


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MU2646 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted.! 

Characteristic 

Intrinsic Standoff Ratio 
(VB2Bl = 10 V) (Note 1) 

Interbase Resistance 
(VB2Bl = 3.0 V, IE = 0) 

Interbase Resistance Temperature Coefficient 
(VB2Bl = 3.0 V, IE = 0, TA = -550 C to +1250 C) 

Emitter Saturation Voltage 
(VB2Bl = 10 V, IE = 50 mA) (Note 2) 

Modulated Interbase Current 
(VB2Bl = 10 V,IE = 50 mAl 

Emitter Reverse Current 
(VB2E = 30V,IBI = 0) 

Peak Point Emitter Current 

(VB2Bl = 25 V) 

Valley Point Current 
(VB2Bl = 20 V, RB2 = 100 ohms) (Note 2) 

Base-One Peak Pu lse Voltage 
(Note 3, Figure 3) 

Notes 

(1 J Intnnslc standoff ratio, 
I"L is d.efmed by equation 

n= Vp-V(EB1) 

VB2Bl 

Where Vp �~� Peak Pomt Emitter Voltage 

VS281 - I nterbase Voltage 
V(EB1) = Emitter to Base-One Junction Diode Drop 

(",,0.5V@10j.lA) 

Svmbol Min TVp Max Unit 

1) 0.56 - 0.75 -

rBB 4.7 7.0 9.1 kO 

arBB 0.1 - 0.9 %/oC 

VEBI (sat) - 3.5 - Volts 

IB2(mod) - 15 - mA 

IEB20 - 0.005 12 j.lA 

Ip - 1.0 5.0 IlA 

IV 4.0 6.0 - mA 

VOBI 3.0 5.0 - Volts 

(2) Use pulse techniques PW �~� 300 JLS, duty cycle �~� 2% to aVOId 
Internal heating due to Interbase modulation which may result in 
erroneous readmgs 

(3) Base-One Peak Pulse Voltage IS measured In cIrcuit of Figure 3. 
ThiS specification is used to ensure minimum pulse amplitude for 
applIcations," SeA firing CirCUits and other types of pulse circuits. 

FIGURE 2 

FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
AND NOMENCLATURE 

STATIC EMITTER CHARACTERISTIC 
CURVES FIGURE 3 - VOBI TEST CIRCUIT 

(Typical Relaxation OSCillator) 

'S2 -
'E -

I 
E 

V S2Bl 

VE 

J 

(Exaggerated to Show Details) 

Cutoff 
Region 

V EB1 (sat) 

Vv 

-

VE 

'EO 

NegatIve 
ResIstance -.,... SaturatIon 

Region I Region 

Emitter To 
8ase-1 

Characteristic 

'V 
IE 
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MU2646M (SILICON) 

SI LICON ANNULAR PN 
UNIJUNCTION TRANSISTOR 

· .. designed for use in pulse and timing circuits, sensing circuits and 
thyristor trigger circuits. These devices feature: 

• Low Peak Point Current - 5.0 p.A (Max) 

• Passivated Surface for Reliability and Uniformity 

MAXIMUM RATINGS (T A = 25"C unless otherwise noted.) 

Rating Symbol Value Unit 

RMS Emitter Current IE(RMS) 50 mA 

P.ak Pulse Emitter Current (2) I. 2.0 Amp 

Emitter Reverse Voltage VB2E 30 Volt. 

Int.rbose Voltage VB2Bl 36 Volt. 

Power Dissipation (1) Po 300 mW 

Operating Junction Temperature Range TJ -65 to +126 uc 
Storage Temperature Range Totg -66 to +150 °c 

(1) Derate 3.0 mWJOC inaeaaa in ambtent temperature. The total power dissipation 
(available power to Emitter and Ba_·Two) must be limited by the external circuitry. 

(2) Cspacitor discharge - 10 "F or less, 30 volts or I .... 

1390 

PN UNIJUNCTION 
TRANSISTOR 

STYLE 5, 
PIN 1. EMITTER 

2. BASE 1 
3. BASE 2 

All JEDEC notlland dimensions apply. 

CASE 22·03 
(T()'181 



MU2646M (continued) 

* ELECTRICAL CHARACTERISTICS (T A= h dl un ess at erwise note . 

Characteristic 

Intrinisic Standoff Ratio 
(VB2Bl = 10 VI (Note 11 

Interbase Resistance 
(VB2Bl = 3.0 V. IE = 01 

Interbase Resistance Temperature Coefficient 
(VB2Bl = 3.0 V. IE = 0, TA = -550 C to +1250 CI 

Emitter Saturation Voltage 
(VB2Bl = 10 V, IE = 50 mAl (Note 21 

Modulated Interbase Current 
(VB2Bl = 10 V, IE = 50 mAl 

Emitter Reverse Current 
(VB2E =30V,ISI =01 

Peak Point Emitter Current 

(VB2Bl = 25 VI 

Valley Point Current 
(VB2Bl = 20 V, RB2 = 100 ohmsl (Note 21 

BasewOne Peak Pulse Voltage 

(Note 3, Figure 31 

Notes: 

(1) Intrinsic standoff ratio. 
11. is defined by equation· 

Where Vp = Peak Point Emitter Voltage 
VB281 = Interbase Voltage 
VEal = Emitter to Base-One Junction Diode Drop 

(""O.5V@10IlAI 

Symbol Min Typ Max Unit 

'1 0.56 - 0.75 -

rBB 4.7 7.0 9.1 k!l. 

arBB 0.1 - 0.9 %/oC 

VEB1(satl - 3.5 - Volts 

IB2(modl - 15 - mA 

IEB20 - 0.005 12 IlA 

Ip - 1.0 5.0 IlA 

IV 2.0 4.0 - mA 

VOSI 3.0 5.0 - Volts 

(2) Use pulse techniques: PW ~ 300 /J.S, duty cycle ~ 2% to avoid 
internal heating due to interbase modulation which may result in 
erroneous readings. 

(3) Base-One Peak Pulse Voltage is measured in circuit of Figure 3. 
This specification is used to ensure minimum pulse amplitude for 
applications in SeR firing circuits and other types of pulse circuits. 

FIGURE 2 

FIGURE 1 

UNIJUNCTION TRANSISTOR SYMBOL 
ANO NOMENCLATURE 

STATIC EMITTER CHARACTERISTIC 
CURVES FIGURE 3 - VOBI TEST CIRCUIT 

(Typical Relaxation Oscillator) 

IB2 -
Ie -

I 
e 

B, 
V B2BI 

Ve 

I 

(Exaggerated to Show Details) 

Cutoff 
Region 

Vp 

veB1(sat) 
Vv 

Ve 

-leo 

Negative 
Resistance -.,.. Saturation 

Region Region 
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Base·' 

Characteristic 
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0.21lF 
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V, 
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MU4891 (SILICON) 
thru 

MU4894 

SILICON ANNULAR PLASTIC UNIJUNCTION TRANSISTORS 

•.. designed for military and industrial use in pulse, timing, 
triggering, sensing, and oscillator circuits. The annular process 
provides low leakage current, fast switching and low peak-point 
currents as. well as outstanding reliability and uniformity. 

Reoommended usage includes: 

• Long-time Delay Circuits - MU4894 

• Silicon Controlled Rectifier Triggering Circuits - MU4893 
• High-frequency Relaxation-Oscillator Circuits - MU4892 

• General-Purpose Unijunction Applications - MU4891 

MAXIMUM RATINGS (T, = 25'C unless otherwISe noted) 

Rating Symbol Value Unit 

RMS Power Dissipation' Pn 300 mW 

RMS Emitter Current Ie 50 mA 

Peak Pul.e Emitter Current" ie 1.0" Amp 

Emitter Rever.e Voltage VB2E 30 Volts 

Storage Temperature Range T.t~ -65 to +150 ·C 

* Derate 3.0 mW jOe increase.in ambient temperature. Total power dissipation 
(available power to Emitter and Base-Two) must be limited by external cir­
cuitry. lnterbase voltage (VB2B1) limited by power dissipation, 

VB2B1 =VRBB • Pn 
,. capacitance discharge current must fall to 0.37 Amp within 3.0 ms and PRR 

s 10 PPS. 

1392 

PN UNIJUNCTION 
TRANSISTORS 

STYLE 9: 
PIN 1. BASE 1 

2. EMITTER 
3. BASE 2 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 4.450 5.200 .175 0.205 
B 3.1.u 4.190 0.12~II,165 
C 4.320 5.330 0.170 0.210 
D 0.4O~ 0.533 0.016 0.021 

u.4O u.'.' _u.ul~ 11,.19 
K !.7UU 
L 1.150 1.390 0.045 0.055 
N 1.270 0.050 
P 6.350 0.250 
Q 3.430 0.135 
R 2.410 2.670 0.095 0.105 
S 2.030 2.670 0.080 0.105 

CASE 29-02 
TO-92 



MU4891 thru MU4894 (continued) 

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 

Characteristic 
Intrinsic Standoff Ratio 

(VB2Bl = 10 V) Note 1 MU4892 
MU4891, MU4893 

MU4894 

lnterbase Resistance 
(VB2Bl = 3.0 V, IE = 0) MU4891, MU4892 

MU4893, MU4894 

Interbase Resistance Temperature Coefficient 
(VB2Bl = 3.0 V, IE = 0, T A = _65°C to + 100°C) 

Emitter Saturation Voltage 
(VB2Bl = 10 V, IE = 50 mAl Note 2 

Modulated Interbase Current 
(VB2Bl = 10 V, IE = 50 mAl 

Emitter Reverse Current 
(VB2E = 30 V, IBI = 0) 

Peak Point Emitter Current 
MU4891 (V B2Bl = 25 V) 

MU4892, MU4893 
MU4894 

Valley Point Current 
(VB2B1 = 20 V, RB2 = 100 ohms) Note 2 

MU4891, MU4893, MU4894 
MU4892 

Base-One Peak Pulse Voltage 
(Note 3, Figure 3) 

MU4891, MU4892, MU4894 

NOTES 
1. Intrinsic standoff ratio. 

11,IS defined by equation: 

11=~1 
Ve2B1 

Where Vp = Peak Point Emitter Voltage 
Va281 = Interbase Voltage 

MU4893 

VIESl) = Emitter to Base-One Junction Diode Drop 
(-0.5 V @ 10~) 

Symbol Min Typ Max Unit 
~ -

0.51 - 0.69 
0.55 - 0.82 
0.74 - 0.86 

r BB kohms 
4.0 7.0 9.1 
4.0 7.0 12.0 

arBB %I"c 
0.1 - 0.9 

VEBl(sat) Volts 
- 2.5 4.0 

IB2 (mod) rnA 
10 15 -

I EB20 - 5.0 10 nA 

Ip JlA 
0.6 5.0 - 0.6 2.0 

- 0.6 1.0 

IV rnA 

2.0 4.0 -
2.0 3.0 -

VOBI volts 

3.0 5.0 -
6.0 8.0 -

2. Use pulse techniques: PW - 300 ItS duty cycle ~2% to avoid 
Internal heating due to mterbase modulation which may result in 
erroneous readmgs. 

3. Base-One Peak Pulse Voltage is measured in Circuit of Figure 3. 
This specification IS used to ensure minimum pulse amplitude for 
applications in SCR firing CirCUits and other types of pulse circuits. 

FIGURE 1 - UNIJUNCTION TRANSISTOR 
SYMBOL AND NOMENCLATURE 

FIGURE 2 - STATIC EMITTER 
CHARACTERISTICS CURVES 

FIGURE 3 - VaB' TEST CIRCUIT 
(Typical Relaxation Oscillator) 

_1,,- v, 

+20V 

RI R82 
20 kQ 100 II 

v, 
-[Jl---
VOl. 
I 

s, 
Vim 
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MUS4987 (SIUCON) 

MUS4988 

o o 

SILICON UNIDIRECTIONAL SWITCH 

' .. 

... designed for half·wave triggering in SCR phase control circuits, 
bi·stable memory elements and as voltage level detectors. Supplied 
in an inexpensive plastic TO·92 package for high·volume requirements, 
this low·cost plastic package is readily adaptable for use in automatic 
insertion equ ipment. 

• Low Switching Voltage - 8.0 Volts Typical 

• Uniform Characteristics in Each Direction 

• Low On-State Voltage - 1.5 Volts Maximum 

• Low Off-State Current - 0.1 /lA Maximum 

• Low Temperature Coefficient - 0.02%/OC Typical 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Dissipation Po 300 mW 
Derate above T A ::::t 250C 3.0 mW/oC 

Peak Reverse Voltage VR 30 Vdc 

DC Forward Anode Current IF 200 rnA 
Derate above T A = 2SoC 2.0 mA/oC 

DC Gate Current (off-state only) IGloffl 5.0 mA 

Repetitive Peak Forward Current IFM(repl 2.0 Amp 
(1.0% Duty Cycle, 10 I'S Pulse 
Width, T A = loooCI 

Non-Repetitive Forward Current IFM(nonrepl 6.0 Amp 
10 !-IS Pulse Width, T A = 25°C 

Operating Junction Temperature TJ -55 to +125 °c 
Range 

Storage Temperature Range Tstg -65 to +150 °c 

1394 

I SILICON 
UNIDIRECTIONAL SWITCH 

(PLASTIC) 

6.0-10 VOLTS 
300mW 

SEATING~ijjC 
PLANE K 

~ 
PIN 1. ANOOE --i 

2. GATE 

STYLE 16: D-iL!ttIL 

3'CA1HOD~V2E3 M 

-r--'" 0 

G J I 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

C 4.450 4.700 0.175 0.185 
0 0.407 0.482 .016 0.019 
E 50 NOM 50 NOM 
G 1.150 1.390 0.045 0.055 
J .1 .40 .0 5 0.095 
K 12.700 0.500 
L 1.270 TP 0.050 TP 
M 0.0; 6 O. ;30 0.003 0.013 

CASE 29·0' 



MUS4987, MUS4988 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Switching Voltage Vs Vde 
MUS4987 6.0 8.0 10 
MUS4988 7.5 8.0 9.0 

