I increments necessary to generate

the angle.

For Instance , if it takes 15 X increments and 4 1 incre-

ments to draw the line at the desired angle then the ratio is

15~4, approximately 3d. However, since each increment Is

only three perc ent of the total line width, the total worst

deviation from a linear edge for this example is less than

nine percent of the line width . • 

—

The worst case error can be reduced even further if the
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micro—code increments X and I every time a I increment (in this

example) is needed. Instead of two lines 90 degrees to each

other being drawn, one line at 45 degrees will be drawn. This H
technique will result in a round ing of the edges , thus decreas-

ing the total error. The design will include the capability to

increment A and I simultaneously or independently .

One further consideration for the design is the capability

for the Z—80A microprocessor to set up for the next figure while

the current figure is being drawn. The controller must have the

current high and low address values available to it for the

duration of the figure for repeated line drawing rectangles)

and to ~et~-rmine end-of-line and end-of-figure. Consequently

a double buffering scheme must be employed.

Design

Since the functions and capabilities of the A and I de-

flection boards are the same , the two boards are identical

with one exception . The A deflection board (board 4) has

the decode logic and the latch for the bit density register.

The Y deflection board (board 5)  does not require a separate

bit density register since the bit density must be the same

for both A and I.

The deflection system was designed to accommodate all of

the design considerations discussed previously . The block

diagram in Fig. 6—2 shows the system level design. For ease

of’ maintenance and modifiability , all control signals (with
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the exception of’ end—line which will be discussed later) were

separated from the deflection system and generated on the con—

troller boards. This results in the ability to test the boards

independent of the rest of the system , since only the signal

function need be checked and not the timing.

The first design consideration addressed was double buf-

fering. The 16 bit low and high addresses are addressed by the

h—BOA in pairs, to take advantage of the ~—80A multi—byte input

output instructions. The lower Ii. bits of the address identify

the register, the upper 12 bits identify the bank of memory in

which the controller is located. For a further discussion of

the memory management technique employed by the controller

see Memory Control Register (Chapter 5).

The primary registers are loaded by the Z—80A independent

of the Micro—controller. The outputs of the primary register

are immediataly available to the secondary registers. A load

secondary signal from the Micro—controller gates the new in-

formation into the controller ’s secondary register. At this

time the primary registers can be loaded with new information.

Since only one of’ the available X ¼or Y) addresses is

needed to identify the X (or I) position, the other address

specifies the final X (or Y) position. The multiplexer selects

one of the addresses to be loaded ii~ a counter. The multi—

plexer is then switched to the other address. The output of

the multiplexer and the counter are routed to a comparator.

The counter is either incremented or decremented until the
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counter value equals the other address value. By doing this

the counter outputs have defined every point in a line in the
tx direction.

The system requirements called for the ability to selec t

a variable bit density to vary the step size. This is the

ability to increment (or decrement) a counter from any of’

the 5 least significant bits. There was no counter commercially

available that could meet these requirements.

A single bit cascadable, n—bit, variable bit density ,

up/down binary counter was designed. The counter must also

be asynchronously loaded. A single element of the counter

was designed (See Fig. 6—3), then four of the s ingle elements

were cascaded together to form the least significant bits of

the 16 bit deflection counters.

J—K Master—Slave flip—flops with data lockout (SN74111)

were used to eliminate race around conditions. The flip—flops

V 

were configured as toggle flip—flops. The preset and clear

inputs were used for the asynchronous load function. Depend-

ing on the value of BUFF1, when the load signal was present jV

each flip—flop was either preset or cleared.

in order to vary the bit density , a three bit register

was designated to hold the value of the bit position from

which to start counting. For instance, 0 means count from 
V

bit position 0 (16 bit density), and 3 means count from bit

position 3 (13 bit density). When the bit position from which

to count is other than zero, the bits lower than the count



- ~~ ~~~~~~~~~~~~~~ V 
_______ 

V~f l ~~~~V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -

~~~~~~

LO/ U)

~~~~~~~~~~~~~~~~ 

1

T

RIPPL & I — — — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~. V —o~r -—.
~ I - -- RJI’PL(

~

— ____________ _______ CLOC~C

1
~~~~~ ~_ ,,,pn- -~~j~~ 

-

V31T O~~~~
I

~~~
- T 

~‘ ~J’) (‘,O~WT
~j(~f .-r

I

F~ ~~ ~~~‘~~~
‘- ‘

~~~

-

~~~ 
E~ ~~

‘-‘-

~~~~

-

~~~~~ 
~~~~ ~~. ~ -~•~ - ~~~~~~~~

65

_________ V.



~ w----~ - —- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -— -.‘~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
_
-‘~~~_ ‘~

‘_
~w.,- - - 

~~~~ —~-‘-
-- -

bit position are held at logical one.

A three—line—to—eight—line decoder is used to decode

the count bit position. The outputs of the decoder are logical

ones except for the output line selected which is logical

zero. The outputs of the decoder are the bit density select

signals. If bit zero is selected , the 10 output will be logical

zero. For bit zero of the counter, the decoder output 10 is

the no—count—out signal. The no—count—out signal for bit zero

is the no—count—in signal for bit one. The no—count—out signal

bor bit one is the no—count—in signal for bit two, and so on.

This signal is also used for two other functions.

When a count bit position greater than zero is selected ,

the no—count—out signal is used to hold tho lower bits (bits

lower than the count bit) to a logical one. For instance , if

count bit position was 2 then 12 output of the decoder would

be logical zero and all others a logical one. The no—count—

out signal for bit one is high. When NOHed with the load

signal it causes the preset line to flip—flop one to be held

low. Consequently the output of flip—flop one is constant at

one. ihen the no—count—out signal is high the clock signal is

passed to the next stage. The no—count—in to bit position one

is then high, and the bit density select for bit one is high ;

therefore , the no—count—out is high resulting in bit one being

held constant at one and the clock being passed to the next

stage. For bit two, the no—count—in is high , but the bit density

select is low. This results in the no—count—out signal being
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low, signaling that this bit is counting , and not held constant.

The low no— count—out signal causes the next stage to have a low

count—out signal. Consequently, had the count position been bit
one , the no—count—out signals for bits one, two and three would
have been low, allowing those bit positions to count.

lhen a bit position is counting, the clock is passed to

the next stage depending on the count. ~1hen the flip—flop is

zero and counting down the clock is passed. When the flip—flop

is zero and counting up, or the flip—flop is one and counting

down, the clock is not passed.

In order to make the choice of bit density independent

of the data, the data input to the comparator must reflect

the bit density selected . The no—count—out signals are ORed

with the appropriate data bits from the multiplexer. Conse-

quently, if the bit density is 13 bits, the lower three data
bits are equal to the lower three bits of the deflection count-

er which is held constant at one. Care must be taken that the

count position is not greater than the bit positions that vary

between the low and high address, otherwise an end of line will

be signalled immediately.

Operation

The electron beam column is capable of deflecting the

electron beam varying distances, depending on the calibration

selected, without moving the sample. The beam can be deflected

from 2mm to .75mm on a side. With a bit density of 16 bits,
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Bit Density Increment Length

12 .49 micron

13 .24 micron

14 .12 micron

15 .06 micron

16 .03 micron

a. Increment length for maximum range of 2mm

Bit Density Increment Leni~th j

12 .18 micron

13 .09 micron

14 .04 micron

15 .02 micron

16 .01 micron

b. Increment length for maximum range of .75mm

Table 6-1 Increment length for variable bit density
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there are 216_i ( 6 5 , 5 3 5)  descrete points on a side. Table 6—i

demonstrates the step size given the bit density and the max-

imum r ange selected during calibration.

The tables demonstrate the range of a single step of

the counter given various bit densities and different maximum

range of the deflection beam. A device can be defined by

points and the actual size of the device drawn can be de-

termined during the calibration sequence by the maximum range

which is set by adjusting the gain of the D/A converter.

The bit density for the system is initially set to 16

bits when the system is Reset. Selection of the bit density

should not be arbitrary . The bit dens ity combined with the

variable clock rate determine the cumulative exposure effects

of the beam dwell time. The electron column line width is

currently one micron. If the increment length were one micron,

the only overlap of the exposure time would be the time it

takes to position the beam to the next position . However , if

the beam increment length were 0.01 microns , the beam would

have to move 100 increments before the beam would no longer

have a cumulative exposure effect on the first point. Consequent-

ly, the cumulative exposure time would be 100 times the beam

dwell time as determined by the variable clock rate.

The beam can be moved in the X or I direction from 1 to

65,535 steps. A single line of 65, 535 increments can take

from 0.065535 seconds at the maximum step rate to 1.193 hours

at the minimum step rate. The deflection system will also allow
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the Z—80A to directly define each point in a figure to be

exposed.

The Z— BO A mus t write the X and I coordinates into the

primary registers. Then a program in the Nicro-controller

must be executed that loads the coordinates into the counters

and exposes the resist at that point , then stops . The Z— 80A

— would then enter the next point to be exposed and execute

the microprogram again. This would continue until the figure

V 
had been completed. If for instance the figure ~ia~ a line of

65 ,535 increments, the execution time would be considerably
longer than discussed above. r~ow input/output delays between

reading the coordinates from an e~ terna1 device and writing

them to the controller registers must be added for each -point.

This delay could be as much as several milliseconds per point.

Obviously , the delays caused by defining each point can

quickly become unreas onable. Where a complex microprogram

would be necessary to position the beam , it may prove easier

(though perhaps not more efficient) to allow the Z-80A to

define each point.

The process of direct writing with the electron beam is

a combination of’ movements , some with the beam on and some

with the beam off.  It may be necessary to reposition the beam

for the next exposure at the opposite end of the field . In

order to allow sufficient time for the beam to settle to its

true position, a delay register with a down counter was included

in the design of the Micro-controller. The delay counter is not
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an inherent part of the deflection 8ystem but is necessitated

by the deflection system. The delay counter is used by the

Micro—controller to provide a wait timer for the controller.

A delay of up to 11.0 microseconds could be necessary for a full

swing of the electron beam , in order to allow transients ‘to

die out . An eight bit down counter, driven by the variable

clock , is used to generate the delay . When the down counter

reaches zero, an end—delay signal is sent to the Micro—con-

troller. The Micro—controller can thus generate the gross

beam movement , delay while the beam settles , and then draw V

the desired figure , all with a single instruction from the

Z— 80A .

Conclusion

The deflection system designed is ôapable of generating

any pattern on the substrate. More complex figures, like a

circle , would have to be generated one point at e~ ‘:ime . How—

ever, simple figures, like lines and rectangles , can be de— —

fined as vectors and thus generated in one instruction to the

Micro—controller. These capabilities are comparable to the

commeroial pattern generation systems.
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Chapter 7 Stage Positioning System
Introduction

The wafers used in fabricating integrated circuits can

be as large as four to six inches in diameter (and may even-

tually become larger). In order to maximize the amount of’ the

wafer that is used , the system must be capable of exposing

patterns over as much of the wafer as possible. The maximum

total area over which the electron beam can be deflected for

pattern writing is 4mm2. Obviously , very little of the wafer

could be used if the deflection system was the only means

available to position the beam on the wafer .

The stage positioning system extends the range over which

the wafer can be written. This is accomplished by repositioning

the wafer after the deflection system has drawn the 4mm2 figure

in an individual device area. In order to position the wafer,

the stage on which it is clamped is moved. Unless the figures

to be drawn can be completely contained within the area the

electron beam can be deflected , the stage movement mus t be as

accurate as the beam deflection system. Otherwise-lines that

cross between areas might not meet.

This chapter will address the design of a stage positioning

system . The requirements for the system will be established ,

then the design based on these requirements will be discussed.

Finally , the operation of the hardware will be discussed.
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ReQuirements

The stage for the system under discussion must be capable H

of positioning the wafer anywhere over a 100 cm2 area. Addi-

tionally, the position must be accurate to within one micron,
the approximate line width capability of the system.

The equipment configuration which this controller must

drive has a stage that is positioned by direct current step-

per motors. The stage can be moved in the ±X or ~Y directions.

However , the stepper motors are only accurate to 2.5 microns.

In order to measure the position of the stage to a sufficient

degree of accuracy , a laser interferometer monitors stage
position. The laser interferometer is capable of measuring

movements of the table in 791 Angstrom (~~ /8) steps . This

corresponds to 0.08 microns per step. The additional pattern

positioning adjustments employed to compensate for stepper

motor step size are discussed below.

The stepper motors move the stFge 2.5 microns each time

a pulse is received from the controller. The pulse width must

be at least one microsecond. The maximum pulse input frequency

of the stepper motors is 40 kilohertz.

The laser interferometer system outputs several signals.

For each 0.08 micron movement of the stage, either an Up or

Down signal is generated (commensurate with the direction of

V movement of the stage). The pulse width of these pulses is

40 nanoseconds. The laser interferometer output pulses have
- 

- 
a maximum frequency of 4 .2 megahertz. ~rror and Restart lines
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are also available to monitor status of the laser interfero—

meter device. These are very important since precise stage

movement is not possible without the laser interferometer

operational.

Since there is a 100mm translational capabilit y, each

axis contains 1,250,000 individually addressed points (as

defined by the laser interferometer). This corresponds to

1.56 x io12 discrete points over the surface of the wafer.

Any of these discrete address points can be defined by 2

21 bit words, representing the X and I coordinates of the

point.

