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INTEGRATED INJECTION LOGIC ALARM SYSTEM

I. INTRODUCTION

The aim of this work was to design and fabricate an alarm

system using integrated Injection Logic. Part of this project was to

investigate a suitable fabrication process for integrated injection

logic (I2 L) in the laboratory, since it was the first time that any

circuit using I2 L was fabricated in this laboratory.

Since the advent of integrated circuits different technologies

have been introduced to improve the performance of solid state

devices. Integrated Injection Logic (I2 L), which was introduced by

H. H. Berger and S. K. Wiedmann [6] in 1972, is a novel bipolar logic

and has certain outstanding features:

1. It has a very low power dissipation.

2. It provides high packing density.

3. It is convenient to make other interface circuits on the same

chip.

4. It is compatible with TTL and does not require any level

convertors.

5. The fabrication of I.C. 's using I2 L technique is relatively

simple and can be carried out using existing semiconductor

processes. It lends itself easily to ion implantation.



2

IL INTRODUCTION TO INTEGRATED INJECTION LOGIC

Integrated Injection Logic is a bipolar logic which has been

recently introduced [1]. The basic cell is made up of a multicollector

NPN transistor and a lateral PNP transistor. The base and the

collector of the PNP transistor are connected to the emitter and the

base of the NPN transistor respectively. For logic operations the

PNP transistor is used as an injector of the base current for the

NPN transistor in the same cell and as a current source load for a

NPN transistor in an adjacent cell. The NPN transistor operates in

the inverse mode by using the N substrate as a common emitter.

The basic cell operates as an inverter and is shown in Figure II-1

with its cross-sectional view.

Different features of I2 L are discussed below.

Packing Density

Integrated Injection Logic has the highest packing density of all

existing logics [2]. A comparison between I2 L and other logics is

as follows!

Area
Type of circuit (mma) Ratio

I2L 0.75 1

Static enhence P-mos 1.17 1.56
C-mos 1.11 1.48
Dynamic enhence P-mos 1.41 1.88
TTL 7.5 10



\Ibias

I

n

(1)

Figure II-1. I2L gate. (a) :Equivalent circuit.
sectional view.

(b) Cross

3
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This high packing density is possible because no resistors have to be

formed. The layout is simple which reduces the metal interconnec-

tions. High packing density reduces the cost and increases the

yield of the process.

Fabrication Process

The fabrication process is rather simple. It requires only four

masks and two diffusion steps [3]. A comparison between different

logic processes is shown below.

Mask steps

Diffusions

TTL CMOS IZL MOS

7 6 4 4

4 3 Z 1

The simplicity of this process reduces the cost of production to a

great extent.

Interface

It is possible to make interface circuits on the same chip,

although for bipolar interface it requires seven masks.

Analog and digital circuits on the same chip are also

possible [4]. Since both I L and TTL are emitter grounded, it has

level compatibility with TTL. No level converters are required for

interfacing with TTL, as the driving capability is comparable with
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I2 L. This driving capability is due to high injection current which is

a clear advantage over a MOSFET approach.

Current in the gates can be increased by adjusting the size of

the PNP and NPN transistors or by the width of the base of PNP

transistor. Furthermore, for a change of 60 mV in the supply

voltage, the current changes by a factor of 10, which makes circuit

operation more flexible.

N+ Isolation

It is advantageous to use N + isolation around the base of NPN

.transistor as shown in Figure 11-2. N + isolation helps to reduce the

parasitic diode current, and reduces parasitic lateral PNP action

which cuts down injections which are most detrimental [51. Thus N

collar increases the hole efficiency and the current gain p and

therefore speed.

Fanout

The current gain 1 is a function of fanout and p decreases as

fanout is increased [11. This fact limits the fanout. In the circuit

investigated the maximum fanout used is 5, although fanin is not

limited.
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Injection
line

(a)

n

Figure 11-2. Schematic of 1.21, structure using Nt isolation.
(a) Layout. (b) Cross sectional view.
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Current Hogging

Current hogging due to differences in the base emitter junction

will be minimized in I2 L because the different bases and emitters are

combined into a single multicollector transistor [2].

Transfer Characteristics

Transfer characteristics [1] of I L for the following data are

shown in Figure 11-3.

Vbias = 200 mV, 600 mV = voltage applied at the emitter of
PNP transistor

I
P o

/ino = 0 1 0.02 I , L = current constants for PNP and
Po no NPN transistors respectively

pn(F) is the parameter pn (F) = current gain of the transistor
as a function of transistor's
fanout

Referring to Figure 11-3, it can be noticed that only a very

small voltage is needed for the transition from one stable binary

level to the other. However, in practice 500 mV is the lower limit.

This limit is due to a possible current gain degeneration at lower

currents (100 nA).

Noise Margin

Noise margin (AV) may be defined as

KT 1 1-1AV - ln[ IP() Ino (F
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Vbias z: 600 rriV
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Vin (mV)

500 600

,Figure IL-3, Transfer characteristics cif I2 1, gate. Vbias = 200 my
and 600 mV with p n(F) as a parameter.



where

190, Ino = current constants

9

F = fanout

13 n = current gain of NPN transistor

for F = 1, In /I = 20, AV = 60 mV which is relatively small [1, 7].
o 90

Higher noise immunity can be obtained by using higher injection

current or larger geometry. Since there are no resistors, absolute

current level is not fixed and can be varied.

