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My interest in early heart pacemaker technology o�en leads me into forgoten corners of mid-century 
electronics. Recently, while analyzing an RF pacemaker circuit, I encountered a part I hadn’t seen since my 
youth in the 1970s: the Shockley four-layer diode. 

A Shockley four-layer diode (o�en described as a PNPN device) is a two-terminal semiconductor switch 
that behaves less like an ordinary diode and more like a compact, self-contained trigger element. At low 
applied voltage it remains in a very high-impedance “OFF” state, drawing only leakage current. When the 
voltage across it reaches a characteris�c breakover threshold, internal regenera�ve feedback causes it to 
switch abruptly into a low-impedance “ON” state, producing a sharp current surge and a rapid collapse of 
device voltage. It then latches on and con�nues to conduct un�l the current falls below a holding current, 
at which point it returns to the OFF state and the cycle can repeat. In other words, it provides a clean, 
repeatable threshold-and-latch func�on with only two terminals.  This property made it very atrac�ve 
before the integrated circuit era as an elegant building block for relaxa�on oscillators, pulse generators, 
and ga�ng circuits. 

 

Figure 1 – The four-layer Shockley diode 

The Shockley Diode 
A�er co-inven�ng the transistor at Bell Telephone Laboratories, William Shockley became convinced that 
the next major step in solid-state electronics would come from silicon devices and from a new class of 
semiconductor switching elements. In September 1955, Shockley and instrument entrepreneur Arnold O. 
Beckman agreed to establish the Shockley Semiconductor Laboratory as a division of Beckman 
Instruments. Shockley leased space in Mountain View, California, and began recrui�ng a team to develop 
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and manufacture advanced semiconductor devices.  Central to Shockley’s commercializa�on vision was 
the four-layer (PNPN) “Shockley diode” - a bistable, two-terminal switching device he had conceived at 
Bell Labs for telephone switching applica�ons, where a compact threshold-and-latch element promised to 
reduce parts count in large switching networks.  If you are interested in the history of the Shockley diode, 
I refer you to Jack Ward’s excellent paper “The first silicon in Silicon Valley – Volume 1 - Shockley 4-Layer 
Bistable Transistor Diodes.” 

As shown in Figure 1, the Shockley four-layer diode is a two-terminal, four-layer semiconductor structure 
arranged as P–N–P–N between an anode and a cathode. The outer P layer is �ed to the anode terminal 
and the outer N layer to the cathode terminal, with two internal junc�ons in between. In physical terms it 
is essen�ally a thyristor-like device without a gate: there is no third terminal to control it directly, only the 
anode and cathode.  Shockley gave it a diode-like symbol, giving its arrow the shape of the number 4 to 
represent its four-layer structure. 

A useful way to visualize the PNPN stack is as two interconnected bipolar transistors formed within the 
same piece of silicon: a PNP transistor and an NPN transistor whose collector and base regions are coupled. 
This “two-transistor” view is not just an analogy; it explains the latching behavior. In Shockley’s own 
conceptual equivalent, the four-layer diode replaces a small network (two transistors with resis�ve shunts 
and an avalanche PN diode trigger element) that provides regenera�ve switching. 

 

Figure 2 – Operating equivalent circuit of the Shockley diode 

https://semiconductormuseum.com/PreservationCollection/First_Silicon_in_Silicon_Valley_Volume_1_Historic_Shockley_4-Layer_Diodes.pdf
https://semiconductormuseum.com/PreservationCollection/First_Silicon_in_Silicon_Valley_Volume_1_Historic_Shockley_4-Layer_Diodes.pdf
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Referring to the equivalent circuit of Figure 2, in its OFF (forward blocking) state, with the anode posi�ve 
rela�ve to the cathode but below its breakover voltage, the Shockley diode equivalent remains in a high-
impedance state. One internal junc�on is effec�vely reverse-biased, so only small leakage current flows. 
Electrically, the device behaves like a nearly open circuit (plus some junc�on capacitance). 