Switching Current IS J'Ade 
MUS4987 - 110 500 
MUS4988 - 80 150 

Reverse Current 'R I'Ade 
(VR = 30 V, TA = 25°C I MUS4987 - - 0.1 

(VR = 30 V, T A = 850 CI MUS4987 - - 1.0 

(VR = 30V, TA = 25°C) MUS4988 - - 0.1 

(VR = 30 V, TA = 100oC) MUS4988 - - 1.0 

Holding Current 'H mAde 
MUS4987 - 0.14 1.5 
MUS4988 - 0.11 0.5 

Forward Blocking Current 18 I'Ade 
(VF = 5.0 Vde, T A = 25°C) MUS4987 - - 0.1 

(VF = 5.0 Vde, T A = 850 C) MUS4987 - - 1.0 

(VF = 5.0 Vde, T A = 250 C) MUS4988 - - 0.1 

(VF = 5.0 Vde, T A = 100°C) MUS4988 - - 1.0 

Forward OnoStat. Voltage VF - 1.32 1.5 Vde 
(IF = 150 mAde) 

Peak Output Voltage (Ce=O.lI'F, RL =20ohms, Figure 9) Vo_ 3.5 4.6 - Vde 

Turn·On Time (Figure 10) ton - 1.0 - I'S 

Turn·Ott Time (Figure 11) toft - 25 - !,-S 

Temperature Coefficient of Switching Voltage TC - +0.02 - %f>c 

TYPICAL ELECTRICAL CHARACTERISTICS 

FIGURE 1 - SWITCHING VOLTAGE 
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0 8.4 
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w 
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'" z 
7.2 5 .... 
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> 6.4 

/ 
/' 

/" 
/" 

V 
/' 

/ 6.0 
-0.04 -0.03 0.02 -0.01 - +0.01 +0.02 +0.03 +0.04 

TC, TEMPERATURE COEFFICIENT 1%/0&1 
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'" z 
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50 

o 
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FIGURE 2 - SWITCHING CURRENT 
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MUS4987, MUS4988 (continued) 
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FIGURE 3 - HOLDING CURRENT 
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FIGURE 5 - FORWARD ON·STATE VOLTAGE 
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FIGURE 7 - REVERSE CURRENT 
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50 

~ 20 
.... 
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FIGURE 4 - FORWARD BLOCKING CURRENT 
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FIGURE 6 - OUTPUT VOLTAGE (FUNCTION OF RL AND Cel 
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MUS4987, MUS4988 (continued) 

FIGURE 9 - PEAK OUTPUT VOLTAGE TEST CIRCUIT 

10K 

(\ 

FIGURE 10 - TURN·ON TIME TEST CIRCUIT 

MERCURY RELAY 
...II 
I .... 

1.0kf! 
ANODE 

VOLTAGE Vs 

:::... 12 v 1.0W 0.01 ~F .. ( ~O.U 
\.. 

.T . 

VF 

Vf+0.1 (VS-VF) 

Turn-on time is measured from the time Vs is achieved to the time when the anode voltage drops to within 90% of the difference between Vs and VF. 

S.OV -=-
MERCURY 
RELAY 

FIGURE 11 - TURN·OFF TIME TEST CIRCUIT 

4Df! 

O.U.T. 

ANODE 
VOLTAGE 

With the SUS in conduction and the relaV contacts open, the contacts are closed and the anode is driven negative. C is decreased. and when the 
anode voltage becomes positive, the SUS remains off. The turn-off time, toff. is the time between initial contact closure and the point where the 
anode Yoltage passes through zero volts. 

1397 



MV104 (SILICON) 

vv c ---.! r--

SILICON EPICAP DIODES 

· .. designed for FM tuning, general frequency control and tuning, or 
any top·of·the·line application requiring back·to·back diode configu· 
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO·92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 

• Guaranteed Capacitance Range - 37-42 pF @ VR = 3.0 Vdc 

• Dual Diodes - Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Guaranteed Matching' Tolerance From Diode to Diode and 

Group to Group 

• Monolithic Chip Provides Near Perfect Matching - Guaranteed 

± 1% (Max) Over Specified Tuning Range. 
"Upon request, diodes are available in matched sets of any num~er or in 
matched groups. All diodes in a set or group can be matched for capacitance to 
± 1.5% or 0.1 pF (whichever is greater) over the specified tuning range. 

MAXIMUM RATINGS (Each Device) 

Rating Symbol Value 

Reverse Voltage VR 32 

Forward Current IF 200 

Total gower Dissipation q&T A = Po 280 
25 C Derate above 25 C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - OIODE CAPACITANCE lEach Device) 

0 ....... 

0 

0 

0 

0 

0 

10 

o 
0.3 0.5 

" " " " TA '250C 
f= 1.0 MHz 

............. 

1.0 2.0 3.0 5.0 10 20 30 

VR, REVERSE VOLTAGE (VOLTS) 
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Unit 

Volts 

rnA 

mW 
rnW/oC 

°c 
°c 

DUAL 
VOL TAGE-VARIABLE 

CAPACITANCE DIODES 

DIM 
A 
B 
C 
0 
F 
K 
L 
N 
P 
Q 

R 
S 

37-42 pF 

32 VOLTS 

MILLIMETERS INCHES 
MIN 
4.450 
3.180 
4.320 
0.407 
0.407 

1 
1.150 

6.350 
3.430 
2.410 
2.030 

MAX MIN 
5.200 0.175 
4.190 0.125 
5.330 0.170 
0.533 0.016 
0.482 U.016 

1.390 0.045 
1.270 

0.250 
0.135 

2.670 0.095 
2.670 0.080 

CASE 29·02 
TO·92 

MAX 
0.205 
0.165 
0.210 
0.021 
0.D19 

0.055 
0.050 

-
0.105 
0.105 



MV104 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted, Each Device) 

Characteristic-All Types Symbol Min Typ Max 

Reverse Breakdown Voltage BVR 32 - -
IIR = 1Ol'Adc) 

Reverse Voltage Leakage Current T A 250 e IR 50 
(VR = 30 Vdc) TA = sooe - - 500 

Series Inductance LS S.O 
(f = 250 MHz,Lead Length"" IllS") 

Case Capacitance ee - 0.18 -
(f = 1.0 MHz, Lead Length"" IllS") 

Diode Capacitance Temperature Coefficient Tee - 280 400 
(VR = 4.0 Vdc, f = 1.0 MHz) 

CT. Diode Capacitance a. Figure of Merit CR. Capacitance Ratio 
VR =3.0Vdc, f= 1.0MHz VR = 3.0 Vdc e3/C30 

pF f = 100 MHz f = 1.0 MHz 

Device Min I Max Min Min I Max 

MV104 37 I 42 100 2.5 J 2.8 

TYPICAL CHARACTERISTICS (Each Device) 

I­
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FIGURE 2 - FIGURE OF MERIT 
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FIGURE 4 - DIODE CAPACITANCE 
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FIGURE 3 - FIGURE OF MERIT 
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FIGURE 5 - REVERSE CURRENT 
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MV109 (SILICON) 

VVC~r--

SILICON EPICAP DIODE 

. designed in the new low· inductance Mini·L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid·state reliability in 
replacement of mechanical tuning methods. 

• High QWith Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini·L Package 

• Guaranteed Matching* Tolerance From Diode to Diode and Group 
to Group 

·Upon request, diodes are available in matched sets of any number or in matched 
groups. All d lodes in a set or group can be matched for capacitance to ±3% 
or 0.1 pF (whichever is greater) along the entire 'specified tuning range. 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Oevic~ Dissipation @ T A = 25°C PD 400 
Derate above 25°C 4.0 

Junction Temperature TJ +125 

StoraQe Temperature Range T st9 -65 to +150 

40 

36 

2 

~ 28 
z 
~ 24 
U 

~ 20 

w 16 
o 
c 
C 12 

Ii 8.0 

4. 0 

, 

o 
1.0 

FIGURE 1 - DIODE CAPACITANCE 

Tl= ~5JC 

" 
j=1.0MHz 

\ 

"- r-

2.0 .3.0 5.0 7.0 15 20 30 50 70 100 
VR, REVERSE VOLTAGE (VOLTS) 

1400 

Unit 

Volts 

mA 

mW 
mW/oC 

°c 
°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

26-32pF 

MILLIMETERS INCHES 
DIM MIN MAX MIN ...MA1L 

A 38' 411 0152 0.162 

• 292 lI. 0.115 0.125 
C 191 2.16 0.075 0.085 
D 064 089 0.025 0.035 
f 008 0.18 0.003 0.007 
H 1.30 1.55 0.051 0.061 
J 0.64 0.89 0.025 0.035 

• '4.06 432 0.160 0.170 
l 2.36 2.62 0.093 0.103 
N 1.12 1.37 0.044 0.054 
R 0.79 1.04 0031 0.041 
S 1.99 12.75 0.472 0.502 
T 114 1.40 0.045 0.055 
U 0.43 0.89 0.017 . 0.027 

CASE 226 



MV109 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unl ... otherwise noted) 

I 
I 

~ .... 
ffi ,. 
~ 

o 
w 

'" => 
to 
u:: 

Characteristic-Ail Types 

Reverse Breakdown Voltage 

OR ' lO~Ade) 

Reverse Voltage Leakage Current 

(VR = 28 Vdc, T A = 25°C) 

Series Inductance 

(I = 250 MHz, Measured at Lead Stop",,1/8") 

Case Capacitance 
II = 1.0 MHz) 

Diode Capacitance Temperature CoeffiCient 

(VR = 3.0 Vde, I = 1.0 MHz) 

CT. Diode Capacitance 
VR =3.0Vdc,f= 1.0MHz 

pF 

Device Minj Nom 1 Max 

MV109 26 1 29 1 32 

FIGURE 2 - FIGURE OF MERIT 

0 
f-- TA = 250 C 

1=5OMH, ,/ 
0 

5. 0 

3. 0 

2. 0 
./ 

1. 0 ./ 

d 0.5 

1./ 

Symbol Min Typ Max Unit 

BVR 30 Vde 

IR 0.1 "Ade 

LS - 3.0 nH 

Cc - 0.1 pF 

TCC - 300 400 ppm/oC 

Q. Figure of Merit CR. Capacitance Ratio 
VR = 3.0 Vdc C3/C25 Package 

f=50MHz f= 1.0 MHz Body Stripe R idga Stripe 

Min Min I Max Color Calar 

280 5.0 I 6.5 RED YELLOW 

FIGURE 3 - LEAKAGE CURRENT 

100 

./ 

1 
10 

.... 

~ 1.0 
VR-2oVdc L 

L 

13 
w V 
'" '" 0.1 

~ 
!E 0.01 

./ 

V 
./ 

0.3 

0.2 
o 3.0 6.0 9.0 12 15 18 21 24 27 30 

0.001 
-60 -20 +20 +60 +100 +140 

1.04 

~ 1.03 
:::i 
~ 1.02 
o 

VR, REVERSE VOLTAGE IVOLTS) 

FIGURE 4 - DIODE CAPACITANCE 

VR = 3.0 Vdc V" 

TA, AMBIENTTEMPERATURE (DC) 

NOTES ON TESTING AND SPECIFICATIONS 

1. LS IS measured on a package having a short Instead of a die. using an 
impedance bridge (Boonton Radio Model 250A R X Meter). 

~ 1.0 1-f-f= 1.0MH, ........... 
2. Cc IS measured on a package without a die, usmg a capacitance 

bridge (Boonton Electronics Model 75A or equivalent). 
w 
'-' 
~ 1.00 .... 
13 
~ 0.99 
;3 
~ 0.98 
o 
i5 
iO.97 

0.96 
-75 -50 

/'" 

.,./ 
,...... 

-25 +25 

.......... --
+50 +75 +100 +125 

3. a IS calculated by takmg the G and C readings of an admittance 
bridge. such as Boonton Electronics Model 33AS8. at the specified 
frequency and substituting in the following equation. 

2"fC 
Q=­

G 

TA, AMBIENTTEMPERATURE (DC) 

4. CR is the ratio of CT measured at 3.0 Vde divided by CT measured 
at 25 Vdc. 

1401 



MV205 (SILICON) 

MV206 

vvc -+I~ 

SILICON HYPER·ABRUPT TUNING DIODES 

••. designed for microwave tuning applications where minimum 
package parasitics are required. 

• High Guaranteed Q@ 100 MHz­
Q = 225 (Min) - MV205 

= 150 (Min) - MV206 

• Guaranteed Tuning Ratio, C3/C25 @ 1.0 MHz -
CR = 4.5 (Min) - MV205 

= 4.0 (Min) - MV206 

• Supplied in Rugged Hermetic Ceramic Package 

MAXIMUM RATINGS 

Rating Svmbol 

Reverse Voltage VA 
Forward Current IF 

Device Dissipation@Tc= 25°C Po 
Derate above 25°C 

Value 

30 

200 

5.0 
28.6 

Operating and Storage Junction TJ,Tstg fs5 to +200 
Temperature Range 

FIGURE 1 - DIODE CAPACITANCE 
20 

18 ~ 

~ 
16 ~ ... 

" 14 " '" ... 12 G 
~ 10 5 ... 

8.0 " 

~ 

" ~ 
..... 

c 
~ 6.0 
t; 

4.0 

2.0 

TA = 25"C 
f =1.0 MHz 

II ~ 

o III 
0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

VR, REVERSE VOLTAGE (VO-LTSI 

1402 

Unit 

Volts 

mA 

Watts 
mW/oC 

°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

DIM 

A 
8 
C 
0 
F 
H 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

2.97 3.30 0.117 0.130 
1.96 2.21 0.077 0.087 
3.78 4.09 0.149 0.161 
1.52 1.68 0.060 0.066 
1.50 1.65 0.059 0.065 
1.78 1.93 0.070 0.076 

CASE 45·01 



MV205, MV206 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted,) 

Characteristic - All Typas 

Reverse Breakdown Voltage 
OR = 10"Ade) 

Reverse Voltage Leakage Current 
IVR=28V) 
IVR = 28, T A = 6oDC) 

Series Inductance (11 
(f = self resonant frequency) 

Case Capacitance (2) 
If = 1.0 MHz) 

Diode Capacitance Temperature Coefficient (6) 
IVR = 3.0 Vde, f = 1.0 MHz, -55°C to +1250C) 

CT(2),13) 
Device VR = 25"Vde 
Typa pF 

Min Max 

MV205 2.0 2.3 

MV206 1.8 2.8 

FIGURE 2 - FIGURE OF MERIT 

160 Ii I V 
01-- TA=250 C / 

f = 100 MHz / V 
0 

V / 
0 

I / / MV205 
V / / 0 

........ V V 
MV206 

0 

....... V f...-" 
O~ 

140 

120 .... 
ii' 
~ 100 
~ 

~ 800 
:J 

~ 60 

40 

20 

4.0 B.O 12 16 20 24 2B 

VR, REVERSE VOLTAGE (VOLTS) 

32 

Symbol 

BVR 

IR 

LS 

Cc 

TCe 

0(5) 
f = 100MHz 
CT = 9 pF 

Min 

225 

150 

1.04 

~ 1.0 3 
:::; 

~ 1.0 2 

o 
~ 1.0 I 
w 
u 

! 1.0 
;:; 
~ 0.9 
~ 
~ 0.9 
o 

0 

9 

B 

C 
:; 0.97 

0.96 
-75 

Min Typ Max Unit 

30 - - Vde 

- - 50 nAde 
- - 0.5 "A de 

- 0.8 - nH 

- 0.15 - pF 

- - 400 ppm/oC 

CR (4) 
f= 1.0 MHz 

C3/C25 

Min Max 

4.5 6.0 

4.0 6.0 

FIGURE 3 - DIODE CAPACITANCE 

VR = 3.0 Vdc ~ 
V-

~ ~ 

V 
./V 

-50 -25 0 +25 +50 +75 +100 +125 
TA, AMBIENT TEMPERATURE (DC) 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 

LS is determined from the self resonant frequency and the 
junction capacity of the device. 