Logic Gates

The simplest logic gate in I2LL s a Nand gate as shown in

Figure II-4(a). Different logic combinations can be simplified in I2
L

which take a lot less area than in other techniques. This can be seen

from Figure 11-4. I
2 L logic is fully static, requiring no multiphase

clock [3].

Other advantages of I2 L circuits are: 1) current of the gate

can be adjusted by the size of PNP or NPN transistor or by the width

of the base of PNP transistor; 2) at the output higher voltage swing

can be obtained by using an appropriate load resistance and supply

voltage; 3) propagation delay time can be improved by the use of

smaller dimensions (this is because all stray capacitances and

junction capacitances will decrease with the square of linear



B

(a)

A 0
B

AB

AB A o
I AB

o
Q

)°c 0 ) AB-F-cD

D a CD A CD

(b)

A 0
B 0

Q o
A 8 cD C 0

!I

D 0'

(c) (d)

Figure 11-4. Logic gates. (a) Basic 12L cell or inverter. (b), (c) and (d) Perform
the same logic function.
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dimensions [1] ); and 4) temperature stability is superior and ranges

from -55 °C to 125 o C.

From the above mentioned comparisons of the different logics,

the choice of I2 L to build an alarm system seems very reasonable.
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III. DESIGN CONSIDERATIONS

The alarm system described here has several input terminals

to which sensing devices can be connected. This circuit has three

input terminals. One of the inputs is such that a number of terminals

can be connected in parallel (i.e., the fire input in this circuit). It

also has an active terminal and upon closure of this terminal the

circuit goes into operation. Another terminal called deactivate is

used to interrupt the output signal (if there is any) and is also used

for resetting the counter stages in this circuit. This circuit has two

different outputs corresponding to each input combination. There is

also a delay element incorporated in the circuit which keeps the

output high for a certain period of time and then brings it back to low

logic level.

Finally there are some test circuits which are used to deter-

mine any fault in the circuit or the condition of the input terminals.

A detailed description of the desired features is given below.

1. Activate terminal (A): When this terminal is closed, the circuit

should he in operating condition.

2. Deactivate terminal (B): The purpose of this terminal is to

interrupt the output whenever the output is high. Also this

switch is used for resetting as will be seen later. This

terminal is normally open.
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3. Burglar inputs (C, D): It is desired to use two burglar termi-

nals, one of them normally open (C) and the other normally

closed (D). Whenever any one of these terminals changes

state, an output signal from the burglar output alarm is

obtained.

4. Fire input (E): This input is designed so that it can have more

than one input terminal in parallel. Normally it is open. If

any one of the input terminal closes, an output signal from the

fire output alarm is obtained.

5. The outputs (F, G): It is required to have two outputs. One

output responds to burglar input signal (F) and the other for

fire input signal (G). Thus it is possible to distinguish between

different input signals. The condition of these terminals in

logic form is given in Table 1.

Table 1. Terminal states.

Terminal Open Close Normal

A 0 1 1

B 0 1 0

C 0 1 0

D 1 0 0

E 0 1 0

The above requirements can be represented by a truth table

(Table 2).



Table 2. Truth table.
Inputs Outputs

B C D E F G

o 0 0 0 0 0 0

o 0 0 0 1 0 0

o 0 0 1 0 0 0

0 0 0 1 1 0 0

o 0 1 0 0 0 0

o 0 1 0 1 0 0

o 0 1 1 0 0 0

o 0 1 1 1 0 0

o 1 0 0 0 0 0

0 1 0 0 1 0 0

o 1 0 1 0 0 0

o 1 0 1 1 0 0

o 1 1 0 0 0 0

o 1 1 0 1 0 0

o 1 1 1 0 0 0

o 1 1 1 1 0 0

1 0 0 0 0 0 0

1 0 0 0 1 0 1

1 0 0 1 0 1 0

1 0 0 1 1 1 1

1 0 1 0 0 1 0

1 0 1 0 1 1 1

1 0 1 1 0 1 0

1 0 1 1 1 1 1

1 1 0 0 0 0 0

1 1 0 0 1 0 0

1 1 0 1 0 0 0

1 1 0 1 1 0 0

1 1 1 0 0 0 0

1 1 1 0 1 0 0

1 1 1 1 0 0 0

1 1 1 1 1 0 0

14



Using Karnaugh maps, logic expressions for outputs F and G

are obtained.

CDE CDE CDE CDE CDE CDE CDE

AB

AB

AB

AB

AB

AB

AB

AB

15

CDE

F = + CD + C5]

F = Af3- [D + CD] (1)

CDE CDE CDE CDE CDE CDE CDE CDE

G = AB [ aE + CE]

G = Al3E (2)

Equations (1) and (2) can be represented by the logic diagram as in

Figure III-1, which shows the logic diagram for the alarm system in

its very basic form.

It is desirable to add the following features to this logic.

1. Test logic for checking conditions of different input terminals.

LED's will be used for this purpose.