As the forward voltage V increases, leakage and internal carrier injec�on increase un�l the device reaches 
a characteris�c breakover voltage. At that point, internal feedback causes a rapid transi�on: current 
flowing in one of the internal transistor-like regions produces base drive for the other, and vice versa.  

Avalanche diode D is there to represent the center junc�on’s avalanche mechanism that provides the 
ini�al “kick” of current needed to start regenera�on when the effec�ve gains of the two transistor sec�ons 
are s�ll low. 

Once the loop gain exceeds unity (o�en described as the condi�on α₁ + α₂ ≥ 1, where α values represent 
the effec�ve current gains of the internal PNP and NPN structures), the device “snaps” into conduc�on. 
This switching is abrupt: current rises quickly and the voltage across the diode collapses. 

A�er turn-on, the Shockley diode conducts heavily with a rela�vely low ON-state voltage and low dynamic 
resistance (just few ohms). In this state the internal regions are strongly injected with carriers, so the 
device behaves like a closed switch. 

A key feature is that the device latches: once it has switched ON, it will stay ON even if the anode–cathode 
voltage is reduced, as long as the current through the device remains above a characteris�c holding 
current (IH). To turn it OFF, you must reduce the current below IH (for example by lowering the supply 
voltage, or by increasing series resistance). When current falls below IH, the internal carrier concentra�ons 
drop, the regenera�ve feedback collapses, and the device returns to the high-impedance OFF state. 

Resistors R1 and R2 are best thought of as internal shunts that (a) define the OFF-state, (b) moderate 
triggering, and (c) largely determine holding current and hysteresis in the two-transistor Shockley diode 
model. 

A stylized voltage-current curve showing the various regimes of a Shockley diode is shown in Figure 3. 

For a more detailed descrip�on of the Shockley diode, I refer you to Shockley’s own “Unique Properties 
of the 4-Layer Diode. Technical Bulle�n T-400” (1957). 

 

https://www.prutchi.com/wp-content/uploads/2026/03/Shockley_1957_unique_properties_of_the_4-layer_diode.pdf
https://www.prutchi.com/wp-content/uploads/2026/03/Shockley_1957_unique_properties_of_the_4-layer_diode.pdf
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Figure 3 – Stylized current-voltage curve of Shockley diode.  The device remains in high-impedance (OFF) mode until the voltage 
across it reaches its breakout voltage VBO.  At that point the device snaps into a low-impedance (ON) conduction mode that 

persists as long as the current through the diode is above the holding current IH, at which the diode returns to the high-
impedance(OFF)  state. 

Real Shockley Diodes 
Shockley’s first commercial four-layer diodes became available for sale in September 1958 and were sold 
in type a Type “D” package (Figure 4), which was a gold-plated metal can. Early Type D parts were not 
ini�ally sold as a small set of fixed catalog voltages. Instead, Shockley selected devices by test and stamped 
the firing voltage on each unit, reflec�ng the reali�es of early process control. Soon a�er that, standardized 
part numbers based on firing voltage such as 4N20D (20V), 4N30D (30V), 4N40D (40V), and 4N50D (50V) 
became available [Shockley Transistor Corpora�on, 1959]. By late 1958 and into 1959, the product line 
expanded beyond the original Type D to include addi�onal case style variants, including Type AD, Type J, 
and Type G, which were essen�ally packaging variants of the same basic two terminal PNPN breakover 
func�on. A�er the company was acquired by Clevite and manufacturing matured, a lower cost glass cased 
Type E style was introduced and was available by 1960, marking the final major packaging evolu�on of the 
original Shockley lineage.  
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Figure 4 – Original 4ND30 (30V) and 4N50D (50V) Shockley diodes in Type D gold-plated metal can (from my vintage parts box). 

As the device spread beyond Shockley Semiconductor/Clevite and became a common commodity, makers 
and distributors shi�ed away from the name “Shockley diode” and adopted the simpler, more generic 
term “four-layer diode.” The new wording described what the device was rather than who invented it, and 
it made it easier to list in catalogs and cross-reference across manufacturers. As usage broadened, 
alterna�ve schema�c symbols also began to appear in the literature, replacing the original symbol 
introduced by Shockley (Figure 5). 

