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ABSTRACT 

An analysis is performed for the transient response of a tunnel-diode 
I 

modeled by a circuit of two capacitances, an inductor, and the de i-v 

characteristic of the diode. The nonlinear differential equations of the 

transition are solved numerically, and waveforms are presented for a 

wide range of circuit parameters. 
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•..: 

The transient response for a ramp-function drive current of a tunnel:­

diode, modeled by a capacitance parallel with a voltage-varying resistor, 

was analyzed in a previous paper. 
1 

In this report the analysis is extended 

to the model of Fig. 1 incorporating an inductance and two capacitances. 

The de i-v characteristic of the tunnel-diode is described by the function 

iD = Ip[ e • (vD/Vp) • exp (-vD/Vp) + 5 x 10-lO exp (3vD/Vp>] shown in 

Fig. 2. 

The differential equations of the transient were converted to difference 

equations and computed on the· IBM 360/75 digital computer utilizing a 

program with the flow-chart of Fig. 3.; the Fortran-H program. is shown in 

.Fig. 10. Waveforms of the normalized output voltage V= v t/V as function . ~ p 

of normalized-time T =I t/(C
1
V ) with nor.m3.lized drive current slope·-. . p . p . . 

··A= c 1V k/I2 = 0. 01, 0. 02, 0. 05, 0.1 are ~hown in Fig. 4 through Fig. 9 for . p p 
.. 2 ( 2 ) ., 

c 2/c 1 = 0.02, 0.05~ 0.1, 0.2, 0 .. 5, 1.0 and for L=IpL/ VPC 1 . = 0.1, 0.2, 

0.5, 1.0; 2.0, 5.0. 

As an example,- if a fast tunnel-diode with an I = 10 mA, V = 100 mV, . .. p p 

c 2 = 0. 5 ·pF, and L:i = 0. 5 nH is·used in a circuit with c·1 = 10 pF (mostly 

external to the diode) and with k = 5 mA/nsec, then c 2/c1 = 0.05, 

A=C 1Vpk/I~ = 0.05, and L=I~L/(v;c 1) = 0.5, and the resulting transient 

is that of Fig. 5( c) with A = o. 05 and a time sciue of t/T = 100 psec. It is 

seen that there is a ringing on the voltage rise, impeding subsequent timing 

operations. If, however, c 1 is reduced to 2.5 pF, then c 2/c 1 = 0.2, 

A = 0. 0125, and L = 2, arid the transient of Fig. 7(e) with A= 0. 0125 and a 

time scale of t/T = 25 psec results. This has a smooth initial rise, and also 

a subsequent ringing which is usually preferable to the ringing on the rise. 

If capacitance C 1 cannot be reduced, ringing on the rise can be eliminated by 

increasing c 2, i.e., by the use of a "slower" ttmnP.l-diode. 
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with the normalized drive c;rent(: siope) A = C 1 V p k/Ip as parameter for c 2/ c 1 = 0. 2. 

Normalized inductance L=)JL1/ V pel = 0.1. . 
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9(d)--Normalized output voltage V:::v t/V as function of normalized time T:::I t/(C1V ) 
ou p 2 p p 

with the normalized drive current slope A ::C1V k/I as parameter for c2/c1 = 1. 0. 
2 ( 2 \ p p 

Normalized inductance L = JPLJ V p C1) = 1. 0. 

FIG. 
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FUNCTION fltY,Bl,B2J 
82Y-=B2*Y 
IflB~Y.GT.150.0)82Y=l50.0 

IFtY.LT.-lOO.OJY=-lOO.C 
f1=Y*EXP(l-Y)+1E-10*Bl*EXP(82Y) 
RETURN 
END 

1 FORMAT(6fl0.4,15,fl0.4,15J 
20FORMATI'l'r'A=•,Fl0.4,5X,'l=',fl0.4,5X,'DX= 1 ,Fl0.4,5X, 1 Bl='rfl0.4, 

15X, 1 B2= 1 ,flC.4,5X, 1 C2=',Fl0.4) · 
3. FO~M~;T(IO•,,• ') . . . 
40FORMAr"t 1 '~'X=',lPE9.2,• V2J= 1 rlPE9.2,' V2JMl='rlPE9.2r' 12J=•, 
11PE9.z,• I2JM1=',1PE9.z;• RATE=•,tPEc;~·z,•:vlJ=',lPE9.2,•· VlJMl='• 
21PE9.2,' ID= 1 ,1PE9.2) 

SOFORM~.T(•Q•,•XMAX= 1 ,1PE10.3,• FMAX='rlPE10.3,• XMIN:: 1 ,1PE10.3, 
.1' fMlN= 1 ,1PE10.3) 

REAL A,L,OX,Bl,B2,X,VlJ,I2JMl,l2J,V2JMl,V2J,VLJM1,12JM2,ID 
CALL ST~T~lllOJ - . . 

10 REAC(5,1JA,L,OX,Bl,82,C2,M,.V2JST,IRET 
. 11 IF(A.LE.OJGO TO 100 

C.LL PLOT1(0.0,0.0,3l 
lf(IRET.EQ.OJGO .TO 12 
CAll PLOT112S.o,o.0,-3) 
CALL AXISltC.C,O.O,'T',-1,15.0,C.O,O.O,lO.,lO.Ol 
CALL PLOTlt0.0,0.0,3l 
CALL AXIS1(0.0,0.0, 1 V',+l,l0.,90.0~0.0,1.0,10.0) 
CALL PLOT1tC.C,0.0,3l 

12 WRITf(6,2)A,L,OX,Bl,B2,C2 
WR-ITEI6.,3l 
I 0=0 
RATE=O 

13 X=O 
14 VlJ=O 
15 12JM1=0 
16 l2J=O 
17 \12JM1=0 
18 V2J=O 

. 19 X=X+DX 
20 VlJtJ.1=V1J 
21 V1J=V1JM1+(A*X-12JM1J*OX 
22 I~(V2J.GT.lO*DXlRATE=lV2J-V2JM1l/tV2J*DXl 

. 23 12JM1=12J 
24 12J=i2JM1+1V1JM1-V2JM1J*DX/l 

·25 V2JM1eV2J 
£6 V2J=V2JMl+li2J-IDJ*DX/C2 

. 27 ID-=F11V2J,B1,82) 
.28 l=flOAHMl 
29 IFIABStlNTtX/OX~DXl/Z-INTllX/OX+DXJ/Z)J.GE~OX)GO TO 31 

XPLOT=0.1*X 
YPLGT=VlJ 
IFIXPLGT.LE.O.O}XPLOT=O.O 
IfiXPLOT.CE.15.)GO TO 10 
IFtYPLOT.LE.O.OJYFLOT=O.O 
IFIYPLOT.GE.10.JGO TO 10 
CALL PLOT1(XPLOT,YPLOT,2J 

31 CONTINUE 
GO TC 19 

100 CONTINUE 
CALL PLOT1115.0,0.0,-23J 
CALL ENOPl 
STGP 
END 

FIG. 10--Fortran-H computer program. 
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