2. Fire input consists of many terminals connected in parallel and

are installed at different places. To indicate any fault (e. g.,



A 0

B

C 0

D C

Figure Basic logic cliaurarn for alarm system.
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open circuit fault) in these lines interconnecting different

terminals some test logic is required.

3. Whenever any of the input terminals is operated, the output

will go from low logic level (0) to high logic level (1 ). In the

above logic diagram the output will remain high until the

deactivate terminal is operated. It is also desired that when-

ever the output goes high, it should remain high for a certain

period of time and then automatically come down to low logic

level. For this purpose some type of delay element in the

circuit is needed. This delay element will be discussed in

detail later and for the time being this circuit is represented by

a box © in the logic diagram.

Logic Design of Test Circuits

Test Circuit I

This circuit is used to check the activate and deactivate

terminals (A, B). If any of these terminals is not in its normal

position, the current will start flowing through the diode. To mini-

mize the power dissipation, the logic has been designed such that the

current flows only when there is a fault in the circuit. Thus the

output of the transistor TI will be low in case of fault, shown in

Figure III-2(a).



0-

Output of a test circuit

Figure 111 2. The logic diagram of test circuit J.

+3V

18



The truth table for this circuit is:

A B C

0 0 0

0 1 0

1 0 1

1 1 0

TI = A1T3

19

(3)

Equation (3) gives the required logic and is shown in Figure III-2(b).

Burglar Terminal Test Circuit

This test circuit would be used to check the terminals B, C

and D, with the same considerations mentioned in the last test

circuit.

B

The truth table for this test circuit is:

C D TII

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1 0

1 0 0 0

1 1 0 0

1 1 1 0

TII = BCD (4)

The required logic is given by equation (4).

Fire Input Test Circuit

An indication is needed in case of a fault (open circuit, etc.) in
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the lines connecting the terminals at different places. As can be

noticed in Figure 111-3, there are two different sections of the

circuit, in the sense that one (S1) is all the time connected to supply

and the other (S2) is not. Therefore, two different test circuits

(Test III and Test IV) have been used, as shown in Figure 111-3.

This test circuit can be understood as follows:

Let us assume:

TIII TIV TV

Normal condition 1 1 1

In case of fault 0 0 0

Then the truth table is:

TIII TIV TV

0 0 1

0 1 1

1 0 1

1 1 0

TV = TIII TIV (5)

Equation (5) gives the required logic for fire input test circuit.

Figure 111-4 shows the logic diagram for the alarm system including

all the test circuitry.

Circuit Design Considerations

The logic diagram shown in Figure 111-4 is now converted into

the actual circuitry, utilizing the characteristics and features of I2 L.
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Figure 111-3. Fire terminal.



Figure 111-4. Logic diagram of alarm system implementing test circuits.
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Consider a basic cell of 12 I, in Figure 111-5. If switch S
1

is

open, then the base emitter junction of the NPN transistor is forward

biased, T
1

is ON and the output is logic 0 [1]. V ce 1
of T is

approximately zero. Thus Ip of T2 will flow through T1 to ground and

T2 will be OFF. Its output is logic 1. Now if switch S1 is closed,

I of T1 will flow to ground and T1 will be cut off and its output will

be 1. This will cause I of T
2

to flow in the base of T
2

The base

emitter junction of T2 will be forward biased, thus bringing its

output to logic 0. This basic cell acts as a transistor switch or

inverter.

The NAND logic has been used here because a NAND gate can

be obtained by using only one transistor.

Supply Voltage

Three volts supply has been selected, since the diodes in the

test circuits require over 1.5 volts, otherwise 1.5 volts could also

have been used. Output voltage swing is 0-0.6 V.

Fire Input Test Circuit Considerations

The fire input test circuit requires little explanation. Refer-

ring to Figure 111-6, consider the test circuit III. If there is no fault

in the line, T3 will remain ON. But in case of fault the base of T3

will be open circuited and T3 will be OFF. Note in this case a



f

7T7

1 itrt III 1 L ii1 ihverter,

Z.4

-t3 V +3 V
0

(ThL

To the circui
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regular I2 L transistor with injector could not be used. Thus T3 is a

regular bipolar (vertical NPN) transistor. R2 will help to turn T3

OFF in case of open circuit.

For test circuit IV, the base of T2 is grounded through R1.

Normally output at T2 will be high. But in case of open circuit in

line P2 P3' Ip will forward bias T2 and the output of T2 will be low.

This change will be indicated at the output of T5. Value of R1 is

selected such that value of voltage drop across R1 will not turn T1

ON. T1 will be ON only when any of the terminals is closed. T1 is

also a regular bipolar (vertical NPN) transistor. Therefore T1 will

be ON only when 3V is applied to its base through a resistor.

Different ways to design this logic were considered but some of them

were not possible because of fabrication limitations, whereas others

were too complicated. For instance, it was not possible to use the

PNP transistors, because all of them were grounded base.

Output Stage

In Figure 111-7, T1 is the output transistor. T
0

is external to

the circuit. Normally the output of T
1

is high, therefore no current

flows through T0. But in case of fault, the output of T1 goes low

and the base emitter junction of T is forward and T
0

starts

conducting.
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Figure 111-8 shows the circuit diagram of the alarm system

including test circuitry. The delay element has been shown as a

box 30

Dela Circuit

For the delay element shown as box Ezi in the previous

figures, the following circuits were considered: 1) monostable

multivibrator; 2) Schmitt trigger; 3) relaxation oscillator using

unijunction transistor; and 4) astable multivibrator with frequency

counters. Each one of these is briefly discussed below. Selection of

one of these circuits is based on the following considerations.