 

 

Figure 5 – Alternative symbols commonly used to represent the Shockley four-layer diode 

ITT purchased Clevite in 1965 and con�nued manufacturing the Shockley four-layer diode product line, 
relabeling the technology as “four-layer diode thyristors.”   
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Figure 6 – Glass-packaged 4E20-8 Shockley diodes manufactured by ITT that they called “four-layer diode thyristors” in their 
catalogs and databooks.  These are the type of Shockley diodes that I used in my experiments. 

Also in 1965, Motorola introduced its line of four-layer diodes that featured lower trigger voltages (10V – 
14V) [Motorola Semiconductor, 1970] than the devices made by Shockley and its successors. In the later 
1960s, Motorola redesignated its M4L-series of 4-layer diodes to standard JEDEC 1Nxxxx part numbers 
[Motorola Semiconductor Products Inc, 1974]. 

The following table shows the breakover voltage and holding current of common four-layer diodes: 

Table 1 – Commercial four-layer diodes 

Diode Breakover Voltage Maximum Holding 
Current 

Primary Manufacturer 

4N20D 20V ± 5V 50 mA  
 
 
 
 
 
 
 

Shockley/Clevite/ITT 

4N30D 30V ± 5V 50 mA 
4N40D 40V ± 5V 50 mA 
4N50D 50V ± 5V 50 mA 
4D20 20 ± 4V 4Dx0-3: 6 mA 

4Dx0-12: 20 mA 
4Dx0-30: 45 mA 

4D30 30 ± 4V 
4D40 40 ± 4V 
4D50 50 ± 4V 
4D80 80 ± 8V 4D80-3: 6 mA 

4D80-7: 10 mA 
4D120-3 120 ± 12V 6 mA 
4D-200-3 120 ± 20V 6 mA 
4E20 20 ± 4V 4Ex0-3: 6 mA 

4Ex0-8: 15 mA 
4Ex0-28: 45 mA 

4E30 30 ± 4V 
4E40 40 ± 4V 
4E50 50 ± 4V 
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Diode Breakover Voltage Maximum Holding 
Current 

Primary Manufacturer 

M4L3052 (1N5158) 10 VMAX 20 mA  
 

Motorola 
M4L3053 (1N5159) 11 VMAX 20 mA 
M4L3054 (1N5160) 12 VMAX 20 mA 
M4L3055 13 VMAX 20 mA 
M4L3056 14 VMAX 20 mA 

 

Fabrica�ng classic Shockley four-layer diodes with early semiconductor techniques could be challenging 
and inconsistent, so by 1966, semiconductor manufacturers, especially General Electric [GE, 1971] 
introduced the silicon unilateral switch, or SUS, which is an integrated circuit that acts like an ideal four-
layer diode [Muth, 1966]. In prac�ce the SUS offered �ghter control of key electrical parameters such as 
switching behavior and on-state characteris�cs, along with beter repeatability from part to part, and it 
could be easier to apply in trigger and �ming circuits because its behavior was more predictable than many 
earlier discrete four-layer diodes. The following table shows the switching voltage and holding current of 
common SUS parts: 

Table 2 - Common Silicon Unilateral Switch (SUS) parts.  These are integrated circuits that behave like ideal four-layer diodes. 

Model 
Number 

ECG Equivalent NTE 
Equivalent 

Switching 
Voltage (Vs) 

Maximum Holding 
Current (IH max) 

Primary 
Manufacturer 

2N4987 ECG6404 NTE6404 8 V ±2 V 1.55 mA  
 
General Electric (GE) 

2N4988 ECG6405 NTE6405 8.25 V ±0.75 V 5 mA 
2N4989 ECG6404 NTE6404 7.85 V ±0.35 V 1.0 mA 
2N4990 ECG6404 NTE6404 8 V ±1 V 0.75 mA 
2N4991 ECG6404 NTE6404 8 V ±2 V 1.55 mA 

 

Curve-Tracing Real Shockley Diodes 
The original circuits used by Shockley Semiconductor to curve-trace their diodes are described in: 

Shockley Transistor Corpora�on. The Shockley 4-Layer Bistable Transistor Diode: For Computers, 
Telephony, Control, Pulse Circuitry. Stanford Industrial Park, Palo Alto, CA: Shockley Transistor 
Corpora�on; 1959. 