One pulse to the stepping motors corresponds to a move—

ment of 2.5 microns . Since the laser interferometer measures

the position in 0.08mm increments , one stage pulse corresponds

to 31.25 laser interferometer pulses. For this reason , the

stage cannot be moved to precise (accurate to 1 micron)

positions. Therefore, there must be a means of correcting

for the error in the stage position. This is accomplished by

providing an error counter. This error could be converted ‘to

an analog signal, and summed (as a DC offset) with the deflec-

tion system.

To facilitate preprocessing by the Z—80A, the stage

positioning system must be double buffered. Additionally a

stage motion complete signal must be provided so the Z—80A

will know when the desired movement is complete.
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Desi,~n

The functions of the stage positioning system were

broken down into the ‘two main functions:

1) stage movement.

2) stage position monitoring and correction.

The stage movement function involves generating pulses, of

the appropriate width and frequency, to cause the stage

stepper motors to move the stage to the desired location.

The stage position monitoring system and correction function

interfaces with the laser interferometer system to provide

precise positioning of the stage via error-correction.

Since the Micro—controller is driven by a variable clock,

the ?~icro—contro11er could be used to generate the required

pulses to stepper motors. However, there are only four test

inputs to the microprogram sequencer, and all four are already

used. Therefore, the Z-80A software must retain responsibility

for determining when a stage movement is complete. The X

Stage Complete and I Stage Complete signals are bits five

and six respectively of the controller status register (See

Chapter 5) .  The Z—80A must define a desired stage position

and then issue a command to the controller to generate a

fixed number of stage pulses. When the pulses have been gen-

erated , the &—COA must check to determine if the current stage

position equals the desired stage position (stage movement

complete). The process is repeated until stage movement is

completed (see Chapter 8, Software Definition.)
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The functions of the A stage position monitoring system

and the I stage position monitoring systems are identical.

Therefore, only one half of the stage position monitoring

system will be d iscussed , henceforth refered to as the

Stage Position 1~ionitoring System. Discussion will refer to
both the X and I systems.

The Stage Position Monitoring System was designed as

shown in Figure 7-1. The primary buffers are 211 bit registers

loaded as three consecutive bytes of data by the Z—60A. This

information corresponds to the next desired stage address.

The secondary level is loaded from the primary registers .

prior to beginning a stage movement. The actual stage address

is a 211. bit counter (6 cascaded 5N74193 binary up/down count-

ers) updated by the Up/Down pulses from the laser interferometer.

A comparator is used to compare the desired stage address

with the actual address. The “equal” output of the comparator
sets a flip—flop which represents stage movement complete. The

signal is high when the desired stage address equals the actual

stage address. The actual stage address is continuously updated.

Consequently it always represents the actual stage position.

An eight bit counter is used to keep track of stage

L 

overshoot/undershoot. When the Stage Movement Complete signal

is high, the error register must be loaded with Up/Down counts.
The Stage Movement Complete signal is AF~Ded with the Up/Down

pulses from the laser interferometer. This causes the error

register to count the number of pulses received after the stage
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motion was complete. This eight bit register corresponds

to 210.24 microns (±128 laser interferorneter pulses) of

stage position error.

The Up and Down pulse trains are passe d to the Down

count and Up count inputs of the error register respectively.

This automatically generates the correct error signal as

follows . If the stage was moving in the •X direction , and

the stage movement overshot the desired location by 7 pulses,

then to correctly position the beam it must be adjusted back

the equivalent of 7 laser interferoineter pulses, or —7 pulses.

Had motion been in the —X direction when the overshot occurred,

the error would be the equivalent of 47 pulses. Switching the

Up and Down pulse trains automatically results in the correct

sign for the error.

Sometimes DC motors rock back and forth around the corn—

manded shaft position until settled. This circuit design will

handle that situation should it arise, since , once the stage
— movement complete signal is high, the error counter is updated .

Also, the stage movement complete flip—flop can only change to

not complete by loading the secondary desired stage address

with an address different from the actual address.

The error counter is cleared each time a new desired stage

address is loaded. Consequently, stage positioning errors should

never exceed one imcrement of the stepper motors. The error is

converted to a DC offset via a digital—to—analog converter and

summed with the analog signal from the appropriate deflection
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system. Thus , the error in the stage position is corrected

by shifting the entire A and/or I axis of the deflection
system.

~perati on

In order to accomplish a stage movement the following

steps must be performed:

1) Z—BOA clears Micro—controller and sets memory control

register so Micro—controller is operational.

2) Z—80A reads command from pattern data.

3) Z—80A outputs desired stage address to primary buffer.

-4) Z—80A issues command (instruction) to Micro—controller

to execute the load secondary buffer routine.

.5) Micro—controller routine generates a “load secondary”

signal and halts.

6) Z—BOA outputs appropriate variable clock value for

stepper motor pulse width.

7) Z—80A issues command to Micro—controller to execute

appropriate stepper motor pulse routine.

8) Micro—controller routine generates appropriate stage

pulses and halts.

9) Z—80A checks status of stage movement .

a) If stage movement not complete , sequence loops to

step 7 above.

b) If stage movement complete sequeflce returns to step 2.

All of the functions discussed above are accomplished by
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either the software in the Z—8 0A or the software in the

Micro—controller. See Chapter 8 Software Definition, for
more detail on the software drivers required for the system.

The operation of the stage position monitoring system will

now be discussed relative to the sequence of steps above.

When the Z—80A is powered up and the Reset button is

pushed , this results in a clear signal being generated and

sent to the Micro—controller. The counters and registers of
the stage position monitoring system are all cleared. The

development system uses random access memory for micro—

store. Consequently, the microprograins must be loaded before

the Micro—controller can become operational. In order to in-

sure that all the registers and counters of the system are

initialize d at zero, after loading micro—store, the Z—80A sets

(and then resets) the clear bit in the memory control register.

This clears all counters and registers. This step is not re— L
peated once the pattern generation begins since all inter—

mediate information will be lost. This is the only time the

stage position error counter is cleared.

During steps two and three , the Z—8 0A reads a command

from the patterr~ generation data. In this example the command

is a move stage command . The desired—stage—position is then

read and output to the primary desired—stage register of the

stage position monitoring board. Since the secondary register

has not yet been loaded, the comparator should still be in—

dicating stage movement complete. Consequently, any pertubations

80
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in the position of the stage will update the error register .

During steps four and five the secondary register is
loaded. The Z—80A outputs an instruction to the Micro—con-

troller to execute a load secondary microprogram. This micro-

program generates a load signal for the secondary register

and then halts. Provided the desired address just loaded in

the secondary register is different from the actual register,

pertubations in the position of the stage will update the

actual stage position. If the secondary register is either

not loaded with the new value or the new value equals the

actual stage address, the comparator will still indicate stage

movement complete. If the routine that causes the stepper V

motor pulses to be generated and monitors the stage complete

signal checks for stage movement complete before requesting

a pulse be generated , then stage movement errors can be avoided

or at least minimized.

Steps six , seven and eight generate the appropriate

• stage pulses. An inverted version of state generator D output

(D) is used to generate the stepper motor pulses. If the

state generator is operating at maximum speed then the D

signal duration would be 875 nanoseconds. This is less than

the necessary one microsecond . The value of the variable clock

should be a 1 which results in a D pulse width of 1.75 micro—

seconds. Therefore the Z—80A will output a one to the primary

register of the variable clock. The Z—80A outputs an instruction

to the I~icro—controller to execute the appropriate stepper motor

- 81 
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oulse routine . This routine would first load the variable

clock register to generate the needed pulse width and then

generate the appropriate stage pulse(s). ~ is ANDed with the

X and I stage count bits to generate the stepper motor pulses.

The X and Y stage motors can be pulsed independently or simu-

ltaneously under software control. After the pulse is generated

the Micro—controller enters the halt state.

As the stage is moved , the laser interferometer transmits 
V

a pulse train to the stage position monitoring board. If the

stage movement is not complete , this pulse train updates the

actual stage address. Once the stage movement is complete ,

the pulse train also updates the stage position error counter.

In the las t step, the Z—80A determines whether the stage

movement is complete. If not complete the Z—80A issues the El
appropriate instruction to generate another stepper motor

pulse then checks stage movement status again. This loop

continues until stage movement is complete. At that tim. the

Z—80A will process the next instruction.

Conclusion

The stage positioning system designed is capable of

effectively positioning the stage to within one micron. This

is accomplished by updating an error counter. The error is

converted to a DC offset and used to shift the axis of the

entire deflection field after the stage movement is complete.

The key to all the elements of the controller is the software.
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The development of the software was not within the scope

I 

of this thesis. However, the next chapter will address I

software definition so future efforts can result in soft—

ware development. -
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Chapter 8 Software Requirements Definition

Introduction

The software for the Z—8 0A and the micro—code for the

controller are beyond the scope of this thesis. However, no

digital controller design is complete without defining the

software that will be necessary to operate the equipment.

This chapter will address in detail the software require-

ments definition for both the micro—sequencer and the Z—80A.

Micro—Sequencer Software

The microprograms of the Micro—controller sequencer are

the means by which the register transfers within the controller

take pL~ce. Table 8—1 lists the Micro—controller instruction

set. These are the instructions to the Fairchild 9406 Micro-

program/sequencer. These instructions control sequencing of

micro—store by defining conditional and unconditional branches

and subroutine calls . Subroutine calls can only be nested

four deep, due to the stack limitations of the 9408. However,

this should pose no major restrictions on the microprograinming

since the hardware is capable of conditional branches in the

same micro—cycle.

The instructions, 10 thru 131 come from bits 23 thru

26 of micro—store and from the instruction register. As was

discussed in Chapter 5, the 9408 receives no clock pulses

until the instruction rogi~ter has been loaded by the Z—80A.

Consequently, the hardware cannot sequence without an instruc—
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tion from the ~—8OA. This instruction should be from the un-

conditional branch fami ly to avoid erroneous conditional
inputs. The instruction from micro—store can be any of the

instructions found in Table 8—i .

Micro—controller Instruction Set

The unconditional branch instructions requir e a branch

address be input to determine the location of the next in-

struction. For all instructions except BRV3 and BMW , the
branch address comes from bits 30—:39 of micro—store (See

Table 8-.2A). BRV3 cause the address register to be selected

as input to the 91i08. The address register is only 8 bits,

and consequently can only address the first 256 words of

micro—store. Therefore, to address the rest of micro—store,

the next instruction (within the lower 256) that gets exe—

cuted must cause a branch to the location in micro—store

desired. The common approach to this problem is to make the

first words in micro-store branch instructions to the rou—

tines that reside further down in micro—store.

This technique makes addressing the first seven routines

very efficient by using the BMW instruction. Branch multi-

way replaces the low order three bits with !~~O, MW1, and

MW2. These three bits allow branching eight ways from the

branch address specified in micro—store. Since address zero

is the halt stat e, that leaves seven more words that can be

addressed directly. Since this instruction uses the address
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Table 8—2A

Micro—Store Bit Description

BIT Description

39 A9 Branch Address

38 A8 Branch Address

37 A? Branch Address

36 A6 Branch Address

35 A5 Branch Address

3L~ Ak Branch Address

33 A3 Branch Address

32 A2 Branch Address

31 Al Branch Address

30 A0 Branch Address

29 MW2 Multi—way Branch

28 MW1 Multi—way Branch

27 MWO Multi—way Branch

26 13 Instruction

25 12 Instruction

2k Ii Instruction

23 10 Instruction

22 Beam On

21 Load Secondary

20 Count (X—Deflection )

19 Up/Down (X—Deflection )

18 Load (X—Defiection )

17 Source (X—Deflection )
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Table 8—2A

Micro—Store Bit Description

Description :. - .

16 Count (Y—Uef lection)

15 Up/Down (Y—beflection )

1k Load (Y—Deflection )

13 Source (Y—Deflection )

12 Load (X—Stage)

11 Up/Down (X—Stage )

10 Count (X—Stage )

9 Load (Y—Sta ge )

8 Up/Down (Y— Stage )

7 Count (Y—Stage )

6 Load Variable Clock Register

5 Clear Vatiable Clock Register

• Decrement Delay Register

3 Load Delay Register

2 bnusod

1 Unused

0 Unused
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in micro—store , the address register does not need to be

loaded by the Z—80A , thus saving one memory access cycle

each time the controller is issued a command by the Z— 80A.

In order to take advantage of this savings in input/

output time, the microprograms that will be executed most

often by the Z-80A should have their respective branch in-

structions in the first seven words of micro—store. These

instructions can be any of the branch instructions in micro—

store, except care should be taken with the branch to sub-

routine call. If a subroutine call is made, upon return, the

next instruction executed will be the instruction that im— 
•

1
mediately follows the subroutine call. The programmer must

be sure that is the sequence desired .

The conditional branches allow the micropr ogram to

query test inputs and branch accordingly . The test inputs

to the 9k08 are defined as follows:

— X—Line Complete

T1 — Y—Line Complete

T2 - Figure Complete

T3 
— Delay Complete

Since the branch address for a conditional branch is from

the same word in micro—store as the instruction, an instruc-

tion can conditionally loop on itself. For instance, to draw

a line in the X direction, one instruction to Increment the

X counter could be executed. The instruction would loop on

itself by setting the branch address of that instruction to
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Its own location in micro—store, and executing DXL, branch

on X—Line not complete . As long as the X—Line was not complete ,

the instruction would continue to be executed. As soon as X—

Line was complete the instruction immediately following it

would be executed. If the next instruction was a branch to

address zero , the Micro—controller would set the program

counter to zero and halt waiting for the next instruction
- • from the .—80A.