1. Since only four masks have been used to fabricate I2 L circuit,

only two types of transistor are available in the circuit. One is

the inverted vertical NPN transistor with its emitter grounded

and the other is a lateral PNP transistor with grounded base.

This poses a limitation on the selection of transistors to be

us ed.

2. In this technology, the sheet resistance of P type diffusion is

200 C2 /tq and that of N+ diffusion is 200 / sq. N+ diffusion

has been used for resistors because of positive supply voltage.

Due to the low value of sheet resistance, it is only possible to

make resistors up to few hundred of ohms. Capacitors are not

feasible because it will take too much area to make even a
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very small value capacitor. So there is a limitation on using

circuits with high value resistors.

3. External components have been used only when it is inevitable,

such as a few capacitors and high value resistors.

4. In this circuit, the value of current is very small and so is

the current gain p This requires very high value resistors

to obtain certain voltage drops, which again poses a limitation.

Monostable multivibrator [8]. A monos table multivibrator is

shown in Figure 111-9. Transistor T2 is normally ON. Whenever the

input is triggered T1 turns ON and T2 is turned OFF for a period of

time (t) determined by the RC time constant. After time t, T2 is

again ON. The time constant t is given by the relation t = 0.69 RC.

This circuit was not suitable for the following reasons:

1. Trigger input to this circuit should be in the form of a pulse,

whereas in this circuit when fault occurs, a change in level is

obtained. Thus to obtain a pulse it would require a differ-

entiator, which means using external capacitor and resistor

and this is undesirable.

2. Since the value of current in this circuit is quite small (10-100

iiA), the resistors would be very high, and this means addi-

tional external resistors.

Relaxation Oscillator Using Uni,junction Transistors (UJT)

[8, 9]. The construction of UJT is shown in Figure III-10(a, b). This



Figure 111-9. Basic monostable multivibrator.

Vout

30



(a)

(b)

V c

777

(c)

Figure Ili -10. Unijunction transistor. (a) Cross sectional
view. (b) Basic relaxation oscillator.
(c) Capacitor voltage wavetorrn.

31
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circuit should be biased for astable operation, i.e., the load line

determined by Vice and R1 must intersect the input characteristics in

the negative resistance region. The capacitor C charges to the peak

voltage V , the device turns ON and the capacitor discharges to the

valley voltage Vv, whereupon the cycle repeats. The capacitor

voltage appears as shown in Figure III-10(c). The charging time is

given as T1 = R
1C

in (V cc Vv V cc Vp). The reasons this

circuit was not selected are:

1. If positive voltage is applied to p-type diffusion, a forward

biased PN junction is formed which is undesirable. Use of

negative voltage was not feasible.

2. To determine the valley points (Vv) and the peak points (Vp) the

characteristics of the device should be known and that could not

be determined before hand.

3. Since a PNP constant current source is to be used for charging

the capacitor, it is not possible to charge it to more than 0.7 V.

This reduces the charging time.

Schmitt Trigger [8]. The existence of only two stable states in

this circuit results from the fact that positive feedback is incorporated

into the circuit and the loop gain of the circuit is greater than unity.

The Schmitt trigger with its additional circuitry is shown in Figure

III- 1 1.



Sink

Figure III -11. Schmitt trigger.

Q
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Normally the input is high, so T1n is always ON and the

capacitor is discharged, the output Q is low and T1 is OFF. When

input goes low, the transistor T goes OFF. Now the capacitor is

charged to the voltage Vin where Vim = VBE VRe When the capa-

citor C is charged to Vin, T
1

turns ON which makes T2 OFF and

gives high logic level at the output.

The time for charging the capacitor to Vin can be controlled by

choosing proper values of C and injection current I , using I =

C (dv/dt). Some circuitry is needed that would act as a sink for the

capacitor C.

The reasons this circuit was rejected are:

1. Because all the NPN transistors are emitter grounded, it is not

possible to have Re in the circuit.

2. The capacitor can be charged only up to 0.7 volts which limits

the charging time.

3. Since current is the exponential function of voltage and a

variation of 0.1 volts can make the current change by the order

of 10. Thus it is difficult to predict accurately the charging

time of the capacitor to V. ,
in

Astable Multivibrator [10]. The astable or free running

multivibrator has no stable state. The basic circuit is shown in

Figure III-12. Assuming T1 has just turned ON and T2 has just

turned OFF at t = 0. The voltage across c
2

is approximately V cc
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Figure H1-12. Basic astable. rnultivibra tor.
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which makes VBE2 -Vcc° The initial voltage across C
I

is approxi-

mately zero. The base end of C1 is clamped to VBE (ON) of T1. Cl

charges rapidly through RC2 to Vcc. The RC2 C1 time constant

causes the leading edge of the output wave to be rounded. T1 is

held on by the current from V cc through RI. The collector end of C2

is clamped to VCE (sat) of T1. C2 begins to charge in such a way

that VBE2 rises toward Vcc. When VBE2 reaches VBE(ON)z, T2

begins to turn ON, the resulting negative voltage excursion at the

collector of T2 is coupled through C1 to base of T1, turning T1 OFF.

