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The report

Introduction

In 1958, Texas InstrumentéTl)employeeJack Kilby invented the integrated circ(i€} ¢ a circuit
compressed intatiny packageL / & Y26 YI 1S yZTpdap Weofteriregardthbid &8 ShsguzS
black boes However, the inner workings of thegehip< are fascinating and undeappreciated.

ICsare made of diny siliconand copperWie(encased in plasticTo make them, silicon is etched with
microscopic electronic componenity using photeresistive cheritals and UV light

Disassembly

We disassembld 6 W R fedalISN'404hexNOT gatdo better understand howit worked.A NOT gate is
abasiclogic gatewhich outputs the inverse of its inp(figure 9) We chose this IBecause it was simple and
available.

To remove the casingye initiallysoakedthe IC imitric acid heated to 99 (194cF) This was not very
effectiveandreacted with the copper producingxic nitrogen dioxide fume$ulfuric acid of the same
temperature workedbetter and slowlydissohed the casingleavingthe die.Hot acid is dangerous, gpasses
were worn, a fume hooevas used, and chemistry teachesupervisedis.

Analysis

The diewasl LILINR EA Y| (St & wmshpaandwas ndoRnted on mshparativelylarge piece of
metal, aidinghandlirg. It was transferred to a microscope equipped witbamera anghotographedat
100x zoomWe believe thabur imagesare primarily of the metatonnectivelayer, rather than the silicgn
ashoth our dissolving and microscopy was somewhat rudimentary

The diehas severalgold bond wiresttached which connected to the large wires leading out of the IC.
Each of the 6 NOT gates harinput and output wireand areconnected to shared gund and power radl
(a total of 14 pins)it made sense that there were 6 cleagionson the dieg one for each gate.

Reversesngineering the whol@ntegratedcircuit isdifficult, however some components are relatively easy
to identify, such as transiors We wereaidedby a professionallie shot of @ SN7405a similarlC and

circuit diagrans from the SN7404 and SN74@&tashees’ 6. This helped uso understand the components
we were looking atallowing us to produce a bill of materiagtchedto the die.

A NOT gate can be made many wa&aftware could b&ised redudngthe physical part counffigure 10, or
discrete components could btilized instead Thisshoweddzd K2 ¢ L/ A¢theNBgfrali Y 3 A O
components can be understodifke any circuit.
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3 JIMBLOMIntegrated Circuits learn.sparkfun.comsparkfun.com. Retrieved 5 December 2020, from
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4Woodford,C. (2020)Integrated circuitsexplainthatstuff.com. Retrieved 5 December 2020, from
https://www.explainthatstuff.com/integratedcircuits.html

5 SN54,74(LS,S)04 Datashékitcom. {983). Retrieved 5 December 2020, from
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Photographs
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Figure2. As much plastic as possible was removed with a Dremel tool, reducing the amount to be slowly dissolved. Safety equipment
was worn.

Figure3. A water bath was prepared by heating a beaker. Acid and ICs were added to a tube inside the water



Figure4. An early attempt

Figure5. Filtering the remains of the acid processing. The highly acidic black filtrate was neutralized with a base before being
disposed.
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Figure6. Aphotograph of the retrieved die mounted on its metal plate waitGhapstick for scale.

Figure7. The microscope and camera used to photograph the die. The following die photos were taken at 100x zoom



Figure8. An image of the die. Note the gold bond wires dierwhitelooking copper traces.

A (IN) B (OUT) bool not_gate(bool %nput}{
bool output = !input;
0 1 return output;
1 0 }
FigurelO. A software (C++)
Figure9. The truth table describing the implgmentation of a single NOT gate
input and respective output for a single N ¢ KS @rbtéringits a value,
gate performing the operation
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Figurel11. Circuit diagram of each gate in the SN7404 hex Figurel2. Schematic of each gate in thelated SN7405 open
inverter. Source: Tl datasheet collector hex inverter. Note 1 less transistor on the output stage.
Source: Tl datasheet



Figurel4. A closeup of 1 gate. Transistors can be identified by a cluster of 3 nearby parallelfairbase, collector, and emitter.



Figurel5. Professional SN7405 die shot. This helped us to-mfesgnce wth our die shot knowing differences in circuit (fig.11, 12).
Source: Project 5474

Figurel6. Red overlay is SN7405 with 1 less transistor and diode than SN7404, helping us to estimate components. D = diode, Q =
transistor



Figurel?. Pins of thedielabelled. A = input, Y = output. Vcc marked in red, ground in.adt& VVcec passes underneath at points.

Parts LisA ¢ Main Integrated Circuit

Part Name Qty | Description Photograph

Plastic housing | 1 Protects the delicate die frorie outside | See figure 1
conditions

Die 1 A minute silicon and copper plate that Seefigure 6

houses the transistorgliodes, resistors
and other components thathake up the
circuit.

See Parts List B

Bond wire 14 A tiny gold wire that connects the die to
the large wires leading out of the
integrated circuitpackage

Wireso WLJA y| 14 Copper wires leading out of the IC, allowi
it to be connected to the greater circuit.