1 
LS=-2-­

W resCJ 

2. Ce, CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capaci­
tance bridge (Boonton Electronics Model 75A or equivalent.) 

3. CT, DIODE CAPACITANCE 

ICT = Cc + CJI. CT is measured at 1.0 MHz using a capacitance 
twidge (Boonton Electronics Model 75A or equivalent.) 

4. CtI. CAPACITANCE RATIO 

CR i. the ratio of CT measured at 3.0 Vde divided by CT 
......... d at 25 Vde. 

1403 

5. 0, FIGURE OF MERIT 
o is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the followw 

ing equations: 
2nfC 

Q=-­
G 

(Boonto" Electronics Model 33ASB or equivalent). 

6. TCe, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCe is guarantead by comparing CT at VR = 3.0 Vdc, f • 1.0 
MHz, T A = -55°C with CT at VR = 3.0 Vde, f = 1.0 MHz, 
T A = +1250C in the following equation, which deftn.s TCe: 

ICT(+1250C) - CTI-55"C)1 x 106 

TCe = 155 + 125) CTI25"C) 

Aee .... ey limited by CT measurement, to. 1 pF . 



M V209 (SILICON) 

vvc~\--

SILICON EPICAP DIODE 

· .. designed for VH F TV tuning, AFC, general frequency control 
and tuning applications; providing solid·state reliability in replace· 
ment of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values at VHF Frequencies 

• Control/ed and Uniform Tuning Ratio 

• Guaranteed Matching(1) Tolerance From Diode to Diode and 
Group to Group 

• Supplied. in One'Piece, Unibloc Package for High Reliability. 

(1)Upon request, diodes are available In matched sets of any number or in 
matched groups. All diodes in 8 sat or group can be matched for capacitance 
to ±3% or 0.1 pF (whichever is greater) along the entlr. specified 
tuning range. 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Po .... r Diaipation @ T A = 26"C Po 280 
Derate above 26"C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

~ 

.s ... 
u 
z 

'" ... 
i3 
~ 
5 ... 
Q 
Q 

i5 

I:i 

40 
........... 

36 

32 

28 

24 

20 

16 

12 

8.0 

4.0 

o 
1.0 

FIGURE 1 - DIODE CAPACITANCE 

Ti = ~5JC 
i'- f= 1.0 MHz 

\ 

1"-.. 
r-

2.0 3.0 5.0 1.0 10 20 30 50 10 100 
VR. REVERSE VOLTAGE (VOLTS) 

1404 

Unit 

Volts 

mA 

mW 
mW/oC 

°c 
°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODE 

26-32 pF 

T H 
SEATING . 

p~1EIJ~B A 

PLANE . 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 

R 

F l 

--.l K 

A I 
D-::!i'iiG ~ 

..:J J 1-= ;:::c 
I SECTA.A r R c 

~ 
STYLE 2: 

PIN 1. CATHODE 
2. ANODE 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

4.32 5.33 0.110 0.210 
4.45 5.21 0.115 0.205 
3.18 4.19 .1 5 
0.356 0.533 0.014 0.021 
0.401 0.412 

1.21 0.05 I BSC 
- 1.21 - 0.050 
2.54 BSC 0.100 BSC 

12.10 - U.500 -
~,3It - -
z.lJ3. 

~ .1 -
3.43 - 0.135 -

All JEDEC dimenSIOns Bnd notes Ipply. 

CASE 182-02 



MV209 (continued) 

E lECTR ICAl CHARACTER ISTICS (T A " 250 C unless otherwise noted) 

I 
I 

Characteristic Symbol 

Reverse Breakdown Va'tage BVR 
OR" 10 /lAde) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vde) 

Series Inductance (Note 1) LS 
(f = 250 MHz, Lead Length"" 1/8") 

Case Capacitance (Note 2) Cc 
(f" 1.0 MHz) 

Diode Capacitance Temperature Coefficient TCC 
(VR = 3.0 Vde, f " 1.0 MHz) 

Ct. Diode Capacitance 
VR = 3.0 Vdc, f = 1.0 MHz 

0 

7. 
5. 

0 

0 

0 

0 3. 

2.0 

1.0 

O. 7 

pF 

Device Min 1 Nom 1 Max 

MV209 26 I 29 1 32 

FIGURE 2 - FIGURE OF MERIT 

I--- TA = 250 C 
f = 50 MHz I7 

/' 
7 

d 0.5 

I../' 0.3 

0.2 
o 

1.0 4 

ffi 1.0 3 
N 

~ 1.0 2 

o 

3.0 6.0 9.0 12 15 18 21 24 ~27 30 

VR. REVERSE VOLTAGE (VOLTS) 

FIGURE 4 - DIODE CAPACITANCE 

VR = 3.0 Vdc V 
...,/ 

If--t-f= 1.0 MHz 

J.....-et"'" Cc+ Cj 
~ 1.0 
w 

'"' ~ 1.0 0 
>­
u 
if 0.9 
;'l 

9 

~ 0.98 
o 
C <i 0.97 

0.96 
-75 -50 

~ 

./ V 
./V 

-25 +25 +50 +75 +100 +125 

TA, AMBIENTTEMPERATURE (OCI 

Min Typ Max Unit 

100 
60 

20 
10 1: 6.0 

~ ~:~ 
~ 0.6 

~ 0.2 
~ 0.1 
~ 0.06 

'" 0.02 
- 0.01 

0.006 

0.002 
0.001 

30 - - Vde 

- - 0.1 /lAde 

- 6.0 - nH 

- 0.2 - pF 

- 300 400 ppm/oC 

0, Figure of Merit CR. Capacitance Ratio 
VR = 3.0Vdc CalC25 

f = 50 MHz fiN~~.~rz (Not. 3) 

Min Min I Max 

200 5.0 I 6.5 

FIGURE 3 - LEAKAGE CURRENT 

./ 

VR=20Vdc ./ 
./ 

./ 

-60 -40 -20 +20 +40 +60 +80 +100 +120 +140 

TA. AMBIENTTEMPERATURE (DC) 

NOTES ON TESTING AND SPECIFICATIONS 

1. LS is measured on a package having a'short instead of a die. using 
an impedance bridge (Boonton RadiO Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the 
specified frequency and substituting in the following equation: 

21rfC 
Q=-­

G 

4. CR is the ratio of Ct measured at 3.0 Vdc divided by Ct 
measured at 25 Vdc. 

1405 



MV830 thru MV840 (SILICON) 

Silicon voltage-variable capacitance diodes, de­
signed for electronic-tuning applications from 15 to 
100 pF. 

CASE 51 
(DO·7) 

Polarity band on 
cathode end 

MAXIMUM RATINGS ITc $ 25°C unless oti)erwisa noted I 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Device Dissipation @ T A = 25°C PD 

Derate above 25°C 

Device Dissipation@ TC = 25°C Po 
Derate above 25°C 

Junction Temperature TJ 

Storage Temperature Range Tstg 

1406 

Value. Unit 

30 Vde 

250 mAde 

400 mW 

2.67 mW/oC 

2.0 W 

13.3 mW/oC 

+175 °c 

-65 to+ 200 °c 



MV830 thru MV840 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted) See Notes 

Characteristic - All Types Symbol Test Conditions Min Typ Max Unit 

Reverse Breakdown Voltage BVR IR = 10 /.lAdc 30 - - Vdc 

Reverse Voltage Leakage Current IR VR = 25 Vdc - - 0.2 /.lAdc 

Series Inductance LS f = 250 MHz, L = 1/16" - 5 10 nH 

Case Capacitance Cc f = 1 MHz, L = 0 - 0.25 0.3 pF 

CT, Diode Capacitance TR, Tuning Ratio 
Q, Figure 01 Merit 

VR = 4 Vdc, 1 = 1 MHz l=lMHz 
pF C./C'5 VR = 4Vdc, 1= 50 MHz ex 

Device Min Typ Max Min Typ Min Typ Min Typ 

MV830 13.5 15.0 16.5 1.8 2.00 30 35 0.32 0.375 

MV831 16.2 18.0 19.8 1.8 2.00 25 30 0.32 0.375 

MV832 19.8 22.0 24.2 1.8 2.10 25 30 0.32 0.40 

MV833 24.3 27.0 29.7 1.8 2.10 25 30 0.32 0.40 

MV834 29.7 33.0 36.3 1.9 2.12 20 25 0.35 0.41 

MV835 35.1 39.0 42.9 1.9 2.12 20 25 0.35 0.41 

MV836 42.3 47.0 51.7 1.9 2.15 15 20 0.35 0.415 

MV837 50.4 56.0 61.6 1.9 2.15 15 20 0.35 0.415 

MV838 61.2 68.0 74.8 2.0 2.18 15 20 0.375 0.425 

MV839 73.8 82.0 90.2 2.0 2.18 10 15 0.375 0.425 

MV840 90.0 100.0 110.0 2.0 2.18 10 15 0.375 0.425 

PARAMETER TEST METHODS 

1. Ls, SERIES INDUCTANCE 
L. is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 2~OA RX Meter). 
L = lead length. 

2. Cc• CASE CAPACITANCE 
CC is measured on an open package at IMH, using a capaci· 
tance bridge (Boonton Electronics Model 75A). 

3. CT. DIODE CAPACITANCE 
(Cr = Cc + CJ). C. is measured at IMH. using a capacitance 
bridge (Boonton Electronics Model 33ASS). 

4. TR. TUNING RATIO 
TR is the ratio of C. measured at 4 Vdc divided by C. meas· 
ured at 25 Vdc. 

5. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admit· 
tance bridge at the specified frequency and substituting in 
the following equations: 

Q=2 .. fC 
G 

(Boonton Electronics Model 33AS8). 

6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 

1407 

The diode capacitance, C. (as measured at V. = 4Vdc, 
f = 1 ,MH,), is compared to C. (as measured at V. = 30Vdc, 
f = 1 MHZ) by the following equation which defines ". 

" log C.(4) - log C.(30) 
log30-log4 

Note that a C. versus V. law is assumed as shown in the 
following equation where Co is included. 

Cr=~ 
V" 



MV1401, MV1403 (SILICON) 

MV1404, MV1405 

vvc ---.!r-

SILICON HYPER-ABRUPT JUNCTION 
TUNING DIODES 

· .. designed with a capacitance change of greater than TEN TIMES 
for a bias change ranging from 2 to 10 volts. Provides tuning. over 
broad frequency ranges, tuning AM radio broadcast band, general 
AFC and tuning. applications in lower R F frequencies. 

• High Q with Guaranteed Minimum Values 

• Broad Capacitance Selection from 120-550 pF (Nominal Values) 

• Available in Two Standard Glass Packages 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 12 Volts 

Forward Current IF 250 mA 

Device Dissipation @TA "" 25°C Po 400 mW 

Derate above 25°C 2.67 mW/oC 

Junction Temperature TJ +175 DC 

Storage Temperature Range Tstg -65 to +200 DC 

1408 

HIGH TUNING RATIO 
VOLTAGE - VARIABLE 
CAPACITANCE DIODES 

MV1403 
MV.1404 
MV1405 

T" 

120-550 pF 
12 VOLTS 

CASE 146 . 

MILLIMETERS INCHES 
DIM MIN MAX MIN M X 

5.84 7.8 
.2.18 2.72 

0:46 0.58 
t.27 

0.230 I 0.300 
0.086 .17 
0.0180.022 

• O. 
K 5.40 1.000 

D'M 

A 

• D 
F 
K 

CASE 51-02 
DO-204AA 

MILL! ETERS INCHES M,. MAX M,. MAX 

5 .. 7.62 0230 0.300 
2.74 3.56 O.lOS' .1 
0." " 0.1 0 
- 1 -

25.40 - 1.000 -
AlIJEDECdimensionsandnotesallply. 

STYLE 1 
PIN 1. CATHODE 

2.ANOOE 

CASE 146 
DD-204A8 



MV1401, MV1403, MV1404, MV1405 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Char_istic-AII Ty_ Symbol Min 

Reverse Breakdown Voltage BVR 12 
(lR = 10 "Adc) 

Rave ... Voltage Leakage Currant IR -
(VR = 10 Vdc, T A = 250 C) 

Series Inductance Ls -
(f = 250 MHz,Lead Length "" IllS") 

Case Capacitance 
(f = 1.0 MHz, Lead Length"" 1/1S") 

Cc -

CT, Diode Capacitance 

VR = 1.0 Vdc, f = 1.0 MHz VR = 2.0 Vdc, f = 1.0 MHz 
pF pF 

Device Min Nom Max Min Nom 

MV1401 468 550 S33 - -
MVI403 - - - 140 175 
MVI404 - - - 9S 120 
MVI405 - - - 200 250 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 

Ls is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Ce, CASE CAPACITANCE 

Cc is measured on an opan package at 1.0 MHz using a capacitance 
bridge (Boonton EIec1ronics Model 75A or equivalent). 

3. CT, DIODE CAPACITANCE 

Max 

-
210 
144 
300 

700 

500 

300 

~ 200 
'-' 
'" 

f=.... 

Typ Max Unit 

- - Vdc 

- 0.10 "Adc 

5.0 nH 

0.25 - pF 

Q, Figure of Merit TR, Tuning Ratio 

VR = 2.0Vdc, C, /C'0 C2/C'0 
f= 1.0 MHz f= 1.0 MHz f=I.0MHz 

Min Min Min 

200 14 -
200 - 10 
200 - 10 
200 - 10 

FIGURE 1 - DIODE CAPACITANCE 

versus REVERSE VOLTAGE 

MV1405 

N 

I ~ .'- MV1401 

......... ,... (CT = Cc + CJ). Cy is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). ;::!: 10 

t3 70 

~ 
o t=== MV1403 ~" tv 

4. TR, TUNING RATIO 

TR is the ratio of Cy measured at 2.0 Vdc (1.0 Vdc for MV1401) 
divided by CT measured at 10 Vdc. 