All of the discussion to this point has centered on

micro—store addressing . The register transfers that have

been discussed all take place within the 9k08 Micropr ogram/

Sequencer . The remaining 23 bits of micro—store define the

register transfers to take place in the controller and com-

bine with signals from the state generator to create the

necessary control signals.

The following discussion will address the register

transfer commands from Table 8—2B . For the bit position in

micro—store of the register transfer commands refer to Table

8—2A. The system commands have been addressed with the ex-

ception of Beam On and Load Secondary.

For these two commands and all following commands, cx—

cept those that select between two different functions (e.g.

count up or count down) and clear variable clock, a logical

one indicates that the command will be executed during the

current micro—cycle. Any combination of items could be executed

in one micro—cycle. However, many of the combinations are not
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Table 8—2B

Register Transfer Command Definitions

System Commands

Branch Address - Ten bit address of the next instruction in

micro—store for execution.

Multi—Way Branch — This three bit field replaces the branch

address low order three bits when the multi—way branch H
instruction (MBH ) is executed.

Instruction — Four bit instruction to be executed by - the

Fairchild 911.08 Micro—program Sequencer. (See Table 5—1

Micro—Controller Instruction Set)

Beam On — A logical one i-n this field causes the electron

beam to turn on, or remain on, during the current micro-

cycle, thus exposing the resist. A zero causes the beam

to turn off , or remain off, during the current micro—

cycle.

Load Secondary — A logical one loads the low and high addresses

into the respective secondary registers of the X and Y
deflection system.

X—Deuloction Commands

Count — A single pulse is generated during state E for the

X—deflection counter during each micro—cycle when this

field is a logical one.

Up/Down — A logical one means count down. A logical zero means

count up. This is a level signal supplied to the X—deflec—

tion counter. This command has no effect without a count

command.
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Table 8—211

Register Transfer Command Definitions

Load — Generates a load signal during state F , to load the

X— deflection counter.

Source — This command has two functions. (l:}{igh Address,

O~i,ow Address)

1) Identifies the source register from which to load

the X—deflection counter (either low or high address

register).

2) Selects either the low or high address to compare

with the output of the X—deflection counter to determine

End X—Line.

Y—Doflection Commands

Count — A single pulse is generated during state 1~ for the

Y—dof] .ection counter during each micro—cycle when this

field is a logical one .

U p/Down — A logical one means count down . A logical zero

means count up. This is a level signal supplied to the

Y—deflection counter. This command has no effect without

a count command .

Load — Generates a load signal , during state F , to load the

1—deflection counter.

Source — This command has two functions . (1~High Address ,

O Low Address)

1) Identifies the source register from which to load the

1—deflection counter (either low or high address register).
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Table 8—2B

Register Transfer Command Definitions

2)  Selects either the low or high address to com pare

with the output of the 1—deflection counter to deter—

mine End 1—line .

X— ~ ta~ e Commands

Load — Generate a load signal , during state ~~, to load . the

secondary register with the desired X—sta g e location.

Up/Down — A level signal to determine whether to increment

or decrement the X—stage position. A logical one means

count down. A logical zero means count up. This command

has no effect without a count command .

Count — A single pulse whose wid th is seven times the period

of the state generator is generated each micro—cycle

when this bit is a logical one. (Note: The stage stepper

motors require a minimum one microsecond pulse width.)

Therefore seven times the value of the variable clock

must be at least one microsecond.

1-Sta.~e Commands

Load — Generate a load signal, during state J~, to load the

secondary register with the desired 1—Stage location.

Up/Down — A level signal to determine whether to increment

or decrement the 1—stage position. A logical on. means

count down. A logical zero means count up. This command

has no effect without a corresponding count command .
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Table 1~—2B

Register Transfer Command befinitions

Count — A single pulse , whose width is seven times the period

of the state generator, is generated each micro—cycle

when this bit is a logical one ~.see note for count of

X— S tage Commands) .

~ariable Clock Commands

Load — Causes the variable Clock Register (VCR), to be loaded

from the primary clock buffer with the now clock rate.

Clear — Logical zero causes the VCR to be cleared . Once cleared

the clock runs at the maximum frequency. Logical one

allows the clock to be loaded , arid operated at variable

frequencies.

j~~l~ay Register Commands

Decrement — Generates a count signal during state E. The delay

counter is wired to count down.

Load — Generates a load signal during state F. A decrement

command and a load command in the same micro—cycle is

equivalent to a load command . The delay constant is

loaded Into the delay counter.
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reasonable together. In order to present everything in context,

correct sequences of commands necessary to perform certain

functions will be presented . Any anomalies that could arise

will be presented within the discussion of the sequences.

The first step in pattern generation on a wafer is

positioning of the wafer. Once the wafer is clamped onto

the stage , this is accomplished by moving the stage . For a

discussion of thc stage positioning system see Chapter 7.

The microprograms must be able to do the following:

1) Increment the A—Stage Position

2) Decrement the X—Stage Position

3) Increment the 1—S tage Position

4) Decrement the 1—S tage Position

As a minimum these four stage movement routines are necessary .

The steps necessary to accomplish any one of these tasks

differ only in the direction and the axis; therefore, only

one routine will be presented .

In order to increment the X—Stage position, the X—Stage

secondary register (desired stage address) must be loaded

from the X-J tagc primary register. During the same micro—

cycle , the variable clock must be loaded with a one so the

stepper motor pulse width is at least one microsecond . The

instruction for the first micro—cycle of the microprogram

should be a fetch during the next micro—cycle , the Up/Down for

the X— S tago must bo a logical zero and Count a logical one .

This will result in a count up X—Stage pulse being generated.
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The instruction for that micro—cycle would be an unconditional

branch to the address specified in bits 30—39 of the current

word in micro—store (provided the routine was not written as

a subroutine).  The address would be zero.

Hence , each time the routine was executed the desired

address would be loaded , the variable clock set, the pulse

generated , and the sequence would return to halt all within

six microseconds. Since the maximum frequency of the pulses

is four kilohertz , efforts to optimize the stage routine would

serve no purpose unless micro—store storage requirements could

— be reduced .

A stage movement is usually followed by the positioning

of the electron beam. The beam will often be moved from one

field extreme to the other. In order to allow sufficient

time for the beam movement to settle , the deflection counters

should be loaded during execution of the stage pulse routine.

There are a minimum of four load deflection routines differing

in the deflection axis and the source for the load.

The routines are as follows:

1) Load X—deflection counter from high address

2) Load X—deflectiori counter from low address

3) Load 1—deflection counter from high address

Li.) Load 1—deflection counter from low address

Any of the loads can be accomplished in one micro—cycle.

The load secondary bit must be set to load the secondary

registers of the X and I deflection boards. The secondary
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registers are loaded during the rising edge of state E . On

the rising edge of state F , the selected address is loaded

in the appropriate deflection counter. On the rising edge of

state G the out puts of the deflection counters are gated into

the buffers of the digital—to—analog converters. The load

will take approximately one microsecond .

Since only one word of micro—store is needed for each

type of load , the four combinations ol’ X and I loads should

also be included.

1) Load X from high address and I from high address

2) Load X from high address and I from low address

3) Load X from low address and I from high address

1+) Load X from low address and Y from low address

During none of the previous routines should the Beam On

command have been active. This would have resulted in er-

roneous exposure of the wafer. The beam should be on only

while a pattern is being generated, and off for every thing

else.

As a minimum there should be microprograms to generate

the following patterns:

1) point

2) X—Line

3) I—Line

This is a minimum set of simple functions. Combinations of

these can draw any figure. However, for more versatility

routines to draw lines of various angles should be included .
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For instanc , a 45 degree line is drawn by simultaneously

incrementing the X and I deflection counters. Lines of other

angles would have to be made up of increments of X and Y.

A microprogram to generate a X-line will be presented. The

I—line and lines of various angles are simply extensions of

the techniques employed to draw an X—line .

Since every line drawn is not preceded by a stage move-

ment , the routine may include the load sequence (or a call

to the load sequence). If the beam position change is large

enough, the delay register can be used to loop while doing

nothing until the beam position settles. For instance, to

draw a line from the X—low address to the X—high address the

following steps would be necessary:

r~icro—Cvcle Instruction Commands

1 Fetch Load Secondary

Load X—deflection counter

X Source :O

Load delay counter

2 BDL Decrement delay register

3 BXIi Load variable clock

register

X Source:1

Beam On

Variable clock clear a 1
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h!icro—Cycle Instruction Commands

4. BXL X Source : 3.

Up/uown 0

- , Beam On

x Count

Variable clock clear : 1.

5 BHVO

(or HTS )

The routine listed above will draw either a point or

an X—line. The micro—cycle number is to show only the ordered
1~1steps and not necessarily the number of micro—cycles it will

take to draw a line. During micro—cycle one, the deflection

counter is loaded from the low address , and the delay counter

is loaded . The next instruction to be executed is micro—cycle

two . This instruction branches to the address specified in

that word as long as the delay is not complete. The address

is set to the address of that word in micro—store. Consequently ,

the instruction loops on itself decrementing the delay register.

~Thon the delay is complete , micro—cycle throc is executed. The

variable clock register is loaded which means the new clock

period begins with state G. The beam is also turned on during

state G to oxpose the wafer. The X source is selecting the

high address to compare to the X—doflcction counter.

The ifiEX instruction says to branch to the address specified

in this word if end X—lthe. To expose a single point, the low

address would equal the high address arid therefore the point

. 5) , )
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is complete. The address in that word would be zero. Consequent-

ly, the next micro—cycle would halt the machine .

If the counter did not equal the high address, micro—

cycle four would be executed . The high address would continue

to be selected for comparison. Up/Down would equal zero signal-

ling count up. The beam would stay on, arid X Count would be on.

The BXL instruction would cause this command line to be

executed every micro—cycle as long as the X line was not

complete. The branch address for this word would equal the

address in micro—store of this word. When the X line was

complete micro—cycle five would be executed . This word should

turn off X Count and Beam On , and cause a branch to address

zero or a return if the routine was a subroutine.

It is important to notice that every microprogram even-

tually halts by returning to address zero in micro—store.

Therefore, no commands should be enabled at address zero. A

zero word at address zero will insure the appropriate halt

state of the controller. Note that the variable clock is

cleared when the machine halts. This enables the controller

to operate at maximum frequency except when commanded to vary

the beam dwell time In a microprogram.

The Micro—controller sequencer is the main element of

the controller. It takes the pattern information or position

Information , and performs the assigned task. Obviously, the

Micro—controller is not independent. The Z—80A is responsible

f or providing the pattern information and pos ition information ,
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and for instructing the Micro-controller of what to do with

this inf ormation.

Z-.80A Software

There are three major groups of software routines that

need to be developed to make this a complete system.

1) Data generation routines

2) Interface routines

3) Micro—code development routines

The discussion of data generation routines will address only

the format of the various items since the physics of the

problem is beyond the scope of this thesis. The interface

routines and micro—code development routines will be discus-

sed in more detail since certain ordered sequences of events

must take place to accomplish the desired tasks. These dis-

cussions will center on the interface steps arid not the

actual coding of the routines. No attempt has been made to

specify a language in which to write the routines. However,

some driver routines would be considerably more efficient if

written in assembly code. Neither the Z-.80A assembly language

nor any of the higher level languages will be addressed in

this thesis since several good sources are available for each.

Data Generation Routines

The data generation routines are responsible for creat—

ing the data necessary to generate a pattern or sequence of

patterns on the wafer . These routines must be capable of
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accomplishing the following tasks:

1) Interactive interfacing with the user

2) Computation of dwell time

3) Computation of delay time

4) Defining a pattern

5) Repeating a pattern

6) Error checking

The interactive interface with the user must, at a minimum ,

allow the user to input coordinates identifying the point , line

or rectangle to be drawn. It would obviously be very time con-

suming to input the coordinates for each figure to be drawn.

Ideally , the user would sit at a high resolution graphics ter-

minal with a light pen . The user would place the light on the

screen cooresponding to the now location of the crosshair. The

routines would then query the user to determine if a line was

to be drawn between the old crosshair position and the new one.

If a line was to be drawn, then the dwell, time routine would be

called .

The computation of the dwell time is dependent on several

factors. First of all, the routine would have to have the exact

dwell time equation for the type of resist used since these

equations can vary dramatically. The beam current and resist

thickness would have to be known in some cases , as well as , the

line width and depth desired. The routine would then complete

the exposure time required and convert that to a beam dwell

time. The following formula is used to compute beam dwell time:
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dwell time (dwell time desired ) — 1 microsecond .

The dwell time desired is a sixteen bit binary value . Con-

sequently , the dwell time can vary from 1 mIcrosecond to

0.065 seconds in increments of one microsecond. If dwell

times larger than 0.065 seconds are required , the figure

can be redrawn again and again , since exposure of the re—

sist does have an addative effect , until the exposure time

is achieved.

If , when the crosshair had been moved , a line was not

to be drawn , then the delay time routine would be called .