It’s much easier to use a modern instrument to trace a Shockley diode’s curve, but study of those circuits 
is necessary to understand how some of the parameters shown in the early datasheets are specified.  IB 
was arbitrarily defined as “the point at which the trace disappears on the scope display” when using a 
100kΩ limi�ng resistor and a half-sinusoidal excita�on.  VBO, IH, and VH are measured with a 1kΩ limi�ng 
resistor.  Again, holding current IH and holding voltage VH “are read at the point on the plot where the trace 
disappears.” 

https://www.prutchi.com/wp-content/uploads/2026/03/Shockley_4_layers_diode.pdf
https://www.prutchi.com/wp-content/uploads/2026/03/Shockley_4_layers_diode.pdf
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The graphs of Figure 7 show the current flowing through a 4E20-8 Shockley diode with the applica�on of 
a current-limited (60mA) ramping voltage.  I used a Keithley 2450 SourceMeter® to obtain these 
measurements.   

 

 

Figure 7 – Current flowing through a 4E20-8 Shockley diode with the application of a current-limited ramping voltage: a) 
sampled current and voltage; b) complete IV curve; c) zoom-in; d) detail of the forward leakage current and return from latched 

state. 

Modeling the Shockley Diode 
I wanted to simulate some of the RF pacemaker circuits, and was rather surprised that there were no Spice 
models for the Shockley diodes. 

I set up the transistor equivalent model (Figure 2) under LTSpice, and spent considerable �me trying to get 
it to work.  It would trace the IV curve, but ge�ng a simple relaxa�on oscillator to work got frustra�ng.  In 
my despera�on, I ran a deep search in mul�ple languages, and finally found a German website showing 
the same basic model running under TINA: 

(htps://de.wikibooks.org/wiki/Interessante_Messungen/_Vierschichtdiode/_Anwendungen/_S%C3%A4
gezahn-Generator/_Simula�on)  

https://de.wikibooks.org/wiki/Interessante_Messungen/_Vierschichtdiode/_Anwendungen/_S%C3%A4gezahn-Generator/_Simulation
https://de.wikibooks.org/wiki/Interessante_Messungen/_Vierschichtdiode/_Anwendungen/_S%C3%A4gezahn-Generator/_Simulation
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The same circuit that I couldn’t get to work under LTSpice ran perfectly under TINA… I s�ll can’t explain 
why two different simulators based on the same SPICE engine would behave so differently for the same 
simple circuit, but TINA is now my favorite simulator! 

In any case, the circuit of Figure 8 shows a Shockley diode modeled on its equivalent opera�ng circuit 
(Figure 2) set up to be excited through a triangular ramp to show its trigger, hold, and release 
characteris�cs.  In this simula�on I used a 1N4747, which is a 20V Zener diode, yielding a trigger voltage 
of around 18V as shown in Figure 9. 

 

Figure 8 – Four-layer diode equivalent circuit set up for VI curve tracing under TINA 

 

Figure 9 - Simulation results of Shockley-diode equivalent circuit set up for curve tracing.  Green ramp is input voltage, red trace 
is voltage across diode equivalent.  The diode snaps into conduction at the breakout voltage and remains at low impedance until 

the current flowing through the diode is below the holding current. 
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Figure 10 shows the same transistor-equivalent model of a four-layer diode set up as a relaxa�on oscillator, 
which behaves as shown in Figure 11. 

 

Figure 10 – TINA Spice relaxation oscillator circuit using transistor-equivalent model of four-layer diode. 