The circuit at t = T/2 is now in the opposite state from that at t = 0.

The reverse process is repeated from t = 1-12 to t = T; at t = T, the

circuit returns to original state. Figure 111-13 shows the different

wave forms.

Since resistors take up too much area, it was not advisable to

fabricate them on the chip. Instead, these resistors were replaced

by constant current sources which are just PNP transistors with

their base grounded. This is shown in Figure III- 14.

The advantage of using a constant current source in place of a

load resistor are following:

1. It takes too much area to build one resistor in the circuit.

Using 0.4 mil minimum dimensions it will take 800 mils 2
to

build one 10 K resistor assuming sheet resistance for N+ type =

20 C2/ sq, whereas one I2 L cell takes up merely 7.2 mils2.
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Figure 111-13. Astable multivibrator waveforms.

BE (on)
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Figure III-14. Astable multivibrator using constant current
source PNP transistors.
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Also the aim is to minimize the external components, as much

as possible. So by using lateral PNP transistors as constant

current sources, the number of external resistors was reduced

from 4 to 2.

2. By replacing each resistor by a constant current source for

charging the capacitor, excellent linear characteristics are

obtained.

R1 and R2 in Figure III-14 are used externally and will be used

to limit the current, which will determine the charging time of the

capacitors and hence the cycle time.

In Figure 111-14 the circuit has been designed such that

transistor T3 is always ON, which ensures that T2 is always OFF.

Thus output at T2 is always high. At the time of fault, T3 goes OFF

and the circuit acts as astable multivibrator.

Design Considerations.

Data Vcc = 3 V

= 5 (assume)

a = 0.5 (assume)pnp

Vce (sat) = 0.1 V

T = 1 second

voltage swing = 0.1 V to 0.6 V

The capacitors needed for this circuit should have minimum

leakage current. The value of capacitors used was 30 p.f.
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Figure III- 15. Astable multivibrator showing values of different
components.
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Selecting charging time of one capacitor

T2 = 0.5 sec

dv
. . using I = c dt

O. 5I= 30 x 10 6 x 0.5

I = 30µA.

us ing a = 0. 5

and

30 x 10-6IEP -
O. 5

= 60 p.,A

12 = 2 IEP = 2 x 60 x 10-6 = 120

12 = 0.12 mA

3 0.6R2 - - 20 k
O. 12 x 10-3

R2 = 22 k (selected)

lc = p I = 5 x 30 x 10-6 = 150 µA

Ic
I
c 150

= = x 10-6 = 0.3 mAcp a O. 5

I
1

= 2 x 0.3 x 10-3 = 0.6 mA

3. 0 0. 6
R1 4 k

0.6 x 10-3

R1 = 4.7 k (selected)

Thus, R1, R2, c
1

and c
2

are the only external components.
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Frequency Co 1E2 t e [ 11 ]. After considering different

types of counters the one most suitable for this circuit was selected

and is shown in Figure III- 16. It is a J-K master slave flip flop,

but with J-K inputs not connected, therefore it acts as T-type master

slave flip flop. Reasons for selecting this counter are:

1. This circuit uses 8 NAND gates and the basic I2 L also acts as

a NAND gate, only eight cells are required to replace the whole

circuit.

2. This circuit is level sensitive, i.e., its state at output changes

only when input goes from 1 to 0, or at falling edge. Thus no

differentiator circuit is required.

3. Reset R can be connected to deactivate terminal in the circuit.

Figure III-17 shows how frequency division is obtained. Assume

one cycle per second is obtained from the astable multivibrator. Thus

for a delay of 32 seconds at least six counter stages should be used.

Truth Table for F/F:
Qn

Ck Qn+1

o o 1

o 1 1

1 0 0

1 1 0

It is noted that output changes only when Ck goes from 1 to 0. Reset

is kept at logical 1 at all times. When reset is high the output Q

can be 0 or 1. After the fault has occurred, the counters should be

reset, which is done by operating the deactivate terminal.



Qn

R 0

1Th
I c

Q 1

M a s ter

I

Figure 111-16. Logic diagram for master slave flip flop.

Slave
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ilfni1itflunr1111111111111 Astalile MV output
-4 114-

SEC.

_FLF111111-1J-.1_1-1_ EL 1st stage

t=0
TI 2 = 16

2nd

3rd

4 th

Figure 111-17. Waveform chart for frequency counters.

5111
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The circuit diagram for the counter stage is shown in Figure

111-18. The box Ix I can be replaced by the circuit of Figure 111-18.

Figures 111-19, 20 and 21 are used to explain the logical operations

under different conditions. Figure 111-22 is the complete circuit

diagram for the alarm system using integrated injection logic.



Q

Figure III-18. Circuit diagram for a counter stage.
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010 out

Operation of the circuit has been explained with the help of logic
diagram in Figure

1st digit = Normal conditions t = 0, output = 0.

2nd digit= Fault just occurred t = 0 to 32 sec (') S- I 5- 32)

Output

3rd digit= Delay element operates t 32 sec

output 0

Figure 111-19. Logic diagram for normal operation of delay
element.



in

From deactivate
terminal (R)

011 100

111

t_4.