The maximum settling time for the digital—to—analog conver—

ters is 35 microseconds . The routine mus t determine whether

the last beam movement warrants a delay before generating

the new figure from that point , and the size of the delay

necessary. If the Z—8 0A is going to move the beam to the new k

location and set up for a figure from that point, the input/

output time of the routine will likely be sufficient. Use of

the delay papame-ter is to allow beam positioning followed by

figure generation with one instruction to the Micro—controller.

The basic figure generation elements are defined by the

microprograms, but should consist of at least the following;

point , line, 45°—line, and rectangle. For the discussion of
pattern generation , it will be assumed that these micropro—

grams do exist.

A routine should exist that can group the basic figure

generation elements (with relative coordinates) into patterns .

103

~

— -- -~~~~--5 - — -  —
~~~~~~~~~~~~-



.5 .-’--— - 
~~~~~~
“ ‘ ‘  ~~~~~~~~~~~~ ~~~~~ ~~~“ 

-5~~~ ,_, ,-..5 - .5

In this way , various patterns that are repeated many times

on the wafer need be defined only once. Another command

would reference that pattern by some key and request it be

drawn at a specific location. The addresses would be modified ,

by the relative addresses , to absolute ac1~1resses and the

figure would be drawn.

This capability of defining and repeating patterns is

conducive to the generation and use of a shape menu . In this

way, commonly used cells could be predefined. For instance,

2, 3 and 4 input gates such as AND, NAN]), OH , NOR and XOR

could be predefined . The user could then simply select the

cell desired and identify the connections to the cell. This

is a simplified discussion of a very complex task. Firm con—

clusions concerning the feasability and desirability of this

approach cannot be drawn at this preliminary stage but the

capability exists.

The last routine that must exist is an error checking

routine . This error checking routine must check not only for

invalid data , for instance , alpha characters in a numeric

field, but also for errors that might result in errone ous

figures being drawn. For instance,

1) Is the current vertor within the beam deflection

field or will the stage have to be moved to com-

plete it?

2) Does the new figure cross a previous figure?

3)  Are all lines connected?
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4) Have all parameters been initialized, or defined,

prior to requesting a figure be drawn?

This list is not all inclusive but is meant rather as an

aid to point out possible sources of error . The generation

of valid data is only the beginning. The data is of no value

unless interface routines exist for the Z—80A to get the

information to the Micro—controller.

Micro—controller Interface Routines

The interface routines can be grouped in the following

four major categories :

1) Initialization

— 

2) Diagnostics

3) Micro—store Loader

4) Pattern Generation

The sequence of events necessary to perform the functions in

the major categories will be discussed.

The initialization routine has one function, setting

all Micro—controller registers to zero. This is accomplished

by setting the Reset bit (bit two) in the Memory Control

Register (See Table 8—3 ) to a logical zero. While this bit

is a logical zero , all Micro—controller registers are cleared

and the entire controller is disabled. Setting the bit back

to a logical one enables the Micro—controller with all registers

cleared .

This must be done at least twice. The first time is
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during power—up, to insure the system starts cleared. The

next time is after loading micro—store and prior to becoming

operational. This is to insure the secondary registers have

no erroneous information left in them.

The diagnostic routines should perform a thorough on—

line check of the Micro—controller. As a minimum the following

checks should be included:

1) ~Jrite to micro—store and verify what was written

2) Exercise X and Y stage movements

3) Verify laser interfero rneter operational

4) Exercise the variable clock

5) Verify X and Y deflection analog signals

The diagnostic routines should verify the correct operation

of as much of the T~icro—controller as possible . when this has

been accomplished , the microprograms can be loaded.

In the final design of the Micro—controller, the micro—

programs will reside in read—only memory. However, to facili—

tate program d evelopment during the design phase , micro—store

has been implemented with random access memory. Since both the

Z—80A and the Micro—controller must both access micro—store , a

memory control register (See Table 8—3 ) is used to arbitrate

memory access.

The Z—80A does not access micro—store directly. An address

buffer and a micro—store data register are filled by the Z— 80A .

The Micro—controller variable clock is used to generate the

timing signals . The micro—store data register is the only data
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Table 8—3

Memory Control Register

The purpose of the Memory Control Register is two—fold .

It provides first the micro—store write/write protect signals ,

and second the reset signal to clear the Micro—controller.

This register is addressed as an input/output port. The port

number is determined by an eight bit dip switch on Board 2.

Description

0 0 — Micro—store address comes from the address

buffer. Used to load and edit micro—store

(Read or Write).

1 — Micro—store address comes from address

out puts of Fairchild 9408 Microprogram

Sequencer. The controller is considered

“operational” when a one is in this bit

position. (Read only)

0 — If bit zero is a logical zero , the next

signal to access memory will cause a write

from the micro—store data register into

micro—store, at the address specified in

the micro—store address register. If the

controller is operational , this bit has no

effect.
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Table 8-3

Memory Control Register

Description

1 — If’ bit zero is a logical zero, the next

signal to access memory will cause a read

from micro—store at the address specified

in the micro—store address register.

2 0 — Heset signal. As long as this bit is a

zero all register storage in the Micro—

controller is cleared. The first step is

to get the Z—80A to set this bit position

to a logical one. After micro—store has

been loaded and prior to setting bit zero

to a logical one (controller operational)

the controller must again be cleared so

no erroneous information is processed.

1 — The clear is disabled .
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source for micro—store. However, the micro—store address can

come from the address buffer or from the address outputs of

the Fairchild 2408 Microprogram Sequencer. These two addresses

are multiplexed by bit zero of the memory control register.

Jhen bit zero is a logical zero , the micro—store address comes

from the address buffer .  When bit  zero is a logical one , the
.5 address comes from the c408. A logical one indicates the Micro-

controller is operational.

Once the T .licro—contro llcr becomes operational micro —

store should not be altered. In order to insure the inte— .5 -

grity of the microprograms , bit zero also serves as the write

protect. When the flicro—controller is operational micro—store

is read—only , otherwise , it is read—write .

Bit one of the memory control register is used to signal

either a read or a write . This bit combined with bit zero

pr ovides the capability for the ‘Z— C OA to access micro—store .

Tables 8—4A and 8—~113 present the steps necessary to write to

or read from micro— store respectively . Note that in order to

verify a write to micro—store , the Z— 80A must perform the steps

in Table 8-4A and then simply read in registers 0 thru 4 , com-

paring what was read with what was written.

Once the microprograms are loaded the last step is the

generation of patterns from the data file. These programs should

be a direct extension of the data generation routines. These

routines must fill the appropriate controller registers (See

Table 8—5 ) with the pattern data and command the Micro—controller
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Table 8-4A

Z—80A Micro—Store Write Routine

The following sequence of steps is required to write

to micro—store . When the register address is decoded it

generates a memory access signal. In this case a memory

write has been requested . On the next full cycle of the

Micro—controller clock , the data word will be loaded in

micro—store at the address specified in the address buffer.

The data will also be latched in the micro—store output

buffer. This buffer can be read directly by the Z-80A as

registers 0 thru 4.

1) Memory Control Register must be configured as follows:

i) bit zero equals 0

.5 

- 

ii) bit one equals 0

iii) bit two equals 1
.5 2) Load register 0 thru 4 with the micro—store data word.

3) Load register 5 and 6 with the micro—store address.

-~~ 4) Output to register 7 (memory access signal).
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Table 8-4B

Z— 80A Micro—Store Read Routine

The following sequence of steps is required to read a

word from micro-store . The memory access signal generates a

read from micro—store, which latches the data word in the

micro—store output buffer . The Z— 80A reads the buffer direct—

ly as registers 0 thru 4 .

1) Memory Control Register must be configured as follows :

i) bit zero equals 0

ii) bit one equals 1

iii) bit two equals 1

2) Load registers 5 and 6 with micro—store ad dress.

3) Output to register 7 (memory access signal).
4) Read data word from registers 0 thru 4.

lii
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to process the data. ~iinco the Micro—controller is double buf—

fered , those routines can begin loading buffers again as soon

as the Micro—controller starts executing.

However , the Z—&30A can only write to the instruction

register (register 6) after the Micro—controller has halted.

The instruction register must be the last register written

into because the decoded write signal sets a flip—flop which

.5 starts the 9408 executing. Consequently , if the instruction

was loaded before the pattern data was completely set up, the

- j Micro—controller would begin with the old data and would not

get the new data which was loaded after it began executing.

This routine must monitor the status of the Micro—con-

troller (Add ress zero is halt state ) in order to determine

when to write to the instruction register of the Micro—con—

— troller. in most cases, the Micro—controller will be done

executing the current instruction before the Z—80A is ready

to load the instruction. However , there will be times when

the current pattern could take several seconds to generate ,

in which case the ~—80A would just have to execute an idle

loop waiting for the Micro—controller.

The routines discussed are all that will be necessary

once the system is complete . However, during the design

phase , the exact micro—code has not been established. There—

foro tools must exist for the user to design and developo

the microprograms .

112

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .5-5___ .5-5••••~_ .5_ _-5~~~ .5-5 _ .5 - __ .5_  —— —.5 -~~~,



—-5 — - — —  - - --5- -- -- - -—- :- —---- -— .. 5 . 5 - —---- :-5 _,- - ———

Tabic 5—5

Controller Regis ters

The first eight register write signals are multiplexed

to provide the eight signals needed ~urlng the non—operational

loading and editing of micro—store. Bit zero of the control

register determines whether the write signal is for the oper-

ational registers or the micro—store edit/load registers (~ eo

Table 5—4, Memory Control Register).

The controller registers are memory mapped on the ~—6OA

memory. The register number is the four low order bits of the

memory address. The 12 high order bits are user definable via

dip switches on board 2. This enables the controller registers

to be configured at any address up to 6~ k.

Edit/Load ~egisters

-
.5 

liegisters Description

0 Micro—store data input register bits 32 thru 39

1 Micro—store data input register bits 24 thru 31

2 Micro—store data input register bits 16 thru 23

3 ~icro—store data inpu t register bits U thru 15

4 Micro—store data input register bits 0 thru 7

5 Micro—store address register bits 8 thru 9

6 Micro—store address register bits 0 thru 7

7 hlicro—store memory access signal. When this

signal is decoded , either a read or a write

of micro—store is generated depending on bit

one of the memory control register.
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Table 8—5

Controller Registers

Operational Registers

Registers Description

0 X—Stage aGdress bits 16 thru 23

1 X—Stage address bits 8 thru 15

2 X—~tage address bits 0 thru 7

3 X—Deflection low a.idress bits 8 thru 15

4 X—Deflection low address bits 0 thru 7

5 Branch Address in Micro—memory

6 Instruction and Ilultiway branch

D0-l)2 Multiway branch

I)4~])
7 
Instruction

7 Y—~tage Address bits 16 thru 23

8 Y— Stage Ad dress bits 8 thru 15

9 Y—Stage Address bits 0 thru 7

10 X—De flection high address bits 8 thru 15

11 X—Deflection high address bits 0 thru 7

12 1—Deflection low address bits 8 thru 15

13 1—Deflection low address bits 0 thru 7

14 1—Deflection high address bits 8 thru 15

Y—Deflection high address bits 0 thru 7
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Micro—code Development ithutines

At a minimum , editor routines mus t be available which

will allow the user to input the micro—code and make modi-

fications. Preferably the routine woul(3 either prompt the

user for the individual element in the word and set the cor-

rect bit pattern, or allow the user to specify what elements

must be set for that word . in this way the developer will

not have to key in 40 binary bits of information for each

word of micro—store.

The routines should also provide a display capability

so the user can see the line of code and correct it if ne-

cessary before it is loaded in micro—store. A special list-

ing routine should also provide the capability to list the

microprograms in a readable format. For instance, line nuin-

bers should be provided correspond ing to the address of the

word in micro—store. The line number and address should be

converted to decimal for the listing since that is much easier

to read. The instruction code could be converted to the mnemo-

nic so the user would not have to refer to the instruction

table. Appropriate headings would suffice for the remainder

of micro—store . The binary bit patterns for that section could

be listed under the headings. These routines would provide

reasonable development tools for the micro—program developer.

Conclusion

The software discussed in this chapter is necessary for
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the total controller package. Much of the software has been

addressed only lightly. Considerable time and effort will be

required to design and code the software modules. A separate

effort should be undertaken to design the modules for this

control system. This chapter should be used only as a source

for ideas , and as a ref erence where specific sequences of

events are required.

This chapter completes the design of the digital con—

trollor for the electron beam lithography system. This design

effort addressed a major portion of the electron beam lith—

ography system. There are a number of improvements and design

enhancements that could increase the capabilities of the system.

(

_

) 
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Chapter 9 Conclusions and Recommendations

This thesis demonstrates the capability to employ micro-

processor control systems in very high speed applications. The

intent during the design of this controller was to exceed all

performance specifications. Since this pattern generation sys—

tern is used by the Air Force to verify industry claims, the

higher operational speeds and capabilities will be required

to generate sub—micron line widths and spacing in the near

future.

The design of the digital hardware was completed by this

thesis. The variable clock, the state generator and the van —

able bit density deflection counter were breadboarded and

verified the designs . The three boards that comprise the Micro—

L 

controller were wire—wrapped . The Zilog microcomputer system

delivered did not contain sufficient card slots to mount the

Micro—controller boards, therefore, the boards were never tested.