 

Figure 11 – Simulation results of relaxation oscillator circuit using transistor-equivalent model of four-layer diode (Figure 10) 
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Applications 
Shockley diodes were promoted at their introduc�on as unusually versa�le devices, par�cularly well suited 
to the ring counter stages common in telephone switching equipment, frequency counters, and related 
logic. Their main selling point was func�onal consolida�on. A single, compact Shockley diode could 
implement a counter stage that otherwise required five discrete parts, typically two transistors, two 
resistors, and a Zener diode. However, the rapid adop�on of integrated circuits eliminated most of the 
cost, size, and assembly advantages of such discrete simplifica�ons. As a result, Shockley diodes largely 
disappeared from mainstream digital designs and persisted mainly in niche roles such as simple relaxa�on 
oscillators and trigger circuits. Here are some examples published in the 1960s and 1970s: 

Lou Garner, Linear Sawtooth Generator (Popular Electronics, 1967) 
Figure 12 (Figure 2 in original the ar�cle) shows a sawtooth generator having a minimum of parts, yet 
producing a very linear ramp. “D1 is a current-regulator diode, while D2 is a conven�onal four-layer diode. 
The design equa�on is T= (C VBR) /Ip, where T is the period of one cycle, I, is the pinch-off current of diode 
D1, C is the �ming capacitance in μF and VBR is the breakover voltage of the four-layer diode.” 

 

Figure 12 – Linear sawtooth generator using only 4 parts [Garner 1967] 

I breadboarded the circuits shown in Figure 13.  With a 4E20-8 Shockley diode, 23V supply voltage, and a 
0.01μF capacitor, the circuit of Figure 13-b produces a 4.54kHz linear sawtooth with a 1N5297 1mA 
current-regulator diode.  To produce the same frequency, the circuit of Figure 13-b needs a 1.95kΩ  
resistor, and is very sensi�ve to supply voltage.  On the other hand, the circuit of Figure 13-b is insensi�ve 
to supply voltage for voltages above 19.5V. 
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Figure 13 – Sawtooth (a) and linear ramp (b) generators using Shockley diodes.  4.54 kHz outputs using 4E20-8 Shockley diode, 
23V supply voltage, and a 0.01μF capacitor: c) circuit of (a) using 1.95kΩ resistor; circuit of (b) with 1N5297 1mA current-

regulator diode.  

Don Lancaster, “Advanced Experimenter Project - Pulse Generator” (Popular 
Electronics, April 1966) 
A simple pulse generator built around a four-layer diode relaxa�on oscillator, presented as a prac�cal tool 
that can drive a speaker, serve as a signal injector, and even act as a metronome or darkroom �mer. The 
ar�cle explains the “snap-on at ~12 V, stay on un�l current decays” behavior and shows the RC 
charge/discharge mechanism. 

 

Figure 14 – Variable-frequency and amplitude pulse generator [Lancaster, 1966] 
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Forrest Mims, “The Four-Layer Diode” practical circuits (Popular Electronics, 
August 1977) 
Audio Oscillator - Figure 15 (Figure 2 in the ar�cle) is a versa�le oscillator “which can be used to produce 
audio frequencies ranging from the "pock…pock…pock" of a metronome to the ear-piercing sound of a 
10,000 Hz tone. Switch S1 permits various values of capacitance to be selected. Poten�ometer R2 varies 
the frequency of the circuit by altering the charging rate of the discharge capacitor. Diode D1 can be any 
common four-layer diode such as the 1N3831 through 1N3846, the 4E series or the M4L series.” 