As table Counter 011
mV stages

111 000

111 000 0 Out
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1st digit = When the fault has occurred and output is again low
t > 32 sec

2nd digit = When deactivate terminal is just closed
3rd digit = When deactivate terminal is opened after closing it

The circuit is in its initial condiiions again.

Figure 111-20. Logic diagram for resetting of counters.
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From deactivate
terminal (R)

1st digit = 0 < t < 32 sec output = 1

2nd digit = The deactivate terminal is closed. The faulty
terminal is brought back to its original position.

3rd digit = The deactivate terminal is open again.

Figure 11.1- 21. Logic diagram for controlling output using
deactivate terminal.



Figure III-Z2. Complete circuit diagram of alarm system.
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IV. LAYOUT CONSIDERATIONS

A layout is said to be efficient if it: 1) minimizes used chip

area; 2) reduces power dissipation; 3) increases reliability and

gives high yield; 4) has good thermal tracking between different

components; and 5) has minimum crossovers between lines. This

circuit has been laid out keeping in view the above mentioned

cons ide rations .

The minimum dimension used in this circuit is 0.4 mils.

Thus metallic lines are 0.4 mils wide and spacing between them is

0.4 mils. The total chip area = 50 mils x 50 mils. The outer

spacing on each side is 2.5 mils. Chip area available for circuit

layout is 45 mils x 45 mils.

Output Pads

Pads are normally 4 x 4 mils and spacing between them is

usually 1 to 3 mils. But in this case due to the shortage of area the

pads dimensions are 3.2 mils x 3.2 mils and spacing between them

is 0.8 mils. Total number of pads used is 22 which is the same

number as used in a standard package.

Transistor Cell

A basic transistor with two collectors is shown in Figure IV-1,



0.4 4
0.4

0.4

0.4

.4

0.4

0.4
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Injection
line

O. 4

2.8

Figure IV- 1. Layout of an ILL tr<.i.nsistor (all dimenaions
are in mils).
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with its typical dimensions. In the actual circuit a different

number of collectors per transistor has been used. The total number

of transistors in this circuit is 88.

Counter Stage

In designing the layout for counters, the main aim was to

reduce the area as much as possible. Thus after many attempts the

layout which takes the least amount of area for a counter stage was

obtained and is shown in Figure IV-2. The area for one counter

stage is 134.4 mils 2.

The other consideration regarding the layout of counters was

the reset line (R). Since the reset line comes from deactivate

terminal, it was not very efficient to run lines from deactivate

transistor to all the counter stages, because these lines take up

considerable area and also cause problems of crossover. Thus only

one output was taken from the deactivate transistor, and the other

transistors were built in between the stages which were used for the

reset connections. Total number of counter stages used in this

circuit is four, though it can be increased if desired. The counter

stages are kept close in order to reduce the length of lines inter-

connecting different stages, thereby saying area.
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Resistors

The resistors have been built using N + diffusions. P-type

diffusion, although preferable because of its high sheet resistance

(ZOO C2 /sq versus 20 C2 /sq for N+ type diffusion), but was not suitable

because the supply voltage is positive 3 volts. The use of a P-type

diffasion for a resistor with positive voltage would result in a

forward biased P-N junction which is undesirable. The minimum

dimension in this circuit is 0.4 mils and to obtain 300 , it

requires:

300 - 15 squares of 0.4 milsz each
20

= 6 mils2

A layout for resistor is shown in Figure IV-3.

Crossovers

Crossover of lines has been avoided as much as possible. But

in certain cases it was advantageous to have crossovers, in order to

reduce the area. Crossover is shown in Figure IV-4. In case of a

crossover the P-type diffusion is used as isolation region and N+

diffusion for making contact between two lines. Because there is a

certain voltage drop in the N+ diffusion, care has been taken not to

have enough voltage drop which would affect the operation of the



Figure IV-3. Layout of a resibtor.
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Figure IV -4. A crossover.
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circuit. The injection line has not been connected through diffusion

because a small voltage drop in it can affect the circuit operation.

Ground Connection

To obtain ground connection, the N type substrate can be used.

But if an aluminum pad is directly connected to N type substrate,

a Schottky diode is formed, which is undesirable. To avoid this

.and have good ohmic contact, N+ diffusion is used on a N-type sub-

strate and then contact window is opened in N+ diffusion to connect it

to the aluminum pad. This is shown in Figure IV-5.

N+ Isolation

In order to improve the current gain p of a transistor and to

reduce the reverse saturation current, a N+ diffusion is used,

surrounding the transistor (NPN) from all sides except the side

toward the injection line. In the standard process this diffusion is

quite deep, at least deeper than the P-type diffusion. To obtain

deep isolation, an extra isolation mask is needed. However, in this

circuit N diffusion for collectors has also been used for isolation

purposes. Although this diffusion is not deep enough tub it should help

improve the current gain of the transistor to a certain extent.

Isolation diffusion is shown in Figure IV-6.
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Figure IV-5. Ground connec tiah.
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isolation

Figure IV-6. A transistor without injection,
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Transistor without Injection

There are some transistors in the circuit which do not require

current injection from the injection line. These transistors have

been isolated from the injection line by surrounding them from all

sides by N+ diffusion collar which prevents any lateral current flow.