5. Q, FIGURE OF MERIT 

Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equation: 

2"fC 
Q=­

G 

(Boonton Electronics Model 33ASS). Use Lead Length "",l,S". 

1409 

_ 50 

;; 
0 

0 

10 
1.0 

MV1404 " 
....... 

I I I-
2.0 3.0 5.0 7.0 10 15 

VR, REVERSE VOLTAGE (VOl 



MV1620 thru MV1650 (SILICON) 

Silicon Epicap diodes, epitaxial passivated tuning 
diodes designed for AFC applications in radio, TV, 
and general electronic-tuning, 

CASE 51 
(DO·7) 

MAXIMUM RATINGS (Tc= 2S'C unl, •• olherwlse noted) 

Rating 
Reverse Voltage 

Forward Current 

Device Dissipation @ T A = 25° C 

Derate above 25°C 

Device DisSipation @ T C = 25° C 

Derate above 25° C 

Junction Temperature 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS (T, = 2.·C "'OI.oIh,,,,, ... 01'" 

Symbol Value 
VR 20 

IF 250 

PD 400 

2.67 

PD 2 

13.3 

TJ +175 

Tstg -65 to +200 

Characteristic - All Types Test Conditions Symbol Min Typ 

Reverse Breakdown Voltage ~ = 10 I'Adc BVa 20 -
Reverse Voltage Leakage Current Va = 16 Vdc la - -
Series Inductance f = 250 MHz,lead length~1/16"1 LS - 5.0 

Case Capacitance f = 1 MHz, lead length ~ 1/18" Cc - 0.25 

CT, Diode Capacitance Q, Figure of Merit 
V. = 4Vdc,f =lMHz V. = 4 Vdc, 

Device pF f=SOMHz 

Min Nom Max Min 

MVI620 6.1 6.8 7.5 300 
MVI822 7.4 8.2 9.0 300 
MVI624 9.0 10.0 11.0 300 
MVI626 10.8 12.0 13.2 300 

MVI828 13.5 15.0 16.5 250 
MVI630 16.2 18.0 19.8 250 
MVI632 18.0 20.0 22.0 250 
MVI634 19.8 22.0 24.2 250 

MVI836 24.3 27.0 29.7 200 
MVI636 29.7 33.0 36.3 200 
MVI640 35.1 39.0 42.9 200 
MVI642 42.3 47.0 51. 7 200 

MVI644 50.4 56.0 61.6 150 
MVI646 61.2 68.0 74.8 150 
MVI648 73.8 82.0 90.2 150 
MVI650 90.0 100.0 110.0 150 

* TR, Tuning Ratio, is the ratio of CT measured at 2 Vdc divided by CT measured at 20 Vdc. 
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Unit 
Volts 

mAdc 

mW 

mW/oC 

Watts 

mW/oC 

°c 

°c 

Max Unit 

- Vdc 

0.1 I'Adc 

10 nH 

0.3 pF 

TR, Tuning Ratio • 
C21C2D 
f=lMHz 

Min Max 

2.0 3.2 
2.0 3.2 
2.0 3.2 
2.0 3.2 

2.0 3.2 
2.0 3.2 
2.0 3.2 
2.0 3.2 

2.0 3.2 
2.0 3.2 
2.0 3.2 
2.0 3.2 

2.0 3.2 
2.0 3.2 
2.0 3.2 
2.0 3.2 



MV1652 (SILICON) 

MV1654 
MV1656 
MV1658 
MV1660 
MV1662 
MV1664 
MV1666 

Silicon epicap epitaxial passivated tuning diodes 
designed for general tuning, trimming and AFC applica­
tions at low radio frequencies. 

CASE 146 

MAXIMUM RATINGS 

Rating 

Reverse Voltage 

Forward Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Junction Temperature 

Storage Temperature Range 

0 

FIGURE 1 - DIODE CAPACITANCE var .. s 
REVERSE VOLTAGE 

Symbol 

VR 

IF 

PD 

TJ 

Tstg 

1000 

60 

~ 400 - MV1666 MV1662-

"' ... 
~ 200 .. 
f 100 
<5 80 
~ 60 
o 
Ci 40 

20 

10 
1.0 

-- r-rt. .L ---- --r- il" ::::::=::...... --
MV1652 r-MV1658 -MV1660-

2.0 4.0 6.0 8.0 10 20 

YR. REVERSE VOLTAGE 
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MV1652 
MV1654 
MV1656 MV1662 
MV1658 MV1664 Unit MV1660 MV1666 

20 15 Vdc 

400 mAde 

400 mW 

2.67 mWjOC 

175 OC 

-65 to +200 OC 

PARAMETER TEST METHODS 
1. Ls. SERIES INDUCTANCE 

LS. is determined from the self resonant frequency and 
the junction capacity of the device. 

LS~_l­
w~CJ 

2. CT, DIODE CAPACITANCE 
(CT ~ Cc + CJ). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A or 
equivalent!. 

3. TR, TUNING RATIO 
TR is the ratio of CT measured at 2.0 Vdc divided by CT 
measured at 20 Vdc or at 15 Vdc. 

4. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an ad­
mittance bridge at the specified frequency and substituting 
in the following equations: 

211'fC 
Q~G 

(Boonton Electronics Model 33ASQ with range extender 
or equivalent). 



MV1652/1654/1656/1658/1660/1662/1664/1666 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 2S"C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR Vdc 
(~ = 10 /lAde) MV1652 thru MV1660 20 - -

MV1662 thru MV1666 15 - -
Reverse Current IR /lAde 

(VR = 15 Vdc) MV1652 thru MV1660 - - 0.1 

(VR = 10 Vde) MV1662 thru MV1666 - - 0.1 

Series Inductance MV1652 thru MV1666 LS - 5.0 - nH 

Cr, Diode Capacitance 
Q, Figure of Merit 

Capacitance Ratio 

Device VR=4.0Vdc, f=1.0 MHz 
VR=4.0Vdc, C2/C20 

(pF) 
f=20 MHz 

Min Nom Max Typical 

MV1652 108 120 135 250 2.6 

MV1654 132 150 165 250 2.6 

MV1656 162 180 198 200 2.6 

MV1658 180 200 220 200 2.6 

MV1660 198 220 242 150 2.6 

C2/C 15 

MV1662 225 250 275 150 2.3 

MV1664 243 270 300 100 2.3 

MV1666 297 330 363 100 2.3 

MV1803 (SILICON) 
For Specifications, See 2N3l37 Data, Volume I. 
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MV1805C (SILICON) 

®)©~
cathode High - frequency step - recovery silicon power 

varactor for 100 MHz to 2.0 GHz harmonic - generation 
applications with output power up to 35 watts at 1.0 GHz. 

STYLE 1: 
PIN 1. CATHODE 

2. ANODE 

CASE 47 

MAXIMUM RATINGS ITA = 250 C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Forward CUrrent IF 

RF Power Input Pin 

Total Device Dissipation @ T A = 75°C PD 

Derate above 75°C 

Junction Temperature TJ 

storage Temperature Range Tstg 

Value 

80 

5.0 

50 

18 

0.14 

+200 

-65 to+2oo 

ELECTRICAL CHARACTERISTICS IT A = 2SoC unless otherwise noted) 

Characteristic Symbol Test Conditions Min Typ 

Reverse Breakdown Voltage BVR IR = 10/.lAdc 80 95 

Reverse Current IR VR= 70 Vdc - -
VR= 70 Vdc, T A = 150°C - -

Diode Capacitance CT VR = 6 Vdc, f = 1.0 MHz 20 25 

Figure of Merit Q VR = 6 Vdc, f = 50 MHz - 500 

Thermal Resistance 'JC - -
FUNCTIONAL TEST 

Test Setup Figure 4 
26 RF Power Output Pout -Pin = 40 Watts 

TripIer EUiciency 
fin = 250 MHz 

65 II -
fout = 750 MHz 

1413 

Unit 

Volts 

Amps 

Watts 

Watts 

W/oC 

°c 

°c 

Max Unit 

- Vdc 

2 /l-Adc 

100 

30 pF 

- -
7 °C!W 

- Watts 

- % 



MV 1805C (continued) 

100 
70 
so 

S 30 
i! 20 

~ 
is 10 

~ 7.0 
lI:: 5.0 

.J 3.0 

2.0 

1.0 

POWER OUTPUT vems OUTPUT FREQUENCY 

FIGURE 1 A - DOUBLING (X2) 

I 1._ 
_ PI,-45W 

- -r--r--

t-- Rb~. ~ 80k OHMS 
r--- to-

I I I 

I--

30W 

20W 

lOW 

5W 

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

100 
70 
so 

~ ~: 
~ 
§ 10 

~ 7.0 
lI:: 5.0 , 
.: 3.0 

2.0 

1.0 

,",. OUTPUT FREQUENCY (MHz) 

FIGURE lB - TRIPLING (X3) 

r- PI, 45W_ r--- I- 30W - 20W 

lOW 

.1 
r- 5W 

- tb~' ~tk DiS 

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

I., •• OUTPUT FREQUENCY (MHz) 

TABLE 1 - TYPICAL QUADRUPLING (X4) 

fl' ~ 275 MHz. f ... ~ 1100 MHz. R~. ~ lOOk OHMS 

INPUT POWER 
Watu 

5 
10 
20 
30 
40 
45 

INPUT POWER 
Watts 

5 
10 

OUTPUT POWER 
Watts 

2.6 
5.4 

10.6 
14.4 
19.0 
20.6 

TABLE 2 - TYPICAL ONE·STEP (X9) 

EFFICIENCY 
% 

52 
54 
53 
48 
47.5 
45.8 

fl' ~ so MHz. f ... ~ 4SO MHz. Rb~. ~ 5k OHMS 

OUTPUT POWER 
Watts 

1.4 
2.7 

EFFICIENCY 
% 

28 
27 
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FIGURE 2 - TRIPLER LINEARITY CHARACTERISTICS 
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27 
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FIGURE 3 - CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 4 - HARMONIC TRIPlER - 250 MHz to 750 MHz 

fl' ~ 250 MHz 
ZI, ~ 501l 
PI, ~ 40W 

UG-625/U LI 

1·30pF 

1·20pF 

L, 

1·30pF 

LI - 2 TURNS # 16 WIRE. "" DIA .• 'A" SPACING 0.8·10 pF 
L, -1 TURN #16 WIRE. 'A" DIA .• \.J' SPACING 
L, - COPPER STRAP. 0.20" WIDE. 14" LONG 
L. - COPPER STRAP. 0.20" WIDE. 14" LONG. 

SPACED 0.10' FROM L, 

f.,. ~ 750 MHz 
z. .. ~ SOil 

0.8·10 
pF 

UG-625/U 

0.8·10 pF 



MV1809Cl (SILICON) 

cathode ~ 

@) 
STYlE 1: 

Silicon high-frequency step-recovery power varac­
tors for 300 MHz to 3.0 GHz harmonic-generation ap­
plications with output power to 17 watts at 2.0 GHz. 

PIN 1. CATHODE 
2. ANODE 

CASE 47 

MAXIMUM RATINGS (Tc = 25·C unless otherwise noted) 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

RF Power Input P. m 

Total Device Dissipation@ TC = 75°C PD 

Derate above 75°C 

Operating and Storage Junction TJ , Tstg 
Temperature Range 

Value 

75 

5.0 

30 

14 

0.11 

-65 to +200 

FIGURE 1 - HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 

1.0 GHz COAX CAVITY 2.0 GHz COAX CAVITY 

Unit 

Vdc 

Adc 

Watts 

Watts 

mW/"C 

·C 

,- ~--HI-+--~2.0Gl" 
I l I lout = 50Q 

1.0 GHz 0--+---( 

lin = 50Q 
Pin = 25 W 

0.8 -
10 pF 

150 kQ 
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MV1809Cl (continued) 

ELECTRICAL CHARACTERISTICS (T. = 2S'C unles. otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR Vdc 
(IR s 10 ,.Adc) 75 - -

Reverse Current IR ""dc 
(VR • 70 Vdc) - - 2.0 

(VR = 70 Vdc, T A = 150'C) - - 100 

Diode Capacitance' (C J + CC) CT pF 

(VR • 6.0 Vdc, f =1. OMHz) -
10.8 - 13.2 

Case Capacitance Cc - 0.47 - pF 

Series Inductance LS - 2.2 - nR 

Series Resistance Rs Ohm 
(VR = 6.0 Vdc) - 0.35 0.5 

Thermal Resistance 8JC ·C/W 
- - 9.0 

FUNCTIONAL TESTS 

MV1809Cl 

Power Output Doubler Test Circuit (Figure 1) Pout 14.5 - - Watt 

Efficiency 
Pin' 25 W, fin = 1.0 GHz, 

~ 58 - - % fout = 2. 0 GHz 

FIGURE 2 - POWER OUTPUT versus POWER INPUT 

25 

Circuit Jetuned at Ealh Power LeV~1 
20 

c;::; 
I-

~ 
I- 15 => 
Q.. 
l-
=> 
0 
Q: .... 10 ~ 
Q.. 

i 
0 

Q.. 

5.0 

I 
I 

fin = 1.0 GHz 
fout = 2.0 GHz ./ 

V 
I'" 

./ 

V 
,,;' 

". 

/ 
V 

o o 5.0 10 15 20 25 30 

Pin, POWER INPUT (WAnS) 
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MV1858D ,MV1860D, MV1862D, (SILICON) 

MV1863D, MV1864D, MV1865D, 
MV1866D, MV1868D, MV1870D 

vvc --.I~ 

SILICON EPICAP DIODES 

... designed for electronic tuning and control applications in the UHF 
and lower microwave frequency ranges. where extremely high Q and 
broad tuning ratio are required. 