Another card—cage will be necessary to mount all the controller

boards . Since the Micro—controller was never tested , the fo l—

lowing discussion of system performance is based on engineering

estimates.

The hardware is capable of stepping the beam at a max-

imum rate of one megahertz. The beam can be moved from 0.01

microns to 0.49 microns per step, depending on calibration

and bit density. At the maximum step rate, and maximum step

size , a 20 micron square pad can be generated in 0.8 milli—

seconds . Depending on the software delays required to load
(.5__ ) 117 
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the controller registers and command the Micro—controller to

process the data, device that can be drawn inside the 20 micron

square (for instance, a transistor) might take from 0.6 to 1.5

• milliseconds. J~ach deflection field (4mm2 approximately 10,000

— 

20 micron squares) could take approximately 6 to 15 seconds. A

four inch wafer ( appr oximately 2 ,000 4mm2 deflection fields )

could take from 3.8 hours to 8.8 hours. The last figure is

based on a stag e positioning time to an adjacent deflection

field of one second .

These figures are based on maximuni step rate . If the

resist used required a longer beam dwell time, the above times

would be even longer . Obviously , these times would not be

reasonable for production runs. The effort of this thesis

was to produce system capabilities and not a production system,

since the Air Force is not in the business of manufacturing

integrated circuits. ~ith advanced technology producing faster

electronic devices, the controller could be made to meet

production speeds.

At the time of this design the fact or that limited the

bandwidth of this control system was the digital—to—analog

converter. Sixteen bits of accuracy with a conversion rate

(voltage output) of one microsecond was not available. Any

efforts to increase the bandwidth of the controller should

begin with the design of a very fast , precise , and accurate

digital—to—analog converter. However , the bandwidth of the

Micro—controller is four times faster than the bandwidth
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specified in the requirements. Therefore, efforts should

first be devoted to enhancing the capabilities of the current

system.

There arc three areas for future study that would greatly

enhance the capabilities of the electron beam lithography sy-

stem. Each of these three areas below would require a combina—

tion of hardware and software design.

1) Graphics Package

2) Auto—alignment

3) VarIable Beam Current

The graphics package would provi de the capability to display

the pattern either while it is being drawn or take the raw

data and generate the pattern on the screen. Ideally this

package would have a sophisticated editing capability to allow

the user to modif y the data by modifying the display.

The auto-alignment package would enable the system to

align itself for pattern generation. This is normally a time

consuming task of 15 to 20 minutes each time the system is to

be run. In order to accomplish the task, hardware would have

to be designed to interface with the video signal of the scan-

ning electron microscope . This hardware would also have to

automatically adjust the offset and gain of the digital—to—

analog converters for the deflection system. Software could

be used to sequence the auto—alignment.

The last area of study would add a great deal of flexi-

bility to the patterns that could be drawn by the electron
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beam. Varying the beam current adds another dimension to the - 
-
-

capability to draw lines of varying widths and depths, and
at various speeds. In some cases increasing the beam current

will enable the line to be drawn at a faster rate, thus in-

creasing throughput. Decreasing the beam current will decrease

the splash around the beam , thus lines of finer widths could

be drawn. This capability will increase the complexity of the

data generation routines since another variable w&ll be added

to the equations . The data generation software would have to

be addressed with this enhancement.

The software described in Chapter 8 was not developed

as part of this thesis . The enhancements discussed above

assume that this software will have been designed and coded.

Since the Micro—controller cannot operate without the soft-

ware , these systems should be designed and coded before

enhancements are considered. The design of this software

package is recommended as a graduate project. A thorough,

independent design will enhance the capabilities of this

system even further.
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-5— — - 1-5 -

Board 1 Integrated Circuits

j~osition Type Position Type

1—1 3N74175 1—25 SN74 175

1—2 5N74175 1—26 SN74175

1—3 SN7 4L5367 1—2 7 5N74JS367

1—4 SN74LS367 1—28 SN74LS367

1—5 ~Th!2l02AJ 1—2 Q M1~2l02AJ

1—6 Mfl2 1O2AJ 1—30 MM2 1O2AJ

1—7 MM2 1O2AJ 1—31 !~M2102AJ

1—8 ~Th121O2AJ ) —32 M1~12lO2AJ

1—9 11?42102AJ 1—33 MM21O2AJ

1—10 MM21O2AJ 1—34 MN21O2AJ

1—11 Mf421O2AJ 1—35 t~!¼2lO2AJ

1—12 F4M2 1O2AJ 1—36 ~M2 1O2AJ

1—13 SN74175 1—37 SN74175

1—14 51174175 1—38 SN74175

S1174L3367 1—39 3N741S367

1—16 sN74Ls367 1—40 5N74L5367

1—17 MM2 1O2AJ 1_Ill  t~’d~12102AJ

1—18 111M2102AJ 1—42 IiTh121O2AJ

1—1’ MM2 1O2AJ 1—43 lvffvl2lO2AJ

1—20 M112102AJ i—41i. .Th12102AJ

1—21 MM21O2AJ 1~1+5 1~1M2l02AJ

1—22 r~’M2102AJ 1—46 MM21O2AJ

1— 23 ~41~T2l02AJ 1—47 M1.12102AJ

1—24 r.Th12102AJ 1—48 MM2 1O2AJ
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Board 1 Integrated Circuits

Position Tv~e Position Type

1~11.9 3N74175 1—55 MM21O2AJ
1—50 SN74175 1-56 MM21O2AJ

1—51 51174Ls367 1—57 ?‘Th~2l02AJ

1—52 511741S367 1—58 14M2102AJ
1—53 MM21O2AJ 1—59 MM21O2AJ
1~ 514 MM21O2AJ 1—60 MM21O2AJ
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Pin to Pin Connections for Board 1

The Zilog Wire—wrap Board is preconfigured with 16

pin sockets with the V~~ Plane connected to pin 16 and

with the GND Plane connected to pin 8. In order to use

the memory, the connecting plane was etched away from

the and G?ID pins, electrically isolating them. A

power and ground bus was connected to all the memory

using wire wraps. Note the following examples to read

the Appendix.

IC PIN IC PIN

5 9 11 6

This means a wire was physically connected to these two

uniquely defined wire wrap posts.

IC PIN IC PIN

5 7 A28

A wire was connected from IC 5 at pin 7 to Column A of’

the strip on the top of the wire wrap board pin number 28.

IC PIN IC PIN

5 14 68

IC 5 pin ill was connected to Ldge connector pin number 68.

The 14 pin dips are mounted with pin 1 in socket number one.

This requires 2 be added to the right side (8—14) pin number

to arrive at the adjusted pin number for the 16 pin socket.

This has already been done. Consequently, you will note some

connections to pins 15 and 16 of 14 pin dips .

Note: There are two columns of connections on each page.
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- ------ --- ‘- ----- — ---5——-- - -5•--5 _ V
~~~~~~

__
~ 

-5_ -5 -5 V_-5V___ V_

F Board 1

~~~~~~~
35 14 36 111 35 15 36 15

35 16 36 16 35 1 36 1

35 2 36 2 35 7 
- 

36 7
35 6 36 6 35 5 36 5

35 4 36 4 35 8 36 8

35 3 36 3 35 13 36 13

33 14 34 ~ L$. 33 15 311

F - 

33 16 34 16 33 1 311 1

33 2 311 2 33 7 31$. 7

33 6 311. 6 33 5 34 5

33 4 34 4 33 8 34 8

33 3 34 3 33 13 34 13

31 iLl 32 14 31 15 32 15

31 16 32 16 31 1 32 1

31 2 32 2 31 7 32 7

31 6 32 6 31 5 32 5

3]. 4 32 Ii. ~ 1 8 32 8

3]. 3 32 3 3~. 13 32 13

29 14 30 111. 29 15 30 15

29 16 30 16 29 1 30 1

29 2 30 2 29 7 30 7

29 6 30 6 29 5 30 5

29 30 4 29 8 30 8

29 3 30 3 29 13 30 13
(__ ) 131
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I

Board 1
I
’

,

~30 14 31 14 30 15 31 15

30 16 31 16 30 1 31 1

30 2 31 2 30 7 3]. 7
30 6 31 6 30 5 3], 5
30 4 31 11’ 30 8 31 8

— 30 3 31 3 30 13 31 13

32 ~~ 33 iLl. 32 15 33 15

32 16 33 16 32 1 33 1

32 2 33 2 32 7 33 7
32 6 33 6 32 5 33 5
32 4 33 4 32 8 33 8
32 3 33 3 32 13 33 13

34 14 35 14 311 15 35 15

34 16 35 16 34 1 35 1

311 2 35 2 :3k- 7 35 7
a 34 6 35 6 31$. 5 35 5

34 4 35 4 34 8 35 8
34 3 35 3 34 13 35 13

36 14 27 3 36 15 27 5

36 16 27 7- 36 1 27 9

36 2 27 11 36 7 27 13

36 6 28 3 36 28 5
36 4 28 7 36 8 28 9

36 3 28 11 36 13 28 13
( \
- - 
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______________________________________________________ 1
-— V

—-5.—-- - -.

Boar I :i.

I~~~ fl~
1]. 14 12 14 11 15 12 15

11 16 12 16 11 1 12 1

11 2 12 2 11 7 12 7

11 6 12 6 11 .5 12 5

11 4 12 11. 11 8 12 8 
V

11 3 12 3 11 13 12 13

14 10 14 9 15 10 15

9 16 10 16 9 1 10 1

9 2 10 2 9 7 10 7

9 6 10 6 9 5 10 5

9 4 10 4 8 10 8

a’ 
9 3 10 3 9 13 10 13

7 14 8 14 7 15 8 15

7 16 8 i6 7 1 8 1

7 2 8 2 7 7 8 7

7 6 8 6 7 5 8 5
7 11. 8 4 8 8 8

7 3 8 3 7 13 8 13

5 14 6 14 5 15 6 15

5 16 6 16 1 6 1

5 2 6 2 5 7 6 7

5 6 6 6 5 5 6
5 4 6 4 8 6 8

5 3 6 3 5 13 6 1)
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VVV ~~~~~~~~~~~~~~~~~~~ — —  4 _ VV. V.~~ V _ V _ V _.~~~~V V _  ~

__ V-5_ V.~~•V. VVV~ V VV_•~-5V__ _ V _

Board 1

Q~~~ i1~
6 14 7 111 6 15 7 15

6 16 7 16 6 1 7 1

6 2 7 2 6 7 7 7
6 6 7 6 5 7 5
6 4 7 4 6 8 7 8

6 3 7 3 6 13 7 13
8 14 14 8 15 1’~

H 8 16 16 8 1 9 1

8 2 9 2 8 7 9 7

8 6 9 6 8 9 5

8 4 Ii. 8 8 9 8

8. 3 9 3 8 13 9 13

10 14 11 14 10 15 11 15

10 16 U. 16 10 1 11 1

10 2 11 2 10 7 11 7

10 6 11 6 10 5 11 5

10 4 1]. 4 10 8 11 8

10 3 11 3 10 , 13 11 13

12 111 3 3 12 15 3 5

12 16 3 7 12 1 3 9

12 2 3 1]. 12 7 3 13

12 6 11- 3 12 11 5

12 11. 7 12 8 4 9

12 3 4 11 12 1.3 4 13
“I—

‘--5—
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Board 1

I~~~~1~
3 1 27 1 3 3 27 2 H

3 5 27 4 3 7 27 6

3 9 27 10 3 11 27 12

3 13 27 1~1. 3 15 27 15

3 1 3 15 Ij. 1 28 1

4 3 28 2 4 28 4

4 7 28 6 4 28 10

Li. 11 28 12 4 13 28 14

27 1 28 1 28 15 28 8

4 15 4 8 23 14 24 14 1:

23 15 24 15 23 16 2~-l 16 7

23 1 24 1 23 2 24 2

__________________________ ____  

H 

_____  
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Board 1

~~~~~~ PIN ~~~~~pfl~ ~~~~~pTh

19 7 20 7 19 6 20 6

19 5 20 5 19 4 20 14.

19 8 20 8 19 3 20 3

19 13 20 13 17 14 18

17 15 18 15 17 16 18 16

17 1 18 1 17 2 18 2

17 7 18 7 17 6 18 6

17 5 18 5 17 4 18 4

17 8 18 8 17 3 18. 3

17 13 18 13 18 14 19 14

18 15 19 15 18 16 19 16 - -

I — 18 1 19 1 18 2 ‘ 19 2

18 7 19 7 18 6 19 6

18 5 19 5 18 4 19 4

18 8 19 8 18 3 19 3

18 13 19 13 20 14 21 14

20 15 21 15 20 16 21 16

20 1 21 1 20 2 21 2

20 7 21 7 20 6 21 6

20 5 21 5 20 Ii- 21 4

20 8 21 8 20 3 21 3

20 13 21 13 22 14 23 14

22 15 23 15 22 16 23 16

22 1 23 1 
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Board 1

22 7 23 7 22 6 23 6

22 5 23 5 22 4 23 4

22 6 23 8 22 3 23 3

- 
22 13 23 13 24 14 15 3

211 15 15 3 24 16 15 7

2~1 1 15 24’ 2 15 11

24 7 15 13 24 6 16 3

21J~ 5 16 5 214 4 16 7

24 8 16 24 3 16 11

2~4 13 16 13 15 3 39 2

15 5 39 4 15 7 39 6

15 9 3 - 10 15 11 39 12

1.5 13 39 iLl. 15 1 15 15

3-
~~ 

1 39 15 39 1 28 1

15 1 14- 1 16 1 15 15

39 15 40 1 ~40 15 40 8

i6 15 16 8 51 1 51 15

51 1 40 1 51 15 52 1

52 15 52 8 47 14 48 14

47 15 15 47 16 48 16

1 48 1 47 2 48 2

47 7 48 7 47 6 48 6

47 Li.8 47 4 48 L~

47 8 48 8 47 3 48 3
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Board 1

-

-

47 13 4~ 1 3 114 146

46 i~ 4 ’ i~ 16
14 ’ , J 46 1 4~ 46 ;~

7 46 7 L e t  6 146 6
1.e5 5 14-6 1~ ’ 14 46 4
11’  1,6 I i ’  Ll 6 _j 

- 

—

145 1 5  i~l 4 3 j l j  414 114

4 3  is  1414 1~ 4 3  16 44 16

1 44 4 i  2 1114 2

14,3 7 414- 7 4~3 6 44 6
144 ‘ , 14 3  14 1~14

43 414 14 ~

43 13 1414 li. 1 14 /4 ; ’ 114

41 I ‘~ 142 41 16 16

41 1 42 1 41. 2

41 7 142 7 4]. 142

~4 1 ‘
~ ~i2 41 1, 14-2 4

~J 1 B / ,2 B 141 142

41 1) 42 1) 4;-’ 14 14

42 1,  L i i  1~ 14;’ 14 3 16

42 1. 43 1 1s;~’ 2 43 2

142 7 4 5  7 42 (‘I 143 6
142 14) 142 ‘4 43 14

42 8 I i .)  8 42 43 3

1 38
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Board 1

42 13 43 13 44 14 45 14

144 15 45 15 44 16 45 16

144 1 4s 1 44 2 45 2

44 7 4~ 7 44 6 45 6
44 5 44.5 5 44 4 44.5 4

144 8 45 8 L~4 3 /4.5 3
44 13 45 13 46 14 47 14

46 15 47 15 46 i6 47 16

46 1 11.7 1 46 2 47 2
46 7 47 7 46 6 47 6
1i.6 5 47 5 46 L~. 47 4

46 8 L~.7 8 46 3 47 3

46 13 L4.7 13 48 14 39 3
48 15 39 5 48 16 39 7

148 1 39 9 48 2 39 11

48 7 39 13 48 6 40 3
48 40 5 L1~8 4 40 7

48 8 4’o 43 3 40 11

48 13 40. 13 140 2 16 3

40 4 16 ‘) 40 6 16 7
40 10 16 9 40 12 16 11

40 14 16 13 39 2 51 2

39 4 .5’ 4 3~ 6 5]. 6

39 10 51 10 39 12 51 12
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t3oard 1

L~~~ UL~
39 14 51 14 40 2 52 2
44.0 4 ~2 11. 140 6 52 6

40 10 “2 10 40 12 52 12

40 14 52 111. 5 :) 14 60. 14

59 15 60 15 5~ 16 60 16

59 1 60 1 5-~ 2 60 2

59 7 60 7 ~~ - 6 60 6

59 60 5 59 14 60 4

59 8 60 6 59 3 60 3

57 14 58 14 57 15 58 15

57 16 58 16 57 -l 58 1

57 2 56 2 57 7 58 7
57 6 58 6 57 - 58 5
57 4 L~. 57 8 58 8

57 3 58 3 55 14 ~6 14

55 15 56 15 5’, 16 56 16

55 1 56 1 ~~ 2 56 2

55 7 56 7 5’S 6 56 6

55 5 56 5 55 14

5,5 B 8 5’, 3 56 3
1,3 1 5  ‘~. 3 14 54 14

5) 1 ~4 1’~ 53 1a  54 16

53 1 514 1 53 2 54 2

53 7 54 7 53 6 514 6
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Board 1

1~~~~ 1I~
53 5 54 5 53 4 54 4

53 8 54 8 - 53 3 54 3

53 13 514 13 54 14 55 14

514. 15 55 15 54 16 55 16

54 1 55 1 54 2 55 2
— 51. 7 55 7 54 6 55 6

514. 5 55 5 54 4 55 4

54 8 55 8 54 3 55 3

511. 13 13 56 14 57 14

56 15 57 15 56 16 57 16

56 1 ~7 1 56 2 57 2

56 7 57 7 56 6 57 6

56 5 57 5 56 4 5? 14

56 8 57 8 56 3 57 3
56 13 57 13 58 1/4 59 1/4

58 15 5Q 15 58 16 59 16

58 1 5. 1 58 2 59 2

58 7 59 7 58 6 59 6

58 5 59 5 58 4 59 14

58 8 59 8 58 3 59 3

58 13 59 13 60 14 51 3

60 15 51 5 60 16 51 7

60 1 51 60 2 51 11

60 7 51 13 60 6 52 3
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-- p - -
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Board 1

60 5 52 5 60 4 52 7 V

60 8 52 9 60 3 52 11

60 13 52 13 1 50 1

49 9 50 9 49 13 53 12

49 12 54 12 49 5 55 12

49 4 56 12 50 13 57 12

50 12 56 12 50 5 59 12

50 4 60 12 13 1 14 1

13 9 14 9 1. 1 2 1

1 9 2 9 25 1 26 1

25 9 26 9 37 1 38 1
-

~~~~~~~~~ 37 9 38 9 1 1 13 1

1 9 13 9 14 1 26 1

14 9 26 9 25 1 37 1

25 9 37 9 38 1 50 1

38 9 50 9 13 13 17 12

13 12 18 12 13 5 19 12

13 4 20 12 14 13 21 12

1.14 1.2 22 12 14 5 23 12

14 11 24 12 1 .13 5 12

1 12 6 12 1 5 7 12

1 14 8 12 2 13 9 12

2 12 10 12 2 5 11 12

2 44 12 12 25 13 29 12

( . 142
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Board 1
I
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LQ~~~~~
25 12 30 12 25 5 3]. 12

25 4 32 12 26 13 33 12

26 12 34 12 26 5 35 12

26 4 36 12 37 13 41 12

37 12 42 12 37 5 113 12

37 4 41i. 12 38 13 45 12

38 12 46 12 38 5 47 12

38 4 48 12 53 11 47

511 11 48 55 11 49

56 11 50 57 11 51

58 11 52 59 11 53

60 11 54 49 15 108

119 10 109 49 7 110

49 2 111 50 15 112

50 10 113 50 7 114

50 2 115 17 11 23

18 1]. 24 19 11 25

20 11 26 21 11 27

22 1]. 28 23 11 29

211 11. 30 13 1.5 84

13 10 85 13 7 86

1.3 2 87 iLl. 15 88

1~1 10 89 14 7 90

14 2 91 2 1 69
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Board 1

2 9 70 16 1 66

3 2 5 3 4 6

3 6 7 3 10 8

3 12 9 3 14 10

4 2 11 4 4 12

4 6 13 4 10 14

4 12 67 1. 14 68

5 11 15 6 11 16

7 11 17 8 11 18

9 11 19 10 11 20

11 11 21 12 11 22

1 15 76 1 10 77

1 7 78 1 2 79

2 15 80 . 2 10 81

2 7 82 2 2 83

25 15 92 25 10 93

25 7 94 25 2 95

26 15 96 26 10 97

26 7 98 26 2 99

37 15 100 37 10 101

37 7 102 37 2 103

38 15 104 38 10 105

38 7 106 38 2 107

29 3.1 3]. 30 3.1 32
V 
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Board 1

31 11 33 32 1]. 311.

33 11 35 34 11 36

35 11 37 36 11 38

1.1 11 39 42 11 40

43 11 41 44 11 42
145 11 43 46 ii 44
47 11 45 48 ii 46

5 9 6 9 5 10 6 10

7 9 8 9 7 10 8 1.0
9 9 10 9 9 10 10 10

11 9 12 9 11 10 12 10
10 9 11 9 10 10 11 10

8 9 9 8 10 9 10
6 9 7 9 6 10 7 10

5 9 11. 8 5 10 4 16

17 9 18 9 17 10 18 10

19 9 20 9 19 10 20 10

2]. 9 22 9 21 10 22 10

23 9 211 9 23 10 214 10

22 9 23 9 22 10 23 10

20 9 21 9 20 10 21 10
18 9 19 9 18 10 19 10

17 9 16 8 17 10 16 16

29 9 30 9 29 10 30 10
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Board 1

JJ~ ~.Ui LC. A~IIi I~ Fill
31 9 32 9 31 10 32 1.0

33 9 34 33 10 314 10

35 36 9 3’S 10 36 10

34 9 35 34 10 35 10

32 9 33 9 32 10 33 10

30 31 30 10 31 10

20 C) 28 8 29 10 28 16

9 42 141 10 142 10

43 9 44 9 43 10 44 10

115 46 9 45 10 46 10

47 ( )  48 C) 47 10 48 10

46 C) 47 - 46 10 47 10

144 4c 414 10 11-5 10

42 C) 11.3 9 142 10 11.3 10

141 40 8 41 10 40 16

53 9 9 53 10 10

55 9 56 o 55 10 56 10

57 ~) 58 — 
~7 10 58 10

60 59 10 60 10

58 9 50 C) 513 10 50 10

9 57 -) 56 10 57 10

514 55 514 10 55 10

53 0 52 8 53 10 52 16
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Board 1

- - U
- 

i~ fl~i
-

~ 1 8 3 1 16 1

2 8 4 2 16 2

3 8 64 3 16 62
- 4 8 •65 4 16 63

147
(~ ) 

~~~~~~~~~~~~~~~~
- — — - --, . ~~~ - - V V



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -5 — -V -——--—--5— -5-.- ———-5- -— --5- —— --V. V.V

-- —-5-

L2:~~JL.?:~~~ i[_2-6 J~~63tL2-62 I _ _ _ _

r2.61 1

~ R ~ ~~~i i~ ~i ~
~2.4s] ~~~~ ~2~46~ k~51 k411

~ ~~~~~ ~
242 I 241 24O~ k~

} 
~

~ 35~ ~~~~ ~2~34~ ~2~33~ k321 ~23 1~ ~2i3O~ ~2.29] ~-5281 ~ 27~ ~2~26~ k2~~

L241 ~~23~ ~—22~ ~~~~ ~~2O~ ~~19~ ~2~18~ ~2 i  7~ L16~ ~2— 15fl2 14~ ~2—~~~

2.121 ~.11 h2.1O1 ~~ H ~ 42.5 ~ ~2-53 1
~
2.2

~ H
144- 8