 

Figure 15 – Audio oscillator which can produce audio frequencies ranging from the "pock…pock…pock" of a metronome up to a 
10 kHz tone [Mims, 1977] 

LED laser pulse driver - Figure 16 (Figure 4 in the ar�cle) is a four-layer-diode-based relaxa�on oscillator 
that is used “as a subminiature, high-current driver for infrared LED's and semiconductor injec�on lasers.” 
… “The circuit using only three components which easily delivers 10-ampere pulses with a width of about 
100 nanoseconds and a rate of about a kilohertz to a diode laser. A typical experimenter-grade laser diode 
will deliver up to several wats of invisible infrared at a wavelength of about 900 nanometers when driven 
by this circuit. Laser, pulser, and bateries can be easily built into a small pocket-size package. A simple lens 
can be added to squeeze the broad beam from the laser into the pencil-thin beam produced by the much 
more costly gas lasers.” 
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Figure 16 – LED and injection laser pulse driver [Mims, 1977] 

C. A. Huber, “Slow-Kick Windshield Wiper” (Popular Electronics, 1970) 
In the circuit of Figure 17, four-layer diode D1 in a simple relaxa�on oscillator drives relay K1 which, in turn 
controls switch of electric windshield wiper motor. R2 determines rate at which C1 is charged to point 
where it breaks down D1 and operates wiper. When C1 discharges below 1 mA, D1 turns off and relay 
drops out for start of new cycle. Will work with either ground polarity.  

 

Figure 17 – Reader circuit for slow-kick windshield wiper submitted by C. A. Huber to Popular Electronics, April 1970, p 86. 

R.B. Shreve, Compact tone-burst keyer for FM repeaters (Ham Radio, 1972) 
The ar�cle describes a small, self-contained 1750 Hz tone generator intended to key FM repeaters that 
required a short audio burst for access. The circuit in Figure 18 uses four-layer diodes as relaxa�on 
oscillators and �ming elements. In Shreve’s design, a capacitor charges through a resistor un�l it reaches 
the breakover voltage of the four-layer diode. The device then switches abruptly into conduc�on, rapidly 
discharging the capacitor and producing a sharp pulse. Repe��ve charge–discharge ac�on generates a 
stable audio-frequency oscilla�on. A second four-layer diode stage is used to shape and limit the dura�on 
of the burst, ensuring a brief, repeatable tone packet rather than con�nuous oscilla�on. The advantages 
emphasized are simplicity, low parts count, and the sharp, well-defined triggering characteris�cs of the 
four-layer diode, which provide consistent tone frequency and burst length without requiring ac�ve 
transistor bias networks or complex �ming circuitry. 
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Figure 18 - tone-burst keyer for FM repeaters [Shreve, 1972] 

Don Lancaster, The AMLIGNER RF generator (Popular Electronics, 1967) 
The circuit Figure 19 was published by Don Lancaster as the “AMLIGNER,” which is a �ny, cordless AM 
broadcast band signal source that works by using a four layer diode (Motorola M4L3054) as the switch 
element in a relaxa�on oscillator and a loops�ck as both transformer and antenna. With the switch closed, 
capacitor C1 charges through R1 from the 22.5 V batery un�l the diode’s snap over threshold (about 12 
V) is reached, at which point the diode avalanches and rapidly discharges C1 through the loops�ck primary; 
when the discharge current falls below roughly 1 mA, the diode snaps off and the charge discharge cycle 
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repeats at about 800 Hz, crea�ng a sawtooth on C1 and narrow current pulses through the diode. Each 
snap off abruptly interrupts current in the coil, exci�ng a short burst of ringing in the L1–C2 tuned circuit 
at its resonant frequency in the AM band; the loops�ck ac�on simultaneously steps the transient up to 
several hundred volts across the tuning capacitor C2, and because the loops�ck is also the radiator, it emits 
an AM carrier whose amplitude is keyed by the 800 Hz pulse train, le�ng a nearby receiver pick up a tone 
for tracing and alignment while C2 sets the RF frequency 

 

Figure 19 – Don Lancaster’s AMLIGNER RF generator [Lancaster, 1967] 

100kHz oscillator locked to crystal frequency (EDN, 1971) 
The circuit of Figure 20 is a basic relaxa�on RC oscillator that is locked to the fundamental (or first sub-
harmonic) of a crystal.  R1 is selected such that the RC is close to the desired frequency, with the crystal 
providing resonance to fix the frequency. 
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Figure 20 – Relaxation oscillator locked to crystal frequency 