• Excellent Q Factor @ f = 100 MHz 
• Low Capacitance Values - as low as 1.0 pF 

• Wide Tuning Range - to 60 Volts 

• Complete Typical Design Curves 

• Microwave Ceramic Package 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Reverse Voltage VR 60 Volts 

Forward Current IF 250 mA 

Total Device Dissipation @ T C = 25°C Po 5.0 Watts 
Derate above 2SoC 28.6 mW/oC 

Operating and Storage Junction 
Temperature Range 

TJ. Tstg -65 to +200 °c 

THE FOLLOWING PACKAGES ARE AVAILABLE ON SPECIAL REQUEST 

8 e e··"M'§ thru 
B MV1870B 

MV1858A 
G I" tD STYLE 1 thru 

""'*la 'r'" 
MV1870A 

CATHOOE rBl 
"" D C 

,--
~~ I --r 1 

E 
MILLIMET AS INCH 

MIL~ INCHES DIM MIN MAX MIN MAX 
A 2970 3300 0111 0130 DIM MIN MIN MAX B 1960 2110 0077 0.1183 A 2970 0117 0130 

C 1.270 1.780 0050 0070 B 1950 0077 0087 

D 0940 1090 0.037 0043 C 5.210 0205 0225 
D 1520 0060 0066 

CASE 48 
E 1500 0059 0065 
F 1780 0070 0016 
G 1500 0059 0065 

CASE 46 

1417 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

1 to 15 pF 
60 VOLTS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 2.970 3.300 0117 0.130 
B 1.960 2.210 0.077 0087 
C 3.780 4.090 0.149 0.161 
D 1.520 1680 0.060 0.066 
E 1.500 1.650 0.059 0.065 
F 1780 1.930 0.070 0.076 

CASE 45 



MV18580, MV18600, MV18620, MV18630, MV18640, 
MV18650, MV18660, MV18680, MV18700 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 250C unless otherwise noted) 

Characteristic Symbol Min 

Reverse Breakdown Voltage BVR 
(lR = 10 "Adc) 60 

Reverse Voltage Leakage Current IR 
IVR = 55 Vdc) -
IVR = 55 Vdc, TA = 1500C) -

Series Inductance LS 
(f = selfwresonant frequency I -

Case Capacitance 11) Cc 
(I = 1.0 MHz) -

Typ Max Unit 

Vdc 
- -

"Adc 
- 0.02 
- 20 

nH 
0.8 -

0.15 
pF 

-

CT. Diode Capacitanca (2) CR. Capacitance Ratio Q. Figure of Merit 
Device VR = 4 Vdc, I - 1.0 MHz C4/C60 VR =4.0 Vdc 

pF f= 1.0 MHz f= 100 MHz 

Min Nom Max Min Max Min 

MVI85BD 0.70 1.0 1.30 2.1 2.7 350 
MV1860D 1.76 2.2 2.64 2.5 3.1 350 
MVI862D 2.97 3.3 3.63 2.6 3.3 300 
MV1863D 4.23 4.7 5.17 2.6 3.3 300 
MVI864D 6.10 6.8 7.50 2.7 3.4 300 

MV1865D 7.38 8.2 9.02 2.7 3.4 300 
MVI866D 9.00 10.0 11.00 2.8 3.5 250 
MV1868D 10.80 12.0 13.20 2.8 3.5 200 
MV1870D 13.50 15.0 16.50 2.8 3.5 200 

(1) Case Capacitance = 0.25 pF typical for types MV 1858A thru MV 1870A (case 48), 
(2) All CT values 0.11 pF higher for types MV1858A thru MV1870A (case 48). CR is reduced proportionately. 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 

LS is determined from the self resonant frequency and the 
junction capacity of the device. 

LS= __ I __ 
w 2res CJ 

2. CC. CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using a capaci~ 
tance bridge (Boonton Electronics Model 75A or equivalent,) 

3. CT, DIODE CAPACITANCE 

ICT= CC+ CJ}. CT is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent.) 

1418 

4. CR, CAPAC IT ANCE RATIO 

CR is the ratio of CT measured at 4.0 Vdc divided by CT 
measured at 60 Vdc. 

5. RS, SERIES RESISTANCE 

RS is calculated from the insertion loss observed when the diode 
is resonated across a 50-ohm transmission line. 

25 
RS=----~~~--~~-­

-1 ( Insertion LOSS) -1 

10910 20 



MV1858D, MV1860D, MV1862D, MV1863D, MV1864D, 
MV1865D, MV1866D, MV1868D, MV1870D (continued) 

FIGURE 1 - DIODE CAPACITANCE varsus REVERSE VOLTAGE 
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FIGURE 6 - DIODE REACTANCE varsus FREQUENCY 
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MV18580, MV18600, MV18620, MV18630, MV18640, 
MV18650, MV18660, MV18680, MV18700 (continued) 

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. L" RJ, 
and Ce can be neglected. The simplified equivalent circuit of 
Figure 8 represents the diode under these conditions. 

Definitions: 
CJ - Voltage-Variable Junction Capacitance 
R, - Series Resistance (semiconductor bulk, contact, 

and lead resistance) 
Ce - Case Capacitance 
L, - Series Inductance 
RJ - Voltage-Variable Junction Resistance (negligible 

above 100 kHz) 

B. EPICAP CAPACITANCE vs REVERSE BIAS VOLTAGE 
The most important design characteristic of an EPICAP 

diode is the CT versus V .. variation as shown in equations 1 and 
2. Since the desIgner is primarily interested in the slope of CT 
versus YR. the Ce. Co. CPr' and 'Y characteristics have been en· 
compassed by the simplified equation- 3. Min/max limits on 
a can be guaranteed over a specified V. range. 

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 R, and 
RJ. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low frequencies, C" = CJ; at very high frequencies 
(f = co) C., = Ce. 

As frequency is increased from 1 MHz, Co< increases until 
it is maximum at w' = 1/ L.CJ; and as w' is increased from 
1/ LsCJ toward infinity, C.q increases from a very negative ca­
pacitance (inductance) toward C., = Ce, a positive capacitance. 

Very simple calculations for Co< at higher frequencies indio 
cate the problems encountered when capacity measurements 
are made above 1 MHz. As w approaches w. = 1/ y'L,CJ, small 
variations in L. cause extreme variations in measured diode 
capacitance. 

D. EPICAP FIGURE OF MERIT (Q) AND CUTOFF FREQUENCY (feo) 
The effIciency of EPICAP response to an input frequency is 

related to the Figure of Merit of the device as defined In equa· 
tion 5. For very low frequencies, equation 6 applies whereas 
at high frequencies, where RJ can be neglected, equation 5 
may be rewritten into the familiar form of equation 7. 

Another useful parameter for EPICAP devices is the cutoff 
frequency (f,.) , and is the frequency point where Q is equal 
to 1. Equation 8 gives this relationship. 

E. HARMONIC GENERATION USING EPICAPS 
Efficient harmonic generation is possible with Motorola 

EPICAPS 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. 

FIGURE 1 

R, L, 

FIGURE 8 
C,)k R, 

O------~~*r-F-----~~~------~O 

CT = Ce + CJ 

CT = Ce + __ C_. __ 

(1 + ~)., 
<p 

(1) 

(2) 

C.= CJatV.=O V. = Reverse Bias 
<p = Contact Potential, <p = 0.6 Volt ~ = CJ slope, ~ = 0.5 

y . C . C jwCJ == Jw .q ==)tII c +1 _ ,.,2LsCJ 

Q=X,,, 
Rs.q 

QLf = "",CJRi 
RJ + R,(l + w'CJ'RJ') 

Q,,=_l_ 
WRSCeq 

1 
f<o = Qf •• , = 2 .. R,C", 

P .:. M(BV. + <p)' f .. 
,n[,,\,,·I- Rs 1: 

M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196 

Eff = 1- N fo>. 
f .. 

N(x2) = 20.8; N(x3) = 34-.8; N(x4) = 62.5 

M and N are Constants 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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MV1866, MV1868, MV1870, (SILICON) 

MV1871, MV1872, MV1874, 
MV1876, MV1877, MV1878 

vvc -.!~ 

SILICON EPICAP DIODES 

· .. a PREMIUM line of epitaxial, passivated, abrupt·junction tuning 
diodes designed for electronic tuning, FM AFC and harmonic gen­
eration applications into the microwave range providing solid-state 
reliability to replace mechanical tuning methods. 

• Excellent Unit-to-Unit Uniformity 

• Typical Design Curves 

• Guaranteed Temperature Coefficient 

• Guaranteed Q at Specified Reverse Voltages 

• Guaranteed Capacitance Slope versus Reverse Voltage 

• Guaranteed MinIMax Slope of Capacitance versus Reverse 
Voltage Curve (a) 

• Complete Design Curves 

MAXIMUM RATINGS 

Rlting Symbol Valu. 

Reverse Voltage VR 60 

Forward Current IF 250 

R F Power I nput I Note 1) Pin 5.0 

Total Device Dissipation@TA = 250 C Po 400 
Derate above 25°C 2.67 

Total Device Dissipation @TL "" 25°C PL 2.0 
Derate above 25°C 13.3 

Operating Junction Temperature Range TJ +175 

Storage Temperature Range Tstg -65 to +200 

Unit 

Vdc 

mAde 

Watts 

mW 
mWf'C 

Watts 
mWf'C 

DC 

DC 

Note 1. The RF power input rating assumes that an adequate heat sink Is provided. 
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VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

DIM 

A 
B 
0 
F 
K 

10-47 pF 
60 VOLTS 

"I i B 
@l 

D_~ 
K 

CATHODE _I rFj 
BAND b:!:. 

r+.~ 
K 

L 
MILLIMETERS INCHES 
MIN MAX MIN MAX 

5.84 7.62 0.230 0.300 
2.16 2.72 0.085 0.107 
0.46 0.56 0.018 0.022 

1.27 0.050 
25.40 1.000 

All JEDEC dimensions and notes apply 

CASE 51-02 
00-7 



MV1866, MV1868, MV1870, MV1871, MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic - All Types Symbol Min Typ Max Unit 

Breakdown Voltage BVR 60 75 - Vde 

OR = 10/LAde) 

Reverse Current IR /LAde 

(VR = 55 Vde) - - 0.02 

(VR = 55 Vde, T A = 150"C) - - 2.0 

Series Inductance LS 5.0 nH 

(1= 250 MHz, Measured at LeadStop",,1/16") 

Case Capacitance ee - 0.17 - pF 

(1= 1.0MHz, Lead Length",,1/16") 

Diode Capacitance Temperature Coefficient Tee - 200 300 ppm/"C 

(VR = 4.0 Vde, I = 1.0 MHz) 

Cutoff Frequency leo - 45 - GHz 

(VR = 60 Vde, I = 50 MHz) 

a. Diode Capacitance 
CT, Diode Capacitance Q, Figure of Merit Reverse Voltage Slope CR, Capacitance Ratio 

Device VR =4.0Vdc.f= 1.0MHz f = 50 MHz VR =4.0Vdcto VR =60Vdc C4.0/C60 

pF VR =4.0Vdc VR-60Vdc See B on Back Page 1=1.0 MHz 

Min Nom Max Min Min Min Typ Max Min Typ Max 

MV1866 9.0 10.0 11.0 500 700 0.42 0.44 0.48 3.0 3.1 3.5 
MV1868 10.8 12.0 13.2 500 700 0.42 0.44 0.48 3.0 3.1 3.5 
MV1870 13.5 15.0 16.5 400 700 0.42 0.45 0.48 3.0 3.2 3.5 
MV1871 16.2 18.0 19.8 400 700 0.42 0.45 0.48 3.0 3.2 3.5 
MVI872 19.8 22.0 24.2 400 700 0.45 0.46 0.48 3.2 3.3 3.5 
MV1874 24.3 27.0 29.7 300 700 0.45 0.46 0.48 3.2 3.3 3.5 
MV1876 29.7 33.0 36.3 300 700 0.45 0.47 0.48 3.2 3.4 3.6 
MVI877 36.7 39.0 42.9 300 700 0.45 0.47 0.48 3.2 3.4 3.6 
MV1878 42.3 47.0 51.7 300 700 0.45 0.47 0.48 3.2 3.4 3.6 

PARAMETER TEST METHODS 

1. LS. Series Inductance 
Ls IS measured on a shorted package at 250 
MHz using an Impedance brtdge (Boonton 

RadiO Model 25QA AX Meter orequivalent) 

2. CC. Ca .. Capacitance 
Cc IS measured on an open package at 1.0 
MHz using a capacItance bndge (Boonton 

ElectronIcs Model 75A or eqUivalent). 

3. CT. Diode Capacitance 
(CT "" Cc + CJL CT IS measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec· 

tronlCs Model 75A or equivalent). 

4. CR. Capacitance Ratio 
CR is the ratio of CT measured at 4.0 Vdc 

divided by CT measured at 60 Vdc. 

5. Q, Figure of Merit 

Q is calculated by taking the G and C read· 

ings of an admittance bridge at the specifIed 

1422 

frequency and substituting in the followmg 

equations: 

2TrfC 
Qo-­

G 

(Boonton Electronics Model 33AS8 

or equivalent). 

6. TCc' Diode Capacitance Temperature 
Coefficient 
TCc IS guaranteed by companng CT at V A = 
4.0 Vdc, f = 1.0 MHz, T A = -6SoC with CT 
at VA = 4.0 Vdc, f = 1.0 MHz, TA = +8So C 

in the follOWIng equation, which defInes TCe : 

jCT(+850 C) - CT(-650 Clj '06 
Tec = ---

85 + 65 CT(250C) 

Accuracy limited by CT measurement to 

iO 1 pF. 



MV1866, MV1868, MV1870, MV1871, MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 
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MV1866, MV1868, MV1870, MV1871,MV1872, 
MV1874, MV1876, MV1877, MV1878 (continued) 

EPICAP VOL TAGE·VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network Presentation 
The equivalent circuit in Figure 7 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design purposes at 
all but very high and very low frequencies. LS. AJ. and Cc can be 
neglected. The simplified equivalent circuit of Figure 8 represents 
the diode under these conditions. 

Definitions: 
CJ - Voltage· Variable Junction Capacitance 

RS - Series Resistance (semiconductor bulk, contact, and 

FIGURE 7 

FIGURE 8 lead resistance) 

Cc - Case Capacitance 

LS - Series Inductance 
RJ - Voltage-Variable Junction Resistance (negligible above 

100 kHzl 

C~k' RS 
O~------~/?~r-~------~~~·--------O 

B. Epicap Capacitance v .... u. Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the CT versus VR variation as shown in equations 1 and 2. Capaci­
tance Ratio. CR, between any two voltage points on curve of equation 
(2) is determined from· equations (3) and (4). 

C. Epicap Capacitance versus Frequency 
Variations in EPI CAP effective capacitance, as a function of oper­

ating frequency, can be derived from a simplified equfvalent circuit 
similar to that of Figure 7. but neglecting AS and AJ. Theadmittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies. Ceq = CJ; at very high frequencies (f = 00) 

Ceq = CC. 
As frequency is increased from 1.0 MHz, Ceq increases until it is 

maximum at w 2 = 1/LSCJ; and as w2 is increased from 1/LSCJ 
toward infinity, Ceq increases from a very negative capacitance 
(inductance) toward Ceq = CC. a positive capacitance. 