- ~~~~~~~~ —~~~~---——- -- -— - - - - - ~~~-- - - - -  



pp..-.-- —
~~~~~~~~~~~~~~~~~~

—— V-5—V- -5--,- - 
- _ .J __, -,--_ ‘1

Board 2 Integrated Circuits

Position Type Position 
____

2-1 SN?1l175 2—25 S1’17404

2—2 3N74175 2—26 sN7421

2— 3 ~N74 175 2—2 7 SN74191

2—14 3N7417.5 V 2—28 5N74191

2—5 3N74175 2—29 SN74191

2—6 sN744-175 2—30 SN74191

2—7 SN74175 2—31 SN74175

2—8 sN74175 
- 

2—32 SF17404

2— 9 SN74L~367 2—33 SN7404

2—10 SN71.k3367 2—34 SF174138

2—11 5N74L3367 2—35 SF174138

2—12 SN71-1.L3367 2—36 SF17408

2—13 SF174175 2—37 SN74177

2—14 SF174175 2—38 SF174138

2— 15 SF174175 2—39 SN7LI O4

2— 16 5N74175 2—40 SF17485

2— 17 SF174175 2—44- 1 SN7’1.85

2—18 SN74175 2—42 SF17485

2—19 SF174175 2—43 SN7485

2—20 SF17404 2—4 11 SN7485

2-21 SF17408 2—45 SN7485

2—22 SF174138 2—46 sF17485

2—23 SF174138 2~117 SF17485

2—24 SF17402 2—48 SF17485
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Board 2 Integrated Circuits

Position Typ! Position T~ p~
2—49 3N74175 2-58 /4-114R

2— 50 SF17400 2— 59 4114R

2—51 SF17400 2—60 i4-114R

2—52 SF17474 2—61 SF174175

2— 53 SF174714 2-62 Dip Switch(8)

2—54 5N71474 2—63 Dip Switch(8)

2—55 SN747L1. 2—64 Dip Switch(8)

2—56 14114R 2—65 Dip Switch (4)

2—57 4114R 2—66 Dip Switch (8)
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i~in to I-in Connections for Board 2

The ~.-i1og ivire—wrap Board is preconfi~ured with 16

pin sockets with the Plane connected to pin 16 and

with the GNU Plane connected to pin U . dote the following

examples to read the Appendix .

IC PIN IC PIN

5 9 11 6

This means a wire was physically connected to these two

uniquely define-I wire wrap posts.

IC PIN IC FIN

5 7 A28

A wire was connecte l from IC 5 at pin 7 to ~o1umn A of

the strip on the top of the wire wrap board pin number 28.

5-5 
1C PIN IC PIN

5 14 68

IC 5 pin 14 was connected to Edge connector pin number 68.

The 14 pin dips are mounted with pin 1 in socket number one.

This requires 2 be added to the righ t side (8-14) pin number

to arrive at the adjusted pin number for the 16 pin socket.

This has already been done. Consequenl;Jy . you will note some

connections to pins 15 an~J 16 of i4 pin sips .

Note: There are two columns of conneei,Imis on each page.
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Board 2

PIN ~~~~~~IN
Bil 813 813 814

B14 Bl5 B15 B16

B16 B17 B17 B18

B18 Bl9 B19 B20

B21 B23 823 B24

8214- 825 825 B26

B27 B29 829 B30

B30 831 B31 B32

1332 B)) B33 B34

B314. B35 B35 B36

B37 B39 B3Q B40

B40 B41 B41 1342
824.2 1343 1343 B44

844 B45 n45 B46

847 B49 1349 850

B50 B51 B51 B52

852 B53 B53 B5L$.

854 B55 1355 B56

Cli C21

C27 C37

CL1 7 V 60 1 60 2

60 3 60 4 60 5 60 6

60 7 60 8 59 1 59 2

59 3 59 4 5 59 6
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Board 2

I~~~~ 11~
59 7 59 8 58 1 58 2

58 3 58 4 58 5 58 6 H
58 7 58 8 57 1 57 2

.57 3 57 4 57 5 57 6

57 7 57 8 56 1 56 2

56 3 56 4 56 5 56 6

56 7 56 8 C26 C28

C32 Gnd C22

60 16 C49 60 15 CV5O

60 lIs. C51 60 13 C52

60 12 C53 60 11 C511-

60 10 C55 60 -? c~6

59 16 C39 59 C40

59 14 041 59 13 C42 
- -

59 12 C43 59 11 044

59 10 C45 59 9 C46

58 16 029 58 15 C30

58 14 C31 58 13 C32

58 12 033 58 11 C314-

58 10 C35 ‘,8 9 C36

57 16 C23 57 15 024

57 14 025 57 13 C26

56 16 C13 ~6 15 ci4
14 C15 56 13 C16
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Board 2

i~~~~ 1~
56 12 Cl? 56 ii C18

56 10 C19 56 9 C20

48 3 C26 46 3 C26

44 3 C28 42 3 C28

6
~
o

59 15 45 13 49 14 45 12

59 13 45 10 59 12 46 15

59 ii 46 13 59 10 46 12

5() C) 46 10 4~ 4 46 5
21.5 3 46 6 4’; 2 46 7

58 16 43 15 43 13

58 14 14-3 12 58 13 43 10

56 12 44 15 58 11 214 13 
V

58 10 44 12 58 44 10

57 16 42 15 7 15 42 13

57 14 42 12 57 13 42 10

43 4 421. 5 43 3 44 6
43 2 44 7 11.1 4 42 5
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Board 2

41 3 42 6 40 4 41 5

40 3 41 6 14-0 2 4]. 7

56 16 40 15 56 15 40 13

56 114. 4-0 12 56 13 14.0 10

56 12 41 15 56 ii 11.1 13

56 10 4]. 12 56 9 41 10

12 9 40 1 12 7 40

12 5 40 11 12 3 40 9

V. 
1]. 9 41 1 11 7 41 14

1]. 5 41 11 11 3 41 9
12 1 12 8 12 15 12 8

11 1 11 8 11 15 11 8

10 1 10 8 10 15 10 8

9 1 9 8 9 15 9 8

47 0 1~~ 9 14.7 11 45 11

47 14 45 iLi. 47 1 45 1

43 9 42 9 43 11 42 11

43 114. 42 14 43 1 42 1

10 9 47 1 10 7 47 114.

10 5 47 11 10 3 14.7 9
45 9 43 9 14. 11 43 11

45 14 43 14 45 1 43 1

48 9 46 9 48 11 46 11

48 14 46 14 48 1 46 1
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Board 2

~c u~ 1 Q U ~
23 3 35 3 23 2 35 2

23 1 3~5 1 35 14. 48 1

35 3 48 14 :33 2 48 11

35 1 48 9 44 9 3

44- Ii 9 5 41~. 9 7

414- 1 -? L14 46

44 11 46 11 4-Li- 14 46 14

44 1 46 1 34 ~3 22 3

34 2 22 2 314 1 22 1

34 4- 35 4- 34 3 35 3

34 2 35 2 314 1 35

40 6 36 2 4-0 6 21 1

43 6 21 4 45 6 21 14

47 6 21 12 24 1 36 1

24 4 21 2 214. 12 21 5

21 11 21 1-~ 21 11 21 5

21 7 21 8 5 8

22 22 U 36 36 8

23 - )  23 U 23 ‘
~~ 35 6

35 6 36 3 3Li- ~~ 22 6

21 3 22 6 8 7 -
~

8 1 7 0 21 10 8

Li- t) I A~4 4 )  -
~~ AB AB

P 33 3. 3 4- 23 4

16- ’
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Board 2

32 7 32 8 20 7 20 8

33 7 33 8 34 15 32 15

34 14 32 13 34- 13 32 11

34 12 32 5 314. 11 32 3

314 10 32 1 34 9 20 15

34 7 20 13 22 15 20 11

22 14 20 .5 22 13 20 3

22 12 20 1 22 U 33 15

22. 10 33 13 22 9 33 11

22 7 33 5 8 4 12 11

8 15 12 13 8 12 1]. 11

8 13 11 13 7 4 10 11
- 

- 7 5 10 13 7 12 9 11

7 13 9 13 4-9 L4- 12 11

49 5 12 13 49 12 11 1].

149 13 11 13 AB A4 10 11

AR A5 10 13 AB B5 9 11

AB 84- 9 13 AR A2 31 13

AB A7 31 12 AR B2 31 5

AR B7 31 4 49 15 19 1)

49 10 19 12 49 7 19 5

49 2 19 4 8 15 17 13

8 10 17 12 8 7 17 5
V. 8 2 17 14. 7 15 18 13
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Board 2

LQ ~~~ 
PIN 12 ~~~ 12 ill!

7 10 18 12 7 7 18 5
7 2 18 4 31 1 19 1

31 9 19 9 17 1 18 1

17 9 18 9 31 1 18 1

31 9 18 9 49 1 37 1_S H

37 1 1 1 6 1 5 1

Li 1 3 1 2 1 1 1

16 1 15 1 14 1 13 1.

7 1 6 1 5 1 4 1

3 1 2 1 15 1 114 1

1 4 1 6 9 5 9

4 9 3 9 2 9 1 9

16 9 15 9 14- 9 13 9

31 15 30 9 31 10 30 10

31 7 30 1 31 2 30 15

19 15 29 9 13 10 29 10

19 7 29 1 19 2 29 15

18 15 28 9 18 10 28 10

18 7 28 1 18 2 28 15

17 1.5 27 9 17 10 27 10

17 7 27 1 17 2 27 1.5

30 1LI. 29 13 30 5 29 5
28 14 27 13 28 5 27 5

29 14 28 13 29 5 28 5
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Board 2

U 12 111! 12 12 12 Fl!!
30 42 5 37 1 38 6

- V. 

38 6 27 5 30 4 30 8

29 4 29 8 28 4 28 8

27 Li. 27 8 27 1LI 25 1

25 4 30 11 25 4 29 11

25 4 28 11 25 4- 27 1].

26 1 30 12 26 2 29 12

26 4 28 12 26 5 27 12

26 15 26 6 26 7 26 8

26 11 26 12 26 12 26 14

26 11 25 2 25 7 25 8

25 3 26 10 25 3 37 6

V. 
26 10 50 2 50 2 50 5

50 5 5]. 2 51 11 51 14 
V.

5]. 5 5]. 11 51 5 51 2

50 7 50 8 51 7 51 8

37 7 37 8 37 14- 38 3

37 2 38 2 37 11 38 1

38 4 38 5 38 5 38 8

38 7 39 15 38 9 39 13

38 10 39 11 38 11 39 5

38 1.4 39 3 38 15 39 1

39 1.4 5]. 1 39 12 51 4

39 10 51 12 39 6 51 15
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Board 2

U

39 4 50 1 39 2 50 4

52 Li- 53 15 53 12 53 1

53 15 51 3 53 12 51 6

53 4 51 10 54 15 55 12

511. 15 53 4 51i. 12 54 14.

51 13 51. 12 55 15 55 1

50 3 54 1 514. 1 55
50 6 52 1 52 1. 55 4

32 111. 6 9 32 12 4 9

32 10 2 9 32 6 16 9
32 4- 14 9 6 13 7 13

6 12 7 12 6 5 7 5
6 4 7 Li- 5 13 8 13

5 12 8 12 5 5 8 5
5 4 8 14 4 13 2 13
4 12 2 12 4 5 2 5
4 I~. 2 Ii- 3 13 1 13

3 12 1 12 3 5 1 5

3 4 1 4 16 13 14 13

16 1.2 14 12 16 5 14 5
16 L~. 14- Li. 1.5 13 1.3 13

15 12 13 12 15 5 13 5
15 4 13 4 6 13 4 13

6 12 L~. 12 6 5 4

(
~
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Board 2

12 ~11~ 14 Ui! 14 PIN 14 PIN
V. 

6 Li. Li- Li. 5 13 3 13

5 12 3 12 5 5 3 5

5 4 3 4 4 13 16 13

4 12 16 12 4 5 16 5

4- 4 16 ’ 14- 3 13 15 13

3 12 15 12 3 5 15 5

3 Li- 15 Li- 24 2 214. 5

24 11 214 114. 24 3 24 13

211. 6 24 10 24 2 119

211. lLi. 120 24 3 121

211 6 122 23 7 11

23 9 10 23 10 9

23 11 106 23 12 107

23 13 108 23 14 109

23 15 110 35 7 111

-
~ 35 112 35 10 113

35 11 114 35 12 115

35 13 116 35 14 117

35 15 118 12 1Li- 76

12 12 77 12 10 78’

12 6 79 12 4 80

12 2 81 11 14 74

11 12 75 11 10 82

1]. 6 83 11 4 814.

(
~~ 
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Board 2

(-I 1 2 1 1 ! !
- 

11 2 85 10 14 72

10 12 73 10 10 86

10 6 87 10 4 88

10 2 89 14 70

9 12 71 9 10 90

9 6 9]. 9 4. 92

9 2 93 21 6 6

V. 
32 14 105 32 12 10~4-

32 10 103 32 6 102

32. 4 101 32 2 100

20 14 99 20 12 98

20 10 97 20 6 96

20 Li~ 95 20 2 94

33 i/-i. 61 33 12 60

32 10 59 33 6 58

3 1 14 25 1 5

17 1 8 17 -9 7

6 1.5 15 6 10 16

6 7 17 6 2 18 V.

5 15 19 5 10 20

5 7 21 5 2 22

Li- 15 23 4 10 24

Li- 7 25 Li- 2 26

3 15 27 3 10 28
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Board 2

12 ~1!! 12 14 12 Ui!
3 7 29 3 2 30

2 15 31 2 10 32

2 7 33 2 2 34

1 15 35 1 10 36
- - 1 7 37 1 2 38

16 15 39 16 10 4.0

16 7 1l~1 16 2 42

15 15 14.3 15 10 4-4

15 7 45 15 2 46

14 15 47 14 10 48

] .14. 7 ‘4.9 iLl. 2 50

13 15 51 13 10 52

13 7 53 13 2 54
V. 

52 5 57 53 11 56

53 5 55 511. 11 69
54 5 68 55 11 67

55 5 66 1 16 1

— 2 16 2 3 16 62

L~. 16 63 1 8 3
2 8 4 3 8 64

4 8 6~ 52 6 53 8
52 16 53 16 54 8 55 8
54 16 55 16 53 8 54 8
53 16 511 16 51 6 52 8

-

~~ 

_