J Bliss and D Zinder, Ring counter using four-layer diodes for sequential switching of 
loads (Motorola, 1961) 
Figure 21 is a ring counter applica�on demo that was published by Motorola for their 1N5158 four-layer 
diodes. 
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Figure 21 – Ring counter using four-layer diodes 

 

William Shockley, Pulse Generators (Shockley, 1957) 
In the pulse-generator circuits of Figure 22, the four-layer (PNPN) diode acts as a voltage-triggered switch 
controlling the rapid discharge of a capacitor. The capacitor is charged through a resistor toward the supply 
voltage while the diode remains in its high-impedance state. A trigger pulse applied to the input 
momentarily raises the voltage across the diode above its breakover threshold, causing the device to 
switch abruptly into its low-impedance conduc�ng state. When this occurs, the stored charge in the 
capacitor is discharged quickly through the diode and the load resistor, producing a sharp output pulse. 
As the capacitor discharges, the current through the diode falls; when it drops below the holding current, 
the device returns to its non-conduc�ng state. Because the capacitor must then recharge through the 
resistor before the breakover condi�on can be reached again, the trigger pulse can ini�ate only a single 
discharge event, ensuring that each input trigger produces just one output pulse. The difference between 
the two figures lies mainly in how the output is coupled and shaped, but the basic single-pulse 
mechanism—triggered breakover followed by rapid capacitor discharge and reset—is the same. 
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Figure 22 – Pulse generators based on Shockley 4-layer diode from Beckman Instruments, 1960 and Figures 3a and 3b in 
Technical Bulletin T-400 (Shockley 1957) 

William Shockley, Bistable Circuit (Shockley, 1957) 
In the circuit of Figure 23, two four-layer diodes are cross-coupled so that only one of them can conduct 
at a �me, crea�ng a circuit with two stable states. When one diode is in its conduc�ng (low-impedance) 
state, the voltage condi�ons established through the coupling resistors keep the other diode below its 
breakover voltage, holding it in the non-conduc�ng state. A trigger pulse applied to the input of the non-
conduc�ng side raises its voltage to the breakover level, causing that diode to switch on abruptly. The 
resul�ng change in current and voltage simultaneously removes the holding current from the previously 
conduc�ng diode, forcing it to switch off. In this way the circuit “toggles” between two stable condi�ons, 
each corresponding to one diode conduc�ng and the other off. Because the four-layer diode remains on 
as long as its current stays above the holding current, the circuit retains its state un�l another trigger pulse 
forces the opposite transi�on. 
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Figure 23 – Bistable circuit (flip/flop) based on Shockley 4-layer diodes from Beckman Instruments, 1960 and Figures 5  in 
Technical Bulletin T-400 (Shockley 1957) 

Eisenberg et al., RF Pacemaker (IRE Trans Bio Med Electron, 1961) 
As shown in Figure 24, an RF pacemaker is a medical device from the late 1950s and 1960s in which the 
implanted unit does not rely on an internal batery for energy; instead, an external transmiter generates 
radiofrequency power that is coupled across the skin by induc�ve coupling between external and 
implanted coils, so the implanted receiver can rec�fy the RF energy and deliver periodic s�mula�on pulses 
to the heart. In the external transmiter of many of these RF pacemakers, a Shockley four-layer diode was 
used at the core of the free-running relaxa�on oscillator that triggered the transmission of RF energy 
around once per second. 
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Figure 24 – Basic RF pacing system consisting of an external RF transmitter and a very simple implanted RF receiver that rectifies 
the RF and turns it into a pulse that stimulates the heart. The transmitter emits a short burst of RF approximately once per 

second under the control of a free-running multivibrator based on a Shockley four-layer diode. 

 

Figure 25 shows the schema�c of the RF pacemaker that sent me into this four-layer diode rabbit hole.  
Here, C2 is charged from the 28V batery by way of R2 and P1.  When the voltage across Shockley diode 
T1 reaches 20V, it triggers and discharges the capacitor through R3 and TR1.  TR1 steps-up the voltage to 
blink neon indicator Ne2.  The pulse delivered to T2 via R4 is used to power the 2MHz oscillator built 
around T3.  