Very simple calculations for Ceq at higher frequencies indicate 
the problems encountered when capacity measurements are made 
above 1.0 MHz. As w approaches Wo = I/.JiscJ. small variations 
in LS cause extreme variations in measured diode capacitance. 

D. EPICAP Figure of Merit (0) and Cutoff Frequency (feo) 

The efficiency of EPICAP response to an input frequency is re· 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies. aquation 7 applies whereas at high fre­
Quencies, where RJ can be neglected, equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre· 
quency (fcoL and is the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 

E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with Motorola EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage. harmonic generator performance can 
be accurately predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAPand equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations, adequate heat sinking has been assumed. 
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TA Diode = Cn CJl + Cc 

CT2 CJ2+ Cc 

Co = CJ at VA = ° 
VA = Aeverse Bias (Volts) 
'Y. Diode Power Law. "" 0.44 
4>. Contact Potential. "" 0.6 Volt 
Cc ",,0.17 pF 

jwCJ 
Y = jwCeq = jwCc + ---=--

1 -w2LSCJ 

XSeq 
0=-­

ASeq 

wCJA J2 
aLf = -------

AJ + AS(1 + w 2CPAP 
1 

ahf=---
wASCeq 

fco = afmax 

M(BVA + 4»2 fin 
Pin(max) = 

AS fco 

M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196 

fout 
Eff= 1-N -

fco 

N(x2) = 20.8;N(x3) = 34.8;N(x4) = 62.5 

M and N are Constants 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(Ill 



MV2101 (SILICON) 

thru 

MV2115 

vvc --.!r-

SILICON EPICAP DIODES 

· .. designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC. general frequency 
control and tuning applications; providing solid·state reliability in 
replacement of mechanical tuning methods. 

• High Q with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance-10% 

• Complete Typical Design Curves 

MAXIMUM RATINGS 

Rating Symbol Valuo Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 rnA 

Device Dissipation @ T A = 25°C Po 280 mW 
Derate above 2SoC 2.8 mW/oC 

Junction Temperature TJ +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

1425 

VOL TAGE·VARIABLE 
CAPACITANCE DIODES 

6.8-100 pF 
30 VOLTS 

~
A 

SEATING Tmr- H 
PLANE 

K 

AA J 
D-nl.;---
JJ L ~o 

!sECT A·A STYLE 1 
PIN 1. ANOOE 

2. CATHOOE 

DIM 

A 
0 
J 
K 

~ 
\WI 

MILLIMETERS 
MIN MAX 

4.45 4.10 
0.41 0.48 
2.29 2.79 

12.70 -

INCHES 
MIN MAX 

0.175 0.185 
0.016 0.019 
0.090 0.110 
0.500 -

CASE 182'()3 



MV2101 thru MV2115 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic-All Types Symbol Min Typ Max Unit 

Reverse Broakdown Voltage BVR 30 - - Vdc 
(lR ~ 10,.Adc) 

Reverse Voltage Leakage Current IR - - 0.10 "Ade 
(VR ~ 25 Vdc, TA ~ 25°C) 

Series Inductance Ls - 6.0 nH 
(f ~ 250 MHz,Lead Length "" 1116") 

Case Capacitance Cc - 0.18 - pF 
(f· 1.0 MHz, Lead Length"" 1116") 

Diode Capacitance Temperature Coefficient TCC - 280 400 ppml"C 
(VR = 4.0 Vdc, f = 1.0 MHz) 

CT. Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 
VR ~ 4.0 Vdc, f ~ 1.0 MHz VR· 4.0 Vdc, C2/C30 

pF f = 50MHz f= 1.0MHz 

Device Min Nom Max Min Min Typ Max 

MV2101 6.1 6.8 7.5 450 2.5 2.7 3.2 
MV2102 7.4 8.2 9.0 450 2.5 2.8 3.2 
MV2103 9.0 10.0 11.0 400 2.5 2.9 3.2 
MV2104 10.8 12.0 13.2 400 2.5 2.9 3.2 
MV2105 13.5 15.0 16.5 400 2.5 2.9 3.2 

MV2106 16.2 18.0 19.8 350 2.5 2.9 3.2 
MV2107 19.8 22.0 24.2 350 2.5 2.9 3.2 
MV2108 24.3 27.0 29.7 300 2.5 3.0 3.2 
MV2109 29.7 33.0 36.3 200 2.5 3.0 3.2 
MV2110 35.1 39.0 42.9 150 2.5 3.0 3.2 

MV2111 42.3 47.0 51.7 150 2.5 3.0 3.2 
MV2112 50.4 56.0 61.6 150 2.6 3.0 3.3 
MV2113 61.2 68.0 74.8 150 2.6 3.0 3.3 
MV2114 73.8 82.0 90.2 100 2.6 3.0 3.3 
MV2115 90.0 100.0 110.0 100 2.6 3.0 3.3 

PARAMETER TEST METHODS 

1. LS, SERIES INDUCTANCE 
Ls is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 260A RX Meter). 

2. Ce, CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. CT, DIODE CAPACITANCE 

(CT = Cc + .CJ). CT is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 76A or equivalent). 

4. TR, TUNING RATIO 

TR is the ratio of ~ measured at 2.0 Vdc divided by ~ measured 
at 30 Vdc. 

5. Q, FIGURE OF MERIT 

a is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 

2wfC 
Q=­

G 

(Boonton Electronics Model 33AS8). Usa Lead Length ",,1/16". 

6. TCC, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCC is guaranteed by comparing CT at VR = 4.0 Vdc, f = 1.0 
MHz, T A = -650C with CT at VR = 4.0 Vdc, f ~ 1.0 MHz, T A • 
+8SoC in the following equation which defines Tee: 

CT(+850C) - CTI-650C) 106 
TCC = 85 + 65 . CR(250C) 

Accuracy limited by measurement of Or to ± 0.1 pF. 

1426 



MV2101 thru MV2115 (continued) 

TYPICAL DEVICE PERFORMANCE 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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MV2101 thru MV2115 (continued) 

EPICAP VOL TAGE·VARIABlE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network Presentation 
The equivalent circuit in Figure 6 shows the voltage capacitance 

and parasitic elements of an EPICAP diode. For design purposes at 
atl but very high and very low frequencies. Lg. RJ. and Cc can be 
neglected. The simplified equivalent circuit of Figure 7 rep~nts 
the diode under these conditions. 

Definitions: 
CJ - Voltage·Variable Junction Capacitance 

RS - Series Resistance (semiconductor bulk, contact, and 

fiGURE 6 

fiGURE 7 lead resistance) 
Cc - case Capacitance 
LS - Series Inductance 

RJ - Voltage-Variable Junction Resistance (negligible above 
100kHz) 

C:...lk"" RS 
OO~--------/?;fr-~------~~~-------O 

B. Epicap Capacitance versus Reve ... Bias Voltage 
The most important design characteristic of an EPICAP diode is 

the Or versus VR variation as shown in equations 1 and 2. Tuning 
Retio, TR. between any two voltage points on curve of equation (2) 
isdotarmined from equations (3) and (4). 

Co 
CT=CC+----

(1 +'!fJ 
C. Epicap Capacitance versus frequency 

CJI (VR2+4»'r 
TR Junction = - = ---

Variations in EPICAP effective capacitance. as a function of oper­
atiAg frequency. can be derived from a simplified equivalent circuit 
simn.r to that ot FigureS, but neglecting RS and RJ. Theaciminance 
expression for such 8 circuit is given in equation 5. Examination of 
equation 5 yields the follOWing information: 

At low frequencies. Ceq""CJ; at very high froquencles If"'" CO) 

Ceq "" CC· 
As frequency is increased from 1.0 MHz. Ceq incre ... until it is 

maximum at ",2 = lILSCJ; and os ",2 is increased from lILgCJ 
toward infinity. Ceq increases from a very negative capacitance 
(inductance) toward Ceq = CC. a positive capacitance. 

Very simple calculations for Ceq at higher frequencies Indicate 
the problems encountered when capacity measurements are made 
abova 1.0 MHz. A. w approaches Wo • II./LScJ. small variations 
in Ls cause extreme variations in measured diode capacitance. 

D. EPICAP FiII"e of Merit IQ) and CutoH Frequency Ifeo) 

The efficiency of EPICAP response to an input frequency is re· 
lated to the Figure of Merit of the device as defined in equation 6. 
For very low frequencies. equation 7 applies whereas at high fre­
quencies, where RJ can be neglected. equation 6 may be rewritten 
into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre­
quency (feo). and is· the frequency point where Q is equal to 1. 
Equation 9 gives this relationship. 

E. Harmonic G ..... tion Using EPICAPS 

Efficient harmonic generation is possible with EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the square 
root of the breakdown voltage. harmonic generator performance can 
be accurately predicted from various idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships governing EPICAP circuit efficiency. In 
these equations. adequate heat sinking has been assumed. 
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CJ2 VRl +4> 

Cn CJI + Cc 
TR Diode"" - = ---

CT2 CJ2+ Cc 

Conditions: 

Co = CJ.t VR = ° 
VR = Reverse BI.s IVolts) 
'Y. Diode Power Law. "" 0.44 
4>. Contact Potanti.,. "" 0.6 Volt 
Cc",,0.18 pf 

jwCJ 
Y • jwCeq = jwCc + ---'--

I -w2 LgCJ 

Q= ><seq 
RSeq 

wCJRP 0Lf = -,-__ "-..C'--__ 

RJ + RSII + w2CPRJ2 
I 

Ot.f = w-R-S-Ceq-

1 
fco = Qfmeas '" 2"RSCBVR 

MIBVR + 4»2 fin 

Pinlmax) = RS fco 

Mlx2) = 0.0285;Mlx3) = 0.0241;Mlx4) = 0.196 

fout 
Eff=I-N-

fco 

Nlx2) = 20.8; Nlx3) = 34.8; Nlx4) = 62.5 

M and N are Constants 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

110) 

(111 



MV2201, MV2203 (SILICON) 

MV2205, MV2209 

VVC -.II-

AFC SILICON EPICAP DIODES 

· .. designed specifically for the high volume AFC applications of 
FM Radio and TV, utilizing the economical PLASTIC PACKAGE. 

• Very High Q with Guaranteed Minimum Values 

• Guaranteed Uniformity with Minimum and Maximum Tuning 
Ratio Limits, Assuring Fixed Design 

• Nominal Capacitance Values - 6.8 pF Thru 33 pF - Providing 
Complete AFC Design Flexibility 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 25 

Forward Current IF 200 

Device Dissipation @ T A - 2SoC Po 280 
Derate above 2SoC 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tst; -65 to +150 

FIGURE 1 - DIODE CAPACITANCE ....... REVERSE VOLTAGE 
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Q 
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~65 
-MV22 ::.-

~ :;-r-
10 

5.0 

3.0 _TA'250C 
"1.0 MHz 

1.0 
0.1 0.2 
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Unit 

Volts 

rnA 

mW 
mW/oC 

°c 
°c 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-33 pF 
25 VOLTS 

MB A 

SEATING p~rFl~ 
PLANET - L 

F-
__ ~K 

A I 
[' 

C 
!SECT A·A 

r---t-R C 

STYLE 1: ~ PIN 1. ANODE ,0-' "', N 
2. CATHODE 

N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 4.32 5.33 0.170 0.210 
B 4.45 5.21 0.175 0.205 
e 3.18 4.19 0.125 0.165 
D 0.356 0.533 0.014 0.021 
F 0.407 0.482 0.01. .D19 
G 1.27 BSC 0.050 BSC 
H 1.27 0.050 
J 2.54 BSC 0.1008Se 
K 12.70 u.5uu 
L 6.35 0.250 
N 2.03 2.66 O.OBO I U. 05 
p .93 o. 15 
R 3.43 0.135 

CASE 182-02 



MV2201, MV2203, MV2205, MV2209 (continued) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Ch.racteristic-AII Types Symbol 

Reve ... Breakdown Voltage BVR 
(lR = 10 "Adcl 

Revarse Voltage Leakage CUrrent IR 
(VR = 10 Vdc, T A = 250 CI 
(VR = 10 Vdc, TA = 850 CI 

Forward Voltage Drop .... VF 
(IF = 250 "Adcl 

Series Inductance LS 
(f = 250 MHz, lead length",,1/16"1 

Case Capacitance Cc 
(f = 1.0 MHz lead lenath ",1116"1 

CT, Diode C ..... itance 
VR • 4.0 Vdc, f· 1.0 MHz 

pF 

Device Min Max 

MV2201 5.5 8.0 
MV2203 8.5 11.5 
MV2205 13 17 
MV2209 29 37 

FIGURE 2 - FIGURE OF MERIT .ersus REVERSE VOLTAGE 
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Q, F!gure of Marit TR, Tuning Ratio 
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150 2.1 2.5 

FIGURE 3 - FIGURE OF MERIT .ersus FREQUENCY 
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NOTES ON TESTING AND SPECIFICATIONS 

LS is measured on a package having a short instead of a die, using an 
impedance bridge {Boonton Radio Model 250A RX Meterl. 

Cc is measured on a package without a die. using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

Q is calculated bV taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 
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MV2301 (SILICON) 
thru 

MV2308 

VVC --.II-

SILICON EPICAP DIODES 

... epitaxial passivated tuning diodes designed for general tuning. 
trimming and AFC applications at low radio frequencies. 