~~~~ ) 5] . 1.6 52 16
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-5,

3~61

R H k~°~ H H ~ H H H
k481 H H Hi H Hi H k.411 H H H H

ER Hi ~ i Hi Hi H ~~~~~~~ H ~3~27~ ~3~26~ [3~25~

~~~~~~~ 
F3...23

~ ~ 
22~ ~~~~ HI ER H 17~ ER H ER H~Ei;i ~ ~ ~ ~ ~H E~ F~1 ~ 1 ~ ]13=21 ~
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Board 3 Integrated Circuits

Position Type Position Type

3—1. SN7408 3—25 SN 7I -I- ] .75

3—2 SN7L$-08 3—26 SN7LI.175

— 3—3 Unuscd 3—2 7 Unused

3~li. Unused 3-28 SF17408

3—5 Unused 3—29 SN7432

3—6 Unused 3—30 SF17474

3—7 Unused 3—3 1 SF17474
V 3—8 Unused 3—32 SN7408

3—9 Unused 3-33 SF17404

3—10 Unused 3—34 SF17408

3—11 Unused 3—35 SF17474

• ( 3—12 Unused 3—36 SN74L3367

3—13 SF174191 3—37 SN7LI175

3—].1- SF174191 3—38 SF174175

3—15 Unused 3— 39 SN74175

3—16 Unused 3—40 SN7Li.L~367
3— 17 Unused 3_Li- ] . SN74L~367
3—18 Unused 3—42 SF17408

3—19 Unused 3_1+3 SN74LS368

V 
3—20 Unused 3_Li-li. SF174175

3—21 Unused 3—45 SF174175

3—22 Unused 3—46 SN7L4~].75

3— 23 Unused 3—47 SF174175

3-21- Unused 3-48 3N71i.LS367
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Board 3 Inte~ratcd Circu its

Position Ti~e Position Type

3—49 SF174157 3—56 Unused

3—50 SF174157 3—57 Unused

3— 5 1 SF174157 3—58 Unused

3—52 SF174175 3—59 Unused

3—53 ~3N7Li-08 3—60 Unused

3— 54 SF174133 3—61 9408

3—_S_S 5N714-1S368
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Pin to Pin Connecti ons for Boar d 3

The Zilog Wire—wrap Boar..t is preconfigured with 16

pin socke ts wi th the ~~~ Plane connected to pin 16 and

with the GNL) Plane connected to pin 8. Note the following

examples to rea: the Appendix.

IC PIN IC PIN

5 9 11 6

This means a wire was physical ly connecte d to these two

uniquely •.iefined wire wrap posts.

IC PIN IC PIN

5 7 A28

A wire was connec ted fr om IC 5 at pin 7 to Column A of

the strip on the top of the wire wrap board pin number 28.

( IC PIN IC PIN

.5 1111 68

IC 5 pin 14 was connected to Edge connector pin number 68.

The 14 pin dips are mounted with pin 1 in socket number one.

This requires 2 be added to the right sile (8—14) pin number

to arrive at the ai~usted pin number for the 16 pin socket.

This has airealy been done. Consequently , you will note some

connections to pins 1.5 and 16 of 14 pin cu ps.

Note: There are two columns of connections on each page.
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Board 3

IQ Uli A~ Lu Uli
48 14 36 14 48 12 36 12

48 j6 15 48 1 36 1

48 1 48 15 36 1 36 8

48 9 47 13 48 7 47 12

48 5 47 5 48 3 47 4

48 9 45 13 48 7 45 12

48 •~~ 45 5 48 3 45 4

36 9 44 13 36 7 44 12

36 5 44 5 36 3 44 4
36 7 46 12 36 5 46 5

36 3 46 4 44 1. 45 1

44 9 45 36 14 36 12
• 45 1. 46 1 47 1 46 1

• 47 9 46 47 1 48 12

52 13 3~ 13 52 12 39 12

52 5 39 5 52 4 39 4
• 2~ 13 3)  13 25 12 39 12

25 5 39 5 25 11 39 4

25 5 37 25 4 37 4

52 13 44 13 52 12 44 12

52 5 44 5 52 Li. 44 4

26 13 38 13 26 12 38 12

26 5 38 5 26 4 38 4

_ 38 13 45 13 38 12 45 12
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Board 3.:. j ~
38 5 45 5 38 4 45 4

A21 GNL) A28 V~~,
A24 A25 A24 A6

13 5 14 5 35 2 35 14

52 1 13 5 35 2 5

52 1 A25 44 2 56 3

44 7 56 3 44 10 56 10

44 15 ~6 13 45 2 57 3

45 7 57 6 45 10 57 10

45 15 57 13 £i6 2 59 3
46 7 59 6 46 10 59 10

47 2 60 3 47 7 60 6

47 10 60 10 47 15 60 13

8 56 15 57 8 57 1.5

58 8 58 15 5~? 8 59 15
60 8 60 15 43 8 43 1

43 1 43 15 55 8 55 1

55 1 55 15 55 2 ~6 2

55 4 56 5 55 6 56 11

55 10 56 14 55 12 57 2

55.. 14 57 5 43 2 57 U

43 4 57 14 43 6 58 2

43 10 58 5 56 2 58 37
• 56 5 58 38 56 11 58 39

( )  189
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Board 3

56 14 58 40 57 2 58 41

57 S 58 42 57 1]. 58 43

57 14 58 44 58 2 58 45

58 5 58 46 59 2 58 47

59 5 58 48 59 11 58 49

58 3 58 6 58 6 58 15

58 3 58 15 60 2 50

60 5 ~ 51 60 11 52
60 14 53 55 3 54 4.

55 5 54 5 55 7 514 6

55 9 54 7 55 11 54. 10

55 13 54. 11 43 3 54 12

43 5 54 13 43 7 54 14

43 9 15 43 12 54 9

511 1 54 4 51. 2 54 5
• 54 54 6 4.3 11 40 12

43 11 34. 2 56 1 57 1

57 1 58 1 56 1 53 6

56 4 Cli 56 7 C12

9 C13 56 12 C1k

57 4. CIS 57 7 C16

57 9 Cl? 57 12 C18

58 4 C19 58 7 C20

59 4 A? 59 7 A8
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Board 3

59 9 A9 1 60 1

35 11 34 12 1 35 11
48 10 i1~ 48 6 118

48 Li. 117 4.8 2 116

• 36 10 115 36 6 11.4

36 11 113 36 2 112

4.8 11 58 48 1.) 57

36 11 56 36 13 55
411. 105 46 9 106

60 4 C5 60 7 C6
60 9 C7 60 12 08
11.2 15 42 3 42 12 4.2

42 1.5 1.2 4 42 1 4.2 2

4.2 5 32 15 42 1 29 4

• 42 11 34 11 42 14. 34 15

4.2 6 24 42 13 25

- 

42 10 26 35 5 34 ~~

35 15 34 6 35 13 34. 13

35 3 34 3 35 1 35 15

35 7 35 8 34 1 1.7 9

34 4 32 1 26 1 25 1

28 3 26 1 28 3 32 1

25 1 37 1 38 1 39 1

37 1 38 1 37 1 105
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Board 3

34 11 30 34 15 29

34 11 32 Li. 34 5 33 Li.

34. 10 33 3 34 7 34 8

33 7 33 8 32 7 32 8

29 7 29 8 28 7 28 8

33 1 32 6 33 2 32 2

32 15 28 32 11 33

32 13 31 13 32 14 31 6

32 10 30 3 32 5 32 12

32 5 31 10 32 3 31 4

31 4 31 12 31 12 30 4

31 10 29 .5 30 2 29 3

30 5 29 11 29 4 29 1

29 1 11.2 1 29 4 53 14
-

• 53 14 52 2 49 1 50 1

5]. 1 52 2 50 1 5] . 1

29 4 23 29 10 81

29 12 32 29 6 28 5

31 7 31 2 31 2 31 8

31 3 28 10 28 12 52 3

28 4 31 28 6 80

28 11 1.07 28 1 28 2

28 1 44 1 28 1 53 13
• 

53 19 C9 53 12 54
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l3oard )

H 53 15 32 11 53 7 53 8

53 3 r~3 14 L~3 5

53 1 AJ 2 A5

53 1]. 10 53 10 A2

42 6 Al 40 10 Cl

4.0 6 02 40 Li. C3
40 2 c4 4.0 10 1 10
4.0 6 36 40 35
40 2 ..~‘l 40 1~i 76
40 1. 40 15 40 15 41 15

40 1 77 40 3 112
40 5 11) 4.0 7 111.

4.0 c~ 115 40 11 116

40 13 117 41 3.2 79
41 11 118 41 13 11°

37 1 37 105

37 7 L~c 37 2 49 2

38 :_3, • 38 106

38 15 50 14 38 10 50 11

7 50 38 2 50 2

39 15 51 14 39 10 51 11

39 7 51 5 39 2 51 2

51 3 MO 51 6 A12

51 10 Al) 51 13 A1LI

3.93
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Board 3

1~~~~~1li
50 3 A15 ‘;o 6 A16

50 10 Al? 50. 13 A18

49 3 A].9 4q 6 A20

All GN1. 51 8 51 15

50 8 50 15 49 8 49 15

5]. 4 10 51 7 11

5]. 12 51 3.2 13

50 4 14 50 7 15

50 9 16 50 12 17

49 4 18 49 7 19

26 9 25 9 25 9 66

26 15 14. 9 26 10 114 10

26 7 14 1 26 2 114 15

25 15 13 9 25 10 13 10

2 5 7 13 1 25 2 13 15

14 14 1 6 ill. 4 14 8

14 12 1 1]. 114 ii 13 11

13 13 1 5 13 12 1 12

13 Li 13 8 13 11 2 6

13 14 2 3 1 1 1 II

1 2 1 11 1 3 1 4.

1 7 1 8 2 4 42 13

2 5 68 2 1 67

2 2 4.2 1.0 2 7 2 8
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Board 3
~~

1.~ L~.tf 1.~ P~~ .LQ LZli 
~~1 16 1 13 16 2

2 16 3 14 16 4
1 8 62 1.3 8 63
2 8 64 14. 8 65
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Board 4 Integrated Circuits

Position Type 
~osition TYDC

Unused 4—2 5 Unused

14—2 Unused 4—26 Unused

• 4—3 SN74L~3367 4—27 Unused

4—4 SN74L~367 4—2 8 Unused

4—5 Sfl74.175 4—29 SN74157

4—6 SN 7 L1.175 4—30 SN74191

4—7 SN74175 4—31 SN74157

4—8 SN74.175 4—32 SN74191

4—9 3N74175 4—33 3N74157

4-10 sN74.175 4—~4 SN74191
• 4—u. 3N74175 4—35 3N74157

4— 12 3N711.175 4—36 SN7432

• 4— 13 SN7LI.8.5 4—37 Unused

4~].Z1. SF17485 4-38 Unused

4— is SN7485 4—39 5N7408

4—16 sF17485 4-40 SF17432

4— 17 SF174175 4—41 SF171132
4—18 SF174175 4-42 SF17408
4— 19 SF174175 4_1}3 SN7LI32

4— 20 • SF174175 4—4.4 SN7Li.08

4— 21 SN7Ii.175 4—4 .5 5N7402

4—22 SN??. 175 4—~i.6 SN7404

4—23 5N711.175 4-47 SF17408

4-24 3N74175 1
~-1+8 SF174.32
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Board 4 Integrated CirenIt~

Po3ition TvDe Pos ition Type
• 11—49 Unused 14—56 SF17408

4—50 Unused 4—57 SN74138

4—51 Unused 4—58 SN74175

4—52 SF174111 4—59 SN7485
- li ..53 5N74136 4—60 sF17485

4—54 3N74136 4—61 Dip Switch(8)

SF174111 4—62 4114R

t r
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Board S integrated Circuits

Position TYDO Po3itlon TYDO

5—1 Unused 5—2 5 Unused

5—2 Unused 5—26 Unused
• 5— 3 SN7ki.~367 5—27 Unused

5—4 SN74.i~ 367 5-28 Unused

5—5 SN74.175 5—29 5N74157
5—6 • sN74175 5—30 SF174191

5—7 5N7417, 5—31 SN74.157

5—8 SF174175 5—32 SF174191

5—9 SF17417.5 5—33 SN74.157
5—10 SF174175 5—34 3N74191

5— 11 3N74175 5—35 SF174157

5—12 5N74.175 s—36 SF17432

5—13 3N7465 L._j 7 Unused

5—14 SF17485 5—38 Unused

5— 15 SF17485 5—39 5N7408

~— 16 sF174.65 5—4.0 SF174.32

5—17 5N74 17s 5-41 SF174.32

5—18 SN7417~, 5—42 SN7408

5—19 5N74175 5—143 5N7432

5— 20 5N74175 5—44 SF17408

5—21 5N74175 5—45 SF17402

5—22 SF174175 5-4.6 SF17404

5—2) SN74175 5—4.7 3N74.08

5—24. SF174175 5—48 SF17432
20 )
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• Board 5 Integrated Circuits

Position Tv~e ~osition Type
5—4.9 Unused 5—55 5N74111

5—50 Unused 5—56 SN7LI.o8

5—51 Unused 5—57 SF174138

5—52 SF17411]. 5—58 Unused

5—53 SN74136 5—59 Unused

5—54 SN7L1.136 5—60 Unused
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Board 6 Integrated Circuits

Position Type Position Type

6— 1 5N74L5367 6—25 SN74.175

6— 2 5N74LS367 6—26 SF174175

6—3 SF174193 6—27 SN74175

6—11. sN74i~ 3 6—2 8 SF174175
• 6—5 SF17408 6—2 9 SN74175

6—6 sF17404 6—30 SN74175

6—7 5N7432 6—3 1 SN74 17s

6—6 SF174.08 6—32 SF174175

6—9 ~N74193 6—33 5N74 175

6— 10 ~;r474193 6—34 SN74175

6—11 Unused 6—35 SF174175
-1

6—12 Unused 6—36 3N711-175

6—13 SF174175 6—37 SF174193

6— 14. sF174175 6—38 SN74 193

6— 15 SF17417’; 6—39 SF174193

6— 16 sF174175 6—40 SN74193

6—17 SF174175 6-14]. 5N74 193

- 6—18 sF17417’; 6—42 3N74193

6— 19 5N74175 6—43 SF174193

6—20 SF174175 6—411 SF174193

6— 21 SF174175 6—4~ 5N74193

• 6—22 SF174175 6—46 SF174193

• 6—23 SF174175 6—47 SF174193

6— 24 SF1714175 6—4.6 SF174193
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- - Board 6 Integrated Circuits
(.

Position TYPO Position Type
- 

6—49 SF17485 6—55 5N7485

6—5o SN7485 6—56 SF17485

6—51 SN7485 6—57 SN7485

6—52 SF17485 6—58 SF17485

6—53 SN7485 6-59 SN7485

6—~4 SF1 7485 6—60 sF17485
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