Injection Line

The injection line runs all over the circuit from one end to

another. It may cause an appreciable voltage drop, from one end of

the injection line to the other. Wherever possible the width of the

metal running over the injection line diffusion has been increased in

order to reduce the resistance of the line and consequently the

voltage drop. The voltage drop in the injection line has been cal-

culated as follows.

The sheet resistance of aluminum = Rs = 0.1 cl /sq.

No. of squares from point A to B (refer to layout) = n = 60.

R = Rs x n = 60 x 0.16

Assuming higher value of injection current I
1

= 100 p.a.

Voltage drop = IR = 6 x 100 x 10-6 = 0.6 mV.

It is noted that the voltage drop in the injection line is negligible.
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Alignment Marks

Alignment marks are necessary in masking process. Some

alighment marks have been made in the corners and in the center

of the layout in order to facilitate accurate alignment of the different

masks,

Test Circuits

Different test circuits have been made with pad dimensions

of 2.0 mil. The test circuitry includes:

1. Resistor with N+ diffusion. To find the sheet resistance of

P-type and N+ diffusion.

2, Lateral PNP transistor to measure the common base current

gain (a ) of the transistor.

3. NPN trans is tor:

a) With and without N+ isolation

b) With different number of collectors

c) With and without injection

d) With different spacing between base diffusion and injection
line

The purpose of these test circuits is to study the effects of

these changes on the transistor characteristics and parameters.
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V. FABRICATION PROCESS

The geometrical layout was drawn to a size of 20 x 20 inches

and rubyliths were cut. These rubyliths were reduced 400 times by

a standard mask reduction process in the lab [12], and four masks

were obtained, namely 1) P-type diffusion mask; 2) Nttype

diffusion mask; 3) contact hole mask; and 4) metallization mask

(Figure V-1). The wafer used in this circuit was n- type, with

resistivity of 1 S-2 -cm and its crystal orientation was <100> .

The process to fabricate I2 L circuits did not exist in the lab

at the time when this circuit was built, therefore to come up with a

suitable process, changes were made in the parameters. The final

process used to fabricate I2
iL is discussed below.

Initial Cleaning of the Wafer

1. The wafer was rinsed with acetone and running DI water, and

was blown dry with nitrogen.

Z. Etched in buffered HF solution for 30 sec. to remove any

oxide film.

3. Rinsed in DI water, blown dry with nitrogen and was baked on

hot plate at 150°C for 3 min.



11

(a) P diffusion mask

(b) N+ diffusion mask

Figure V-1. Masks used in fabrication process.

t
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Initial Oxidation

A wet oxygen scheme was used. Oxidation furnace temperature

was 1100°C. The flow of oxygen was at a rate of 0.4 cfh, and it

bubbled through a water bath which was kept at 96°C. Oxidation time

(t) was calculated using

where

2
x Bt

x = oxide thickness

B r, a constant

= 0.375 p2 /hr for wet oxygen scheme

(5)

For t = 60 min, the oxide thickness obtained was 5000 X . Thickness

of the oxide was checked by using ring count method.

Photomaskin Procedure

Photoresist was applied immediately after the oxidation.

1. Positive photoresist AZ-111 was applied on the wafer. Spinner

timing used was 15 sec on 70% speed control.

2. Baked the slice in the vacuum oven for 10 min. The oven

temperature was 60 °C.

3. The wafer was aligned with the P- type diffusion mask and

exposed it to ultraviolet light for 4 sec.

4. Developed in AZ-303 which is the developer for AZ-111 for
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30 sec. Rinsed with DI water and was blown dry with

nitrogen.

5. The wafer was inspected for complete developing of the photo -

resist under microscope. A second developing was done since

the photoresist was not completely developed.

6. The slice was baked at 150°C on a hot plate for 10 min. Care

was taken not to over or underbake the wafer. If it is under-

baked, the photores is t will be removed during etching of the

oxide, and if it is overbaked it will be difficult to take the

photo res is t off.

7. Etching was done immediately after the developing of photo -

res is to

Base Window Etching

I. For oxide etching buffered HF solution (4:1) was used. The

rate of etching was approximately 1200 per minute. (If the

etching solution does not wet the back of the wafer, this means

that the etching process is complete..)

2. The wafer was rinsed in DI water soon after the etching was

complete.

3. Completion of etching was inspected under the microscope.

4. To remove the photoresist, wafer was rinsed in acetone and

then in DI water and was blown dry with nitrogen.
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5. The wafer was checked under the microscope for a) complete

removal of photores is t; and b) possible undercutting.

Base Deposition

I. The wafer was soaked in hot H
2

SO4 (80
oC) for 5 min, then

rinsed thoroughly in DI water.

2. Borofilm (1:1) was used to coat the wafer, using spinner set at

15 sec and then it was baked on the hot plate for 3 min at

150°C.

3. Boron deposition time was 15 min in boron deposition furnace

at 950°C with oxygen flowing at a rate of 0.4 cfh.

4. The water was boiled in DI water for 10 min to help remove

the boron film.