• Standard Capacitance Values to 330 pF 

• Maximum Working Voltage of 20 V 

• Excellent Q Factor at High Frequencies 

• Guaranteed Minimum Q and Tuning Ratio 

• Solid·State Reliability to Replace Mechanical Tuning Methods 

• Low·Cost·Plastic Package for Economical Design 

MAXIMUM RATINGS 

Rating Symbol Val •• Unit 

Reverse Voltage VR 20 Vde 

Forward Current IF 400 mAde 

Total Device Dissipation@TA = 25°C Po 500 mW 
Derate above 25°C 5.0 mWI"C 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -65 to +150 °c 

1431 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

120-330 pF 
20 VOLTS 

r--t-~A 
SEATING Pt-tT ' H 

PLANET -
F L 

_ ---.l K 

A I 
D-::!i1iG ~ 

..:IJI--= (> 

r-t- R IsECd" A A 

STYLE 1 ~ PIN 1 ANODE 0 ,..,--

2 CATHODE " N 

N 

MILLIMETERS INCHES 
DIM MIN MAX MIN M 

A 4.32 5.33 0.170 0.210 
B 4.45 5.21 0.175 0.205 
C 3.18 4.19 0.125 1.165 
D 0.356 0.533 0.014 0.021 
F 0.407 0.482 0.016 11119 
G 1.27 Ssc o.u~ , .. "-
H - 1.27 - .0 
J 2.' SSC 0.100 SSC 

-+ ! 
- -

-i.- - 0.2 -
-:- 2. 6 0.0 .1 

- -
R 3.43 - 0.135 -

CASE 182·02 



MV2301 thru MV2308 (continued) 

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

Characteristic Symbol 

Reverse Breakdown Voltage BVR 
(lR = 10/lAdc) 

Reverse Current IR 
(VR = 15Vdc) 

Series Inductance LS 

Case Capacitance Cc 

CT. Diode Capacitance 

Device VR = 4.0 Vdc, I = 1.0 MHz 

Min Nom Max 

MV2301 108 120 135 

MV2302 132 150 165 

MV2303 162 180 198 

MV2304 180 200 220 

MV2305 198 220 242 

MV2306 225 250 275 

MV2307 243 270 300 

MV2308 297 330 363 

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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Min Typ Max Unit 

20 - -. Vdc 

- - 0.1 /lAdc 

- 6.0 - nH 

- 0.18 - pF 

a, Figure of Merit Capacitance Ratio 
VR =4.0Vdc, C2/C20 
1- 20 MHz 
Minimum Minimum 

250 2.3 

250 2.3 

200 2.3 

200 2.3 

150 2.3 

150 2.3 

100 2.3 

100 2.3 

PARAMETER TEST METHODS 
1. LS,SERIESINDUCTANCE: 

Determined from the self resonant frequency (wo ) and 
the junction capacity of the device, CJ. 

2. CT, DIODE CAPACITANCE: 
Measured at 1.0 MHz using a capacitance bridge (Boonton 
Electronics Model 75A or equivalent). (CT = Cc + CJI. 

3. CAPACITANCE RATIO: 
The ratio of CT measured at 2.0 Vdc divided by CT meas· 
ured at 20 Vdc. 

4. Q, FIGURE OF MERIT: 
Calculated by taking the G and C readings 01 an admit­
tance bridge at the specified frequency and sUbstituting 
in the following equations: 

2wIC 
Q=­

G 

(Boonton Electronics Model 33AS9 with range extender 
or equivalent). 



MV31 02 (SILICON) 

MV31 03 

VVC~r--

SILICON EPICAP DIODES 

· .. designed in the new low·inductance Mini·L package for high 
volume requirements in VHF TV tuning, AFC, general frequency 
control and tuning applications; providing solid·state reliability in 
replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Low Inductance Mini·L Package 

• Guaranteed Matching' Tolerance From Diode to Diode and Group 
to Group 

·Upon request, diodes are available in matched set50f any number or in matched 
groups. All diodes in a set or group can be matched for capacitance along the 
entire specified tuning range, 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Device Dissipation @ T A = 2SoC Po 400 mW 
Der:ate above 2SoC 4.0 mW/oC 

Junction Temperature TJ +125 °c 
Storage Temperature Range Tstg -65 to +150 °c 

FIGURE 1 - DIODE CAPACITANCE 
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VOLTAGE VARIABLE 
CAPACITANCE DIODES 

22 pF (Nominal) 
30 VOLTS 

PIN I. CATHOOE 
J 2 ANODE 

I ir I 

Tt==qj:r'l 
MI LLlMETERS INCHES 

DIM MIN MAX MIN MAX 

A 3.86 4.11 0.152 0.162 
B 2.92 3.18 0.115 0.125 
C 1.91 2.16 0.015 0.085 
D 0.64 0.B9 0.025 0.035 
F 0.08 0.18 0.003 0.001 
H 1.30 1.55 0.051 0.061 
J 0.64 0.89 0.025 0.035 
K 4.06 4.32 0.160 0.110 
L 2.36 2.62 0.093 0.103 
N 1.12 1.31 0.044 0.054 
R 0.19 1.04 0.031 0.041 
S 1.99 12.15 0.412 0.502 
T 1.14 1.40 0.045 0.055 
U 0.43 0.69 0.011 0.021 

CASE 226 



MV3102, MV3103 (continued) 

ELECTRICAL CHARACTERISTICS (T A ~ 250 C unless otherwise noted) 

Characteristic-All TVpes 

Reverse Breakdown Voltage 
(lA = 10jlAdc) 

Reverse Voltage Leakage Current 

(VA = 25 Vdc. TA = 250 C) 

Series I nductanc~ 
(f = 250 MHz. Measured at Load Stop""l/S") 

Case Capacitance 
(f = 1.0 MHz) 

Diode Capacitance Temperature Coefficient 

(VA = 3.0 Vdc. f = 1.0 MHz) 

CT, Diode Capacitance 
VR=3.0Vdc.f-l.0MHz 

pF 

Device Min Nom Max 

MV3102 20 22 25 
MV3103 19 - 26 

FIGUAE 2 - FIGURE OF MERIT 

0 
r-- TA - 250 C 

V V I-50 MHz 
0 

0 

.... 
~ 

0 / 
MV3102 

3. 

~ 2. 0 
/ / o 

w 
'" => 
'" u: 

1. 

d O. 

0 

5 

31/ o. 
O. 2 

/' ./ MV3103 

1/ 

Svmbol Min TVp Max Unit 

BVA 30 - - Vdc 

IA - - 0.1 jlAdc 

LS - 3.0 - nH 

Cc - 0.1 - pF 

TCC - 300 400 ppm/oC 

Q. Figure of Merit CR. Capacitance Ratio 
VA = 3.0 Vdc C3fC25 Package 

f-50MHz f=1.0MHz Stripe 

Min Min TVp Color 

300 4.5 4.S Green 
200 4.0 - White 

FIGURE 3 - LEAKAGE CURRENT 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS IS measured on a package having a short instead of a die, using an 

impedance bridge (Boonton Aadio Model 250A AX Meted. 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. a is calculated by taking the G and C readings of an admittance 
bridge. such as Boonton Electronics Model 33ASS. at the specified 
frequency and substituting in the following equation: 

2"fC 
Q=­

G 
0.96 

-75 -50 -25 +25 +50 +75 +100 +125 4. CR is the ratio of CT meesured at 3.0 Vdc divided by CT measured 
et 25 Vdc. 

TA. AMBIENTTEMPERATURE (OC) 
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MV3140 (SILICON) 

MV3141 
MV3142 

VVC~r-

SILICON EPICAP DIODES 

· .. designed in the new low·inductance mini·L package for high 
volume requirements of UHF and VHF TV tuning and AFC, general 
frequency control and tuning applications; providing solid·state reli· 
ability in replacement of mechanical tuning methods. 

• Guaranteed Minimum Q Values at VHF and UHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Guaranteed Matching' Tolerance From Diode to Diode and Group 
to Group 

• Upon request, diodes are available in matched sets of any number or in matched 
groups. All diodes in 8 set or group can be matched for capacitance to ±'1.5% 
or 0.1 pF (whichever is greater) at all points along the specified tuning range. 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current IF 200 

Device Dissipation @ T A = 2SoC Po 400 
Derate above 25°C 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE 
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Unit 

Volts 

mA 

mW 
mW/oC 

°c 

°c 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

30 VOLTS 

L~~q IF~L t 
L B 

S 

MILLIMETERS INCHES 
OIM MIN MAX MIN MAX 

A 3.86 4.11 0.152 0.162 
8 2.92 3.18 0.115 0.125 
C 1.91 2.16 0.075 0.085 
0 0.64 0.89 0.025 0.035 
F 0.08 0.18 0.003 0.007 
H 1.30 1.55 0.051 0.061 
J 0.64 0.89 0.025 0.035 
K 4.06 4.32 0.160 0.170 
L 2.36 2.62 0.093 0.103 
N 1.12 1.37 0.044 0.054 
R 0.79 1.04 0.031 0.041 
S 1.99 12.75 0.472 0.502 
T 1.14 1.40 0.045 0.055 
U 0.43 0.69 0.017 0.027 

CASE 226 



MV3140, MV3141, MV3142 (continued) 

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted) 

Characteristic-All Types Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vde 
I1R= lO !lAde) 

Reverse Voltage Leakage Current IR - - 0.1 !lAde 
IVR = 25 Vde, TA = 25°C) 

Series Inductance LS - 3.0 - nH 
If = 250 MHz, Measured at Lead Stop",1/8") 

Case Capacitance Cc - 0.1 - pF 
If= 1.0 MHz) 

Diode Capacitance Temperature Coefficient TCC - 300 400 ppm/oC 
IVR = 3.0 Vde, f = 1.0 MHz) 

CT. Diode Capacitance Q, Figure of Merit CR, Capacitance Ratio 
VR =3.0Vdc VR = 25 V VR = 3.0 Vdc C3/C25 Package 

pF f = 100 MHz f=1.0MHz Stripe 

Device Typ Max Min Min Color 

MV3140 10.5 2.3 150 4.5 Blue 
MV3141 10.5 3.2 150 4.0 White 
MV3142 10.5 3.2 50 3.5 Orange 

TYPICAL MV3140 ELECTRICAL CHARACTERISTICS 
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NOTES ON TESTING AND SPECIFICATIONS 

1. LS is measured on a package having a short instead of a die, using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 

2"fC 
Q=­

G 

4. CR is the ratio of CT measured at 3.0 Vde divided by CT measured 
at 25 Vdc. 
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MV3501 (SILICON) 
thru 

MV3507 

vvc-+H-

SILICON EPICAP DIODES 

... designed in the new low-inductance Mini-L package for high· 
volume, low·cost frequency control and tuning applications; providing 
solid state reliability in replacement of mechanical tuning methods. 

• High Q With Guaranteed Minimum Values@ 100 MHz 

• Capacitance Values - 6.B to 22 pF 

• Ideal for RF and Microwave Applications 

• Controlled and Uniform Capacitance Change 

MAXIMUM RATINGS 

Rating Symbol VaI~. 

Reverse Voltage VR 30 

Forward Current IF 200 

Device Dissipation @ T A - 25°C Po 400 

Derate above 25°C 4.0 

Junction Temperature TJ +125 

Storage Temperature Range Tstg -65 to +150 

FIGURE 1 - DIODE CAPACITANCE 
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Unit 

Volts 

rnA 

rnW 
mW/oC 

°c 
°c 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

6.8-22 pF 
30 VOLTS 

PIN I CATHODE 

t iJr 2.ANOOE 

Tt C LJi~, 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 

A 3.86 4.11 0.152 0.162 
B 2.92 3.18 0.115 0.125 
C 1.91 2.16 0.015 0.085 
D 0.64 0.89 0.025 0.035 
F 0.08 0.18 0.003 0.001 
H 1.30 1.55 0.051 0.061 
J 0.64 0.89 0.025 0.035 
K 4.06 4.32 0.160 0.110 
L 2.36 2.62 0.093 0.103 
N 1.12 1.31 0.044 0.054 
R 0.79 1.04 0.031 0.041 
S 1.99 12.75 0.472 0.502 
T 1.14 1.40 0.045 0.055 
U 0.43 0.69 0.011 0.027 

CASE 22& 



MV3501 thru MV3507 (continued) 

ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise noted) 

Characteristic-All Typ .. Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vdc 
(fR = 10 "Adc) 

Reverse Voltage Leakage Current IR "Ade 
(VR = 25 Vdc) - - 0.1 

(VR = 25 Vde, T A = 850 C) - - 5.0 

Series Inductance LS - 3.0 - nH 
(I = 250 MHz, measured at lead stop ""'/8") 

Case Capacitance Cc - 0.1 - pF 
(1= 1.0 MHz) 

CT, Diode Capacitance Q, Figura 01 Marit CR, Capacitance Ratio 
VR = 4.0 Vdc, f = 1.0 MHz VR =4.0Vdc, C2/C30 Package 

pF f= 100 MHz f=I.0MHz Stripe 

Device Min Nom Max Min Min Color 

MV3501 6.1 6.8 7.5 225 2.7 Brown 
MV3502 7.4 8.2 9.0 225 2.8 Red 
MV3503 9.0 10 11 200 2.8 Orange 
MV3504 10.8 12 13.2 200 2.8 Yellow 
MV3505 '13.5 15 16.5 200 2.9 Green 
MV3506 16.2 18 19.8 175 2.9 Blue 
MV3507 19.8 22 24.2 175 2.9 Violet 

TYPICAL ELECTRICAL CHARACTERISTICS 
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NOTES ON TESTING AND SPECIFICATIONS 

1. Ls is measured on a peckage having a short instead of a die, using an 
impedance bridge (Boonton Redia Model 250A RX Meter). 

2. Cc is measured on a package without a die, using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33ASB, at the specified 
frequency and substituting in the following equation: 

21!fC 
Q=G 

4. CR is the ratio 01 CT measured at 2.0 Vdc divided by CT measured 
at 30 Vdc. 

1438 

-



MVAM·l (SILICON) 

vvc ---.!~ 

SILICON TUNING DIODE 

· .. designed for electronic tuning of AM receivers, general frequency 
control or systems requiring two or three tightly matched voltage 
variable capacitance diodes. Supplied in a rugged four· pin dual in· 
line plastic package for the economical requirements of consumer 
and industrial applications. 

