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ELECTRICAL CHARACTERISTICS (. = 25°C unless otherwise noted)

TINS139 thru INS148 / 1INSI139A thru 1NSI148A

Characteristic—All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage Ig = 10 pAde Byr 60 70 —_ Vde
Reverse Voltage Leakage Current Vg = 55 Vde, Ty = 25°C Iz _— —_ 0.02 uAde

Vg = 55 Vde, Ty = 150°C — — 20
Series Inductance f= 250 MHz, L =~ 1/16" Lg — 5
Case Capacitance f= 1 MHz, L~ 1/16” Cc — 0.25
Diode Capacitance Temperature
Coefficient Vg = 4Vde,f= 1 MHz TCc —_ 200
C;, Diode Capacitance Q, Figure of Merit a , Tuning Ratio
VR=4 Vde, f =1 MHz VR—-4Vdc, C4/C60
pF f = 50 MHz f=1 MHz
Device Min Typ Max Min Min Typ
1N5139 6.1 6.8 7.5 350 2.7 2.9
1IN5139A 6.5 6.8 7.1 350 2.7 2.9
1N5140 9.0 10.0 11.0 2.8 3.0
1N5140A 9.5 10.0 10.5 2.8 3.0
1N5141 10.8 12.0 13.2 2.8 3.0
1N5141A 11.4 12.0 12.6 2.8 3.0
1N5142 13.5 15.0 16.5 . . 2.8 3.0
1IN5142A 14.3 15.0 15.7 0.38 0.41 2.8 3.0
1N5143 16.2 18.0 19.8 0.38 0.41 2.8 3.0
1N5143A 17.1 18.0 18.9 0.38 0.41 2.8 3.0
1N5144 19.8 . . 0.43 0.45 3.2 3.4
1N5144A 20.9 0.43 0.45 3.2 3.4
1N5145 24.3 200 0.43 0.45 3.2 3.4
1IN5145A 25.7 200 0.43 0.45 3.2 3.4
1N5146 29.7 200 0.43 0.45 3.2 3.4
IN5146A 31.4 200 0.43 0.45 3.2 3.4
1N5147 36.1 200 0.43 0.45 3.2 3.4
1IN5147A 37.1 200 0.43 0.45 3.2 3.4
1N5148 42.3 200 0.43 0.45 3.2 3.4
1N5148A 44.7 200 0.43 0.45 3.2 3.4

1. Ls, SERIES INDUCTA

Ls is measured
impedance bri
L = lead len

ed package at 250 MHz using an
onton Radio Model 250A RX Meter).

DIGDE CAPACITANCE

(Cr = Cc + C)). Cr is measured at 1 MHz using a capaci-
tance bridge (Boonton Electronics Model 75A or
equivalent).

. TR, TUNING RATIO

TR is the ratio of Cr measured at 4 Vdc divided by Cr meas-
ured at 60 Vdc.

. 0, FIGURE OF MERIT
Q is calculated by taking the G and C readings of an admit-

MOTOROLA Semiconductor Products Inc.

PARAMETER TEST METHODS

tance bridge at the specified frequency and substituting in
the following equations:
_ 2#fC
Q= G
(Boonton Electronics Model 33AS8).

«, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE
The diode capacitance, C; (as measured at Vi = 4 Vdc,
f = 1 MHz) is compared to Cr (as measured at Vy = 60 Vdc,
f = 1 MHz) by the following equation which defines a.

o= log C:(4) — log C:(60)

- log 60 — log 4
Note that a Cr versus Vi law is assumed as shown in the
following equation where Cc is included.
K
C:

:W

. TCc, DIODE CAPACITANCE TEMPERATURE COEFFICIENT

TCc is guaranteed by comparing Cr at Vi = 4 Vdc, f =
1 MHz, TA = —65°C with Cr at Ve = 4 Vdc, f = 1 MHz,
Ta = +85°C in the following equation which defines TCc:
TCc — C:(+85°C) — Ci(—65°C) |, 108
- 85 + 65 C.(25°C)
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INS139 thru1N5S5148 / INS139A thru INS148A