 

Figure 25 – RF pacemaker transmitter and receiver. [Eisenberg et al., 1961] 
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The Demise of the Shockley Diode 
Although the Shockley four-layer diode ini�ally atracted considerable aten�on as an elegant solid-state 
switching element, its prac�cal importance was rela�vely short-lived. In the late 1950s and early 1960s 
the device offered an appealing way to consolidate several discrete components into a single compact 
element. Circuits such as pulse generators, ring counters, relaxa�on oscillators, and ga�ng networks could 
be implemented with fewer parts because the device inherently provided a sharp breakover threshold and 
a latching conduc�on state. However, the rapid emergence of integrated circuits soon eliminated most of 
these advantages. Func�ons that previously required several discrete components could now be 
implemented more reliably and economically inside monolithic ICs, removing much of the incen�ve to use 
discrete four-layer diodes in digital and �ming circuits. 

During the early 1970s, another device temporarily assumed many of the roles previously served by the 
four-layer diode: the programmable unijunc�on transistor (PUT). The PUT is essen�ally a three-terminal 
PNPN device closely related to a small SCR, but with its triggering voltage determined externally by a 
resis�ve divider connected to the gate terminal. This allowed designers to create relaxa�on oscillators and 
�ming circuits with an adjustable switching threshold, making the device popular for a �me in hobbyist 
electronics, instrumenta�on, and triggering circuits. In many applica�ons the PUT effec�vely replaced 
both the earlier four-layer diode and the tradi�onal unijunc�on transistor. Like those devices, however, 
the PUT eventually declined in importance as inexpensive integrated �mers, oscillators, and logic circuits 
became widely available.  It’s interes�ng to note that PUTs, especially the 2N6027 and 2N6028 are s�ll 
available as standard parts. 

Four-layer semiconductor structures themselves did not disappear from electronics. On the contrary, they 
evolved into one of the most important families of power devices: the thyristors, par�cularly the silicon 
controlled rec�fier (SCR). Unlike the two-terminal Shockley diode, the SCR includes a gate terminal that 
allows controlled triggering of the regenera�ve PNPN structure. Beginning in the early 1960s, SCRs rapidly 
became the preferred devices for controlling high voltages and currents in industrial and consumer 
equipment. Their latching behavior made them ideally suited for phase-control circuits used in lamp 
dimmers, motor speed controllers, power regulators, and a wide variety of industrial power-conversion 
systems. Thus, while the discrete Shockley diode itself largely vanished from mainstream circuit design, 
the fundamental PNPN switching principle that it embodied survived and flourished in the broader 
thyristor family of devices that remain widely used today. 
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Appendix – Shockley Four-Layer Diode Specifications 
From: Shockley Transistor Corpora�on. The Shockley 4-Layer Bistable Transistor Diode: For Computers, 
Telephony, Control, Pulse Circuitry. Stanford Industrial Park, Palo Alto, CA: Shockley Transistor Corpora�on; 
1959. 
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Appendix - Motorola 4-Layer Diode Specifications 
From: Motorola Semiconductor. 4-Layer Diodes: M4L3052 thru M4L3054 (Now 1N5158 thru 1N5160) 
[datasheet]. Phoenix (AZ): Motorola Semiconductor; 1970 
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Appendix – 1N5158-1N5160 and 1N5779 – 1N5793 4-Layer Diode 
Specifications 
From: Motorola Semiconductor Products Inc. Discrete Products, Series A: Volume 2 (1N5000 and up), 
Semiconductor Data Library. Phoenix, AZ: Motorola Semiconductor Products Inc; 1974. 
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Appendix – GE Silicon Unilateral Switch Specifications 
From: General Electric Company, Semiconductor Products Dept. Semiconductor Data Handbook. Syracuse 
(NY): General Electric Company; 1971. p. 126, 521–524. 
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