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ABSTRACT

Since Integrated Injection Logic was developed in 1972, it
has found applications in LSI memories, microprocessors, digital
wrist watches, A/D and D/A converters, and other custom IC’s.

The characteristics of a typical IIL gate are comparable to those
of CMOS devices. Propagation times as low as 63 ns and power
consumptions as small as .01 mW per gate have been achieved in
well developed 1IIL processes.

The major benefit that IIL has over other logic families is
its relative simplicity. A standard IIL process only requires
four masks, (base diffusion, emitter diffusion, contact cuts, and
metallization). No isolation is required for an IIL process thus
no epitaxial layer is needed nor is ion implantation or localized
oxidation.

1IL gates were processed as part of a double diffused bipolar
project. Functional tests were performed on NOR and AND gates as
to examine aspects of the design and processing. Suggestions for
improving device characteristics for future IIL designs are also
given.

INTRODUCTION

Integrated Injection Logic is much like Direct Coupled
Transistor Logic. In appendix A, Fig.i6.18=-1 thru 4.13-¢ show the
evolution of IIL circuits from DCTL. The major advantage of using
1IL over DCTL is that IIL makes use of a merged transistor design
that saves real estate on the chip. Also the relative simplicity
in circuit design makes the layout of an 1IL gate very easy. From
figure 4.13-3 to figure 4.13-4 in Appendix A note that the pull up
resistors Rb have been replaced with PNP transistors with common
emitters and bases. This is done to reduce the large space
required to fabricate the resistors on a chip.

Because the circuit design calls for a PNP transistor to be
connected to an NPN transistor and cince the base of the PNP is
connected to the emitter of the NPN and the collector of PNP to
the base of the NPN, the two transistors may be merged together
and share like diffusions as illustrated in figuﬁgkA.
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In the regions where the base width is short, (the width of the
base is less than one diffusion length), electrons injected from
the emitter into the base will diffuse across the base with no
recombination. The electrons are quickly swept away at the base-
collector junction by the reverse biased field. Thus the
concentration gradient in the base will be linear and since nbO is
many orders of magnitude less than nb(0) under bias:

d nb(0) nbO
eb. —=={(nb-nb0) = —=—————- = ————- ea VYbe KT

dx Wb Wb

Where nb0O = ni®/Nb
Thus:
q Dnb ni=
2c . INegp = ——=—=——————— es VYbe T
Wb Nb

And considering the collector area:

2d. Ic = Agc ——=——==—————=— en VeeriT

For the hole current in the emitter, since the width of the
emitter is greater than the diffusion length, (Lpe), the charge
gradient at the emitter-base junction can be shown as:

d pe(0) peO
3b. == lperped) =is=sssesiSinnnes s MomET
dx Lpe Lpe
Where pe0 =_ni®/Ne
Thus: 3
q Dpe ni®
3c. IPbew = =—————————= es Vbw/KT
Lpe Ne
And considering the base area:
' q Dpe ni=
3d. 1b: = Abt —==c—=—s== | a, Yo T
Lpe Ne
And
Ic Ne Dnb Lpe Ac
4. Beta sic——— & ceemem ST T
ib Nb Dpe Wb Ab

By examining equation 4 one can manipulate the processing
conditions to get a good gain. However, since the vertical
transistors are operating in reverse mode, the substrate is the
emitter and the doping profile will look something like figure E.
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Thus, as & consequence of the geometries, Nb must be greater than
Ne and Ne/Nb js less than one. However s this should be made as
close to one as possible. Note that when a low boron
concentration is required, after a 1long drive-in and subsequent
oxidationss the surface in the base region may pbecome depleted of
boron. This problem may pe avoided py doing & double boron
diffusion. Aafter doing the base drive—ins the wafer may be
remasked with the base mask and a seconds Very shorts predeposit
of boron may pe done before proceeding with the process.

Looking at the ratio of Dnb/Dpe from figure F» cshows that the
diffusivity ratio is favorable. For Ne=2.0E15, Nb=1.0E16:2

Ne Dnb 3c
S. T Aen R 3 R UGS, Mo few) = ———— = 2.867
Nb Dpe ie2
Lpe is determined by the emitter doping concentratioﬁ. For

Ne=2.0E15, The diffusion length Lpe is:
6. Lpe, = 20 um

How small can we make the base width? The pase width is
1imited by the punch—thru voltage. Punch thru-pccurs when the
depletion width of the B-C junction extends across the entire
width of the pase. It can be determined as follows.
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For a 10v source Wb min. will pe 1.08um. The maximum gain from

equation & using the values from 5,6, and 10, will be:
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DESIGN RULES

When designing the physical layout of an IIL gate, one should
obey the following ground rules.

1. All collectors should be sguare.

2. The space between collectors should be Md.

3. The width of the base diffusions should be Wc + 2Md.

4. The contacts to the injector rail should be at the end of
the injector diffusions so that the base diffusions need
not extend beneath the injector metallization.

5. Injector rails should be placed between each base
diffusion.

6. The emitter/substrate contact should be N+ doped and
should be made large as to minimize its resistance.

Where: Wc = Topographical collector width
Md = Minimum dimension allowed

1f the Ground Rules are obeyed, the ratio of areas may be found
from:

(Wc + 2Md)INc(Wc + Md) +Wc]

For Wc = 30, Md = 10, and Nc = 4, Ac/Ab = .095 and Beta = 1.01l.
Therefore to get a gain of one or greater, no more than four
collectors per transistor should be fabricated in this process.

EXPERIMENT =~

To test the function of IIL gates that had been fabricated as
part of EMCR&50, the gate shown in figure H was chosen. The
circuit consists of a NOR gate and an AND gate. Upon testing the
logical operation of the circuit using Ro = 330Ks Rino = 1K, and
Vs = 5 volts. The data in figure & was obtained.
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REEBULTS AND DISCUSSION

The on voltage of the NOR gate was measured to be 4.0 v.
This drop of one volt across R out when the transistor should be
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off is due to the NPN transistor leakage current. The higher than
expected putput of about two volts observed when the output should
pbe low is caused by an internal emitter resistance of 550 ohms.
(see appendix B) This was determined by examining Vce at Ic=0.

at Vce=0, dVce/dlb = 550 OHMS. Notice that the collector current
is negative until the collector voltage becomes greater than the
drop across the internal emitter resistance. This is a big
problem and should try to be avoided by making the emitter contact
big, N+ doped, close to the gates; and sintering well. With this
emitter resistance present, one can never achieve a low state of
sero volts. Also the leakage current is gquite significant when a
supply voltage of five volts is used because of the low breakdown
voltage, Vcel = 6 volts. The breakdown voltage ijs low due to the
high doping concentration of the base.

The gain of the reverse mode NPN was only .08. So the
logical voltage swing is degraded with each stage. This is seen
from the voltage swing of the AND gate which ijs lower than the
swing of the NOR gate because the AND gate is a two stage device
while the NOR gate a one stage device.

CONCLUSION

The reason why the gain is s0O low in this circuit is that the
doping of the base in those devices was high, about 5.0 E16, and
Ac/Ab = .067. appendix C shows the doping profiles as modeled by
SUPREM and the gain calculations. Please note that this gate was
processed along with discrete transistors with goal of obtaining
high forward gains.(Appendix D)

Howevers the results are encouraging. Although the voltage
swings, from logic one to logic zero, are semall, they are
definitely present and in correlation with the expected operation
of these gates. If the 1IL gates are more carefully designed and
the processing is performed to get high reverse mode gainss
functional LSI IIL gates cshould be no problem.
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APPENDIX A
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