FIGURE 1 — DIODE CAPACITANGE versus REVERSE VOLTAGE FIGURE 2 — FIGURE OF MERIT versus REVERSE VOLTAGE
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INS1I39 thru1NS148 / INS139A thru INS148A

EPICAP VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS

A. EPICAP NETWORK PRESENTATION

The equivalent circuit in Figure 7 shows the voltage capaci-
tance and parasitic elements of an EPICAP diode. For design
purposes at all but very high and very low frequencies, Ls, Ry,
and Cc can be neglected. The simplified equivalent circuit of
Figure 8 represents the diode under these conditions.

Definitions:

C, — Voltage Variable Junction Capacitance

Rs — Series Resistance (semiconductor bulk, contact,
and lead resistance)

Cc — Case Capacitance

Ls — Series Inductance

R, — Voltage Variable Junction Resistance (negligible
above 100 kHz)

FIGURE 7
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B. EPICAP CAPACITANCE VS REVERSE BIAS VOLTAGE

The most important design characteristic of an EPICAP
diode is the Cy versus Vi variation as shown in equations 1 and
2. Since the designer is primarily interested in the slope of Ct
versus Vi, the Ce, Co, ¢, and v characteristics have been en-
compassed by the simplified equation 3. Min/max limits on
a (as defined in Note 6) can be guaranteed over a specified
Vi range.

Ci=Cc+Cs

Cr=C¢c+
14+

¢

Co
v @

C.=C;atVr =0

¢ = Contact Poten

Vk = Reverse Bias
v = C; slope, ¥ ~ 0.5

= 0.6 Voit

C. EPICAP CAPACITANCE VS FREQUENCY

Variations in EPICAP effective capacitance, as a function of
operating frequency, can be derived from a simplified equiv-
alent circuit similar to that of Figure 7, but neglecting Rs and
R,. The admittance expression for such a circuit is given in
equation 4. Examination of equation 4 yields the following
information:

At low frequencies, C.q = Cy; at very high frequ
(f = o0) Coq == Cec.

As frequency is increased from 1 MHz, C.q incre
it is maximum at «? = 1/LsC,; and as w? is inc
1/LsC, toward infinity, C.q increases from a ve
pacitance (inductance) toward C.; =Cc, a posit

Very simple calculations for C,q at highe
cate the problems encountered when capag¢i
are made above 1 MHz. As w approaches;
variations in Ls cause extreme variati
capacitance.

D. EPICAP FIGURE OF MERIT (

The efficiency of EPICAP
related to the Figure of
tion 5. For very low fre
at high frequencie

familiar form of equation 7.
Another usefu i i
frequency (fe)

nt harmonic generation is possible with Motorola
APS because of their high cutoff frequency and break-
down voltage. Since EPICAP junction capacitance varies in-
versely with the square root of the breakdown voltage,
harmonic generator performance can be accurately predicted
from various idealized models. Equation 9 gives the level of
maximum input power for the EPICAP and equation 10 gives
the relationships governing EPICAP circuit efficiency. In these
equations, adequate heat sinking has been assumed.

(€))
. . jowCy
Y = jwCeq = jwC. +—1 — wILiC, “4)
VLsC,, small
measured diode
— Xch
TOFF FREQUENCY {f..) Q= Roes 5)
se to an input frequency is C,R,2
rit of the device as defined in equa- Que = Azl (6)
es, equation 6 applies whereas Ry + Rs(1 + w2C2R?)
R, can be neglected, equation 5 1
Que = @)
wRSCoq
1
co = fmal R 8
f Q 27RsCavr ®)
_. M(BVk + ¢)% fia
Pingmayy = ————*— =%
fred Rs feo ©
M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196
Eff=1— N ff"“' (10)
N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5
M and N are Constants
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