5. The wafer was etched in buffered HF (4:1) solution for 45 sec

and then rinsed in DI water.

6. The measured sheet resistance was 250 Q /sq.

Base Diffusion

1. The wafer was cleaned thoroughly.

2. It was laid on the boron diffusion boat in the middle of the

boron diffusion furnace.

3. Oxygen flow was turned on to 0.4 cfh in the furnace. The

furnace temperature was 950°C.
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4. Drive-in diffusion time was 70 min.

5. The diffusion boat was pulled to the end of the furnace tube and

was left in the tube to cool.

6. The junction depth was measured using angle lapping method.

= 1.4 micron

Photomasking for N + Diffusion.

The same photoresist process as in Photomasking Procedure

above, except that this time N+ diffusion mask was used. At some

places in this layout the spacing between the N+ diffusions was less

than 0.4 mils. To avoid possible short circuit between two adjacent

diffusions, the light exposure time was reduced to 3 sec from 4.

Care was also taken not to overdevelop the photoresist. This change

in the normal process gave satisfactory results.

Collector Window Etching

Same procedure as in Base Window Etching, except etching

time was less.

N+ Deposition

1. The wafer was cleaned thoroughly.

2. It was coated with a few drops of concentrated phosphorofilm,

using spinner set at 15 sec and was baked on a hot plate for

3 min at 150 °C.
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3. N+ deposition time was 15 min in phosphorus deposition

furnace with oxygen flowing at a rate of 0.4 cfh in the furnace

at 1050oC,'.

4. Boiled the wafer in DI water for 10 min to help remove the

phos phorofilm.

5. Buffered HF solution was used to etch the wafer. Rinsed in

DI water and was blown dry.

Measured sheet resistance was 15 S2 /sq.

+N Diffus ion

1. The wafer was laid on the N+ diffusion boat and pushed to the

middle of the furnace which was at 1050 o
C.

2. Turned on the oxygen flow (0.4 cfh) through the water bath at

room temperature.

3. Drive-in diffusion time was 60 min.

4. The wafer was taken out of the furnace and was cooled down to

room temperature.

5. Measured the junction depth using angle lapping method. It was

0.8 micron

Photomasking for Contact Mask

The same procedure was used as in Photomasking Procedure.

This time the contact mask was used.
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The contact holes after the oxide etching came out smaller

and its corners were not very sharp. This could have caused a

problem in having good contacts between the evaporated aluminum

and the diffusion surface. To obtain the contact holes of proper

width, the exposure time was increased to 6 sec from 4. This change

in exposure time gave reasonably good results.

Contact Window Etching

Same procedure as given in Base Window Etching.

Aluminum Evaporation

Standard evaporation process was used. After metallization

the wafer was kept in the alloying furnace for 10 min.

Photomasking for Metal Etching

Same procedure as in Photomasking Procedure. The photo

resist used in this case was AZ-1350. The metal contact mask was

us ed.

Metal Etching

1. The phosphoric solution was heated to 40°C in a petri dish.

2. The solution was removed from the hot plate and the unwanted

aluminum was removed.
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3. The photoresist was removed using acetone and then rinsed in

DI water. The circuit was ready for testing.

Figure V-2 shows a photomicrograph of the fabricated circuit.



(a) Complete I. C.

(b) A section of the I. C.

Figure V-2, Photomicrograph of the fabricated circuit.
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VI. EXPERIMENTAL EVALUATION AND CONCLUSIONS

The important parameters of the circuit were evaluated and

are discussed below.

.1. Sheet resistance: The test resistor was made of N+ diffused

region and the measured value of sheet resistance was 15 SZ /sq as

expected.

2. Breakdown voltage: The breakdown voltage of the collector

base junction was measured by applying voltage (reverse polarity)

across this junction.

BDVcb = 8 V

This value is quite low for collector base junction breakdown.

3. Leakage current: The leakage current (I
cbo) observed was too

high. For a collector voltage of 0.7 volts the leakage current was

20 p.A. For the proper operation of the circuit, the leakage current

should be in the nA range. The reason for such high leakage current

could not be determined. Figure VI-1 shows the breakdown voltage

and leakage current of a transistor.

4. Current gain: Current gain (p) of the NPN transistor was

obtained from V-I characteristics, and observed current gain was

unity. Due to this low value of p , the circuit did not operate as

desired. Reasons for low could be absence of epitaxial layer, poor

isolation between different transistors or higher base width.
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Current gain of the grounded base PNP transistor (a) was

observed to be 0.4 which was lower than the desired value.

Conclus ion

Although the test transistors worked as expected, the circuit

did not work as desired because of low current gain ((3 = 1) and high

leakage current. Possible reasons for such a low value of (3 and high

leakage current could be the following.

1. No epitaxial layer was used, which could have improved the

current gain. Its use reduces the leakage current to a great

extent.

2. Isolation used between the transistors was not deep enough and

this did not help in improving the current gain.

3. Smaller base width of vertical NPN transistor helps improve

the transport factor and hence current gain 13. But it was not

possible to keep a close check on the base width during diffusion

process.

4. Possible surface contamination might have affected the

operation of the circuit.

It is suggested that an epitaxial layer and an isolation mask

be used in the fabrication of this circuit. This should help improve

the performance of the circuit.
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