• High Capacitance Ratio -
CR = 15 (Min) @VR = 1.0 Vdc to 25 Vdc 

• Guaranteed Diode Capacitance -
Ct = 400 pF (Min) -- 560 pF (Max) @ VR = 1.0 Vdc, f = 1.0 MHz 

• Ion Implanted Monolithic Triplet for Guaranteed 
±1 11,% Matching Over Entire C-V Curve 

• Guaranteed Figure of Merit -
Q = 150 (Min) - 575 (Typ) @ VR = 1.0 Vdc, f = 1.0 MHz 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 28 

Forward Current IF 50 

Power DissIpation @ T A=< 2SoC PD 350 
Derate above 2SoC 3.5 

Operating and Storage JunctIon TJ.Tstg -65 to +125 
Temperature Range 

FIGURE 1 - TYPICAL AM RADIO APPLICATION 

Note: For optimum performance use 01 in 
the AF stage, 02 in the oscillator and 
D3 in the mixer. 
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Unit 

Volts 

mA 

mW 
mW/oC 

°c 

TRIPLE 

VOLTAGE VARIABLE 

CAPACITANCE DIODE 

FOR AM TUNING 

L......t---~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.21 5.59 0.205 0.220 
B 6.60 7.11 0.260 0.2BO 
C 3.43 4.06 0.135 0.160 
D 0.63 0.89 0.025 0.035 
G 3.94 4.19 0.155 0.165 
J 0.20 0.30 0.008 0.012 
K 2.54 3.56 0.100 0.140 
L 9.02 9.27 0.355 0.365 
M 10· 10· 
N 1.14 1.40 0.045 0.055 

CASE 206·02 



MVAM·1 (continued) 

ELECTRICAL CHARACTERISTICS IT A = 2S<>C unl ... oth.rwise noted. Each Oevice) 

Characteristic - All Type Symbol Min Typ Max Unit 

Breakdown Voltage VIBR) 28 - - Vde 
fiR = 10ltAdel 

Reverse Current IR - - 150 nAdc 
(VR = 25 Vde. T A = 25°(;1 

Diode Capacitance Temperature Coefficient TCC - 435 - ppm/oC 
(VR = 1.0 Vde. f = 1.0 MHz. T A = -40°C to +850 C) 

Case Capacitance Cc pF 
Leads 1-2 - 0.27 -

2-3 - 0.04 -
1-3 - 0.16 -
1-4 - 0.17 -
2-4 - 0.03 -
3-4 - 0.15 -

Ct , Diode Capacitance 0, Figure of Merit CR. Capacitance Ratio 
VR = 1.0Vdc.f= 1.0 MHz VR = 1.0VlIc . C,/C25 

. pF f=1.0MHz f& 1.0 MHz 

I Device Min I Typ 1 Max Min I Typ Min 1 Typ 

I MVAM-l 400 I 480 I 560 150 I 575 15 I 26 

TYPICAL CHARACTERISTICS 

FIGURE 2 - EFFECTS OF REVERSE VOLTAGE ON CAPACITANCE 
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Figure of Merit Test Method 

Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and 
substituting in the following equation: 

Q = 27TfC 
G 

(Boonton Electronics Model 33AS8 or equivalent). 

-



MVI-2097 thru MVI-2109 (SILICON) 

vvc --.!~ 

SILICON EPICAP MICRO-I DIODES 

. designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC, general frequency 
control and tuning applications; providing solid·state reliability in 
replacement of mechanical tuning methods. 

• Electrically Similar to MV2101 Series 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance-l0% 

• Complete Typical Design Curves 

• Supplied in Space Saving Micro-Miniature Package 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 30 

Forward Current 'F 20 

Device Dissipation @ T A = 25°C PD 200 
Derate above 25°C 2.0 

Operating and Storage Junction 
TJ,Tstg -55 to +125 

Temperature Range 

TYPICAL HIGH DENSITY MOUNTING TECHNIQUE 

---.l. 
~~OO1' f==~[:r o 1J1~ 

PC BOARD MOUNTIN~-----y 

Ma~lmum Solder Temper3ture 
250°C lor lOs 
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Unit 

Volts 

rnA 

mW 
mW/oC 

°c 

L 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

K 

1.0-33pF 
30 VOLTS 

MILLIMETERS 

STYLE 1. 
PIN 1. ANODE 

2. CATHODE 

INCHES 
DIM MIN MAX MIN MAX 

A 
C 
D 
F 
H 
J 
K 
L 
N 

1.98 2.34 t! I 0.092 
1.22 1.47 I 0.058 
0.25 0.41 0.016 
0.10 0.15 0.004 0.006 
0.51 0.76 0.020 0.030 
0.03 0.08 0.001 0.003 
4.19 4.45 0.165 0.175 
0.89 1.14 0.035 0.045 
0.38 0.64 0.D15 0.025 

Optional Package with Raised 
Circular Tab Available; Specify 
Case 166·01. 

CASE 166·02 



MVI-2097 thru MVI-2109 (continued) 

ELECTRICAL CHARACTERISTICS (T A =250 C unless otherwise notedl 

Characteristic-All Types Symbol Min Typ Max Unit 

Reverse Breakdown Voltage BVR 30 - - Vdc 
OR ~ 10 ~Adc) 

Reverse Voltage Leakage Current IR 20 nAdc 
(VR = 25 Vdc) 

Series Inductance LS - 3.0 nH 

(f = 250 MHz.Lead Length", 1/16··) 

Case Capacitance ee 0.15 pF 

(I = 1.0 MHz. Lead Length'" 1/16··) 

Diode Capacitance Temperature Coefficient Tee 280 400 ppmloe 

(VR = 4.0 Vdc. I = 1.0 MHz) 

CT, Diode Capacitance Or Figure of Merit TR, Tuning Ratio 
VR = 4.0 Vdc. f = 1.0 MHz VR = 4.0Vdc C2/C30 

pF f= 100 MHz f= 1.0MHz Color Code 

Device Min Nom Max Min Min Max Top Bottom 

MVI·2097 0.8 1.0 1.2 325 2.0 2.4 None None 
MVI·2098 1.8 2.2 2.7 325 2.0 2.8 None Brown 
MVI·2099 2.6 3.3 4.0 300 2.2 2.9 None Red 
MVI·2100 3.7 4.7 5.7 300 2.4 2.9 None Orange 

MVI·2101 6.1 6.8 7.5 275 2.5 3.3 None Yellow 
MVI·2102 7.3 8.2 9.0 275 2.6 3.3 None Green 
MVI·2103 9.0 10 11 275 2.6 3.3 None Blue 
MVI·2104 10.8 12 13.2 275 2.6 3.3 None Violet 

MVI·2105 13.5 15 16.5 275 2.6 3.3 None Gray 
MVI·2106 16.2 18 19.8 250 2.7 3.3 None White 
MVI·2107 19.8 22 24.2 200 2.7 3.3 Brown None 
MVI·2108 24.3 ·27 29.7 200 2.7 3.3 Brown Brown 
MVI·2109 29.7 33 36.3 200 2.7 3.3 Brown Red 

PARAMETER TEST METHODS 

1. LS. SERIES INDUCTANCE 
LS is measured on a shorted package at 250 MHz using an 
impedance bridge (800nton Radio Model 250A RX Meter). 

2. CC. CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 

3. CT, DIODE CAPACITANCE 

(CT = Cc + CJ)' CT is measured at 1.0 MHz using a capacitance 
bridge (Boonton ElectrOnics Model 75A or equivalent). 

4. TR, TUNING RATIO 

TR isthe ratio of CT measured at 2.0 Vdc divided by CT measured 
at 30 Vdc 
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5. Q. FIGURE OF MERIT 

a is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 

2"IC 
Q=­

G 

(Boonton Electronics Model 33ASS). Use Leed Length ",1/16" 

6. TCC. DIODE CAPACITANCE TEMPERATURE COEFFICIENT 

TCe is guaranteed by comparing CT at VR = 4.0 Vdc, f = 1.0 
MHz, T A = -650 C with CT at VR = 4.0 Vdc, f = 1.0 MHz. T A = 
+850 C in the following equation which defines TCe: 

Accuracy limited by measurement of CT to ± 0.1 pF. 
CR = Capacitance at VR = 4.0 Vdc 



MVI-2097 thru MVI-2109 (continued) 

TYPICAL CHARACTERISTICS 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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MVI-2097 thru MVI-2109 (continued) 

EPICAP VOL TAGE·VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 

A. Epicap Network Presentation 

The equivalent CirCUit in Figure 6 shows the voltage capacitance 
and parasitic elements of an EPICAP diode. For design purposes at 

all but very high and very· low frequencies, LSI RJ, and Cc can be 
neglected The simplified equivalent CirCUit of Figure 7 represents 

the diode under these conditions. 

Definitions 

CJ - Voltage-Variable Junction Capacitance 

RS - Senes Resistance (semiconductor bulk, contact, and 

FIGURE 6 

o 

FIGURE 7 lead resistance) 

Cc - Case Capacitance 
LS - Series Inductance 
RJ - Voltage-Variable Junction Resistance (negligible above 

100 kHzl 

C~k"" RS 
o----------~~r-~--------~~~------~O 

8. Epicap Capacitance versus Reverse Bias Voltage 

The most important design characteristic of an EPICAP diode is 
the CT versus VR variation as shown in equations 1 and 2. Tuning 
Ratio, TR, between any two voltage points on curve of equation (21 
IS determined from equations (31 and (41. 

Co 
CT=CC+----

(1<7 
C. Epicap Capacitance versus Frequency 

CJ1 (VR2+4»"1 
TR Junction = - = ----

Variations In EPICAP effective capacitance, as a function of oper­
ating frequency, can be derived from a simplified equivalent circuit 
similar to that of Figure 6, but neglecting RS and RJ. The admittance 
expression for such a circuit is given in equation 5. Examination of 
equation 5 yields the following information: 

At low frequencies, Ceq ~ CJ; at very high frequencies (f ~ 00) 

Ceq"" CC· 
As frequency is increased from 1.0 MHz, Ceq increases until it is 

maximum at w2 = 1/LSCJ; and as w 2 is increased from 1/LSCJ 
toward infinity, Ceq increases from a very negative capacitance 
(inductance) toward Ceq = CC, a positive capacitance. 

Very simple calculations for Ceq at higher frequencies indicate 
the problems encountered when capacity measurements are made 

above 1.0 MHz. As w approaches Wo = 1/~LSCJ' small variations 
in LS cause extreme vanations in measured diode capacitance. 

D. EPICAP Figure of Merit (a) and Cutoff Frequency (feD) 

The efficiency of EPICAP response to an input fr~quency is re­
lated to the Figure of Ment of the device as defined in equation 6. 
For very low frequencies, equation 7 applies whereas at high fre­
quencies, where RJ can be neglected, equation 6 may be rewritten 
Into the familiar form of equation 8. 

Another useful parameter for EPICAP devices is the cutoff fre­
quency (teo), and IS the frequency point where Q is equal to 1. 
EquatIOn 9 gives this relationsh ip. 

E. Harmonic Generation Using EPICAPS 

Efficient harmonic generation is possible with Motorola EPICAPS 
because of their high cutoff frequency and breakdown voltage. 
Since EPICAP junction capacitance varies inversely with the SQuare 
root of the breakdown voltage. harmonic generator performance can 
be accurately predicted from various Idealized models. Equation 10 
gives the level of maximum input power for the EPICAP and equation 
11 gives the relationships govern 109 EPICAP Circuit efficiency. In 
these equations, adequate heat sinking has been assumed. 
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CJ2 VR1 + 4> 

CT1 CJ1 + Cc 
TR Diode = -- = ----

CT2 CJ2 + Cc 

Conditions: 

Co = CJ at VR = 0 
VR = Reverse Bias (Voltsl 
'Y, Diode Power Law, ~ 0.44 
4>, Contact Potential, "" 0.6 Volt 
Cc~0.1BpF 

Y = jwCeq = jwCc + 

XSeq 
0=--­

RSeQ 

jwCJ 

1 - w2LSCJ 

wCJRJ2 
OLf= ---------------

RJ + RS(1 + w2CJ2RJ2 

1 
Ohf=-----

wRSCeq 

M(BVR + 4>12 fin 
pin(maxl·= 

RS feD 

M(x21 = 0.0285; M(x31 = 0.0241; M(x41 = 0.196 

fout 
Eff= 1-N -

fco 

N(x21 = 20.8, N(x31 = 34.8; N(x41 = 62.5 

M and N are Constants 

(11 

(21 

(31 

(41 

(51 

(6) 

(8) 

(91 

(101 

1111 



MVS460 

Of---I~~l--O 

MONOLITHIC TEMPERATURE COMPENSATED 
VOLTAGE REFERENCE DIODE 

Highly reliable temperature compensated monolithic integrated 
circuit voltage stabilizer designed for use in television and FM radios 
that use variable capacitance diode tuners . 

• Low Dynamic Operating Impedance 

• Low Operating Voltage Change over Temperature Range 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Operating Current for 33 Vz IZ 18 rnA 

Power DIssipation @ T A = 25°C PD 625 rnW 

Operating Junction Temperature TJ 150 °c 

Storage Temperature Range T stg -40 to +150 °c 

THERMAL CHARACTERISTICS 

CharacteristiC Symbol Max Unit 

Thermal Resistance, Junction to Case °JC 0.083 °C/rnW 

Thermal Resistance, Junction to Ambient eJA 0.200 °C/rnW 

ELECTRICAL CHARACTERISTICS (T A := 25°C unless otherWise noted) 

Characteristic Symbol Min Typ Max Unit 

Operating Voltage Vz 31 33 35 Volts 

(lZT = 5.0 mAl 

Operating Voltage Change /:,vZ -3.1 -2.3 +1.55 mV/oC 

(I ZT = 5.0 rnA, 0 to 700 CI f',T-

Operating Dynamic Impedance Zz - 9.0 25 Ohms 
liZ = 5.0 mAl 
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TUNING DIODE 
REGULATOR 

r-I S 
A 

"" .. '!;:fFr-;-, i 
PLANE F_ -~ 

_ -------.l K 

A I 
c> 

I) 

IsECT A-A 
r--J--R C 

STYLE 1: ~ PIN 1. ANODE ,o-I-oZ N 
2. CATHODE 

N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 4.32 5.33 0.170 0.210 
B 4.45 5.21 0.175 0.205 
C 3.18 4.19 0.125 0.165 
D 0.356 0.533 0.014 0.021 
F 0.407 0.482 0.016 .0 9 
G 1.27 sse 0.050 SSC 
H 1.27 0.050 
J 2.54 SSC 0.100 sse 
K 12.70 u .• uu 
L 6.35 0.250 
N 2.03 2.66 0.080 0.lu5 
p 1.9: o. 15 
R 3.43 0.135 

CASE 182-02 



MVS460 (continued) 
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MZ500-1 thru MZ500-40 (SILICON) 

Miniature plastic encapsulated zener diodes for reg­
ulated power supply circuits, surge protection, arc sup­
pression and other functions in television, automotive 
and other consumer product applications. 

CASE 51 
(00-7) 

MAXIMUM RATINGS 

Rating 

DC Power Dissipation @ TL = 

Derate above 50°C 

Junction Temperature* 

50°C 

Value Unit 

400 mW 

3.2 mW/oC 

-65to+175 °c 

*Maximum lead temperature for 10 seconds at 1/16" from case = 230°C 

FIGURE 1- POWER-TEMPERATURE DERATING CURVE 
1.0 

en 0.8 
I-

!;;c 
~ 
z: 

0.6 C> 

~ 
"-en en 
C 

0.4 cc: ..... 
3: 
C> 
"-

Lead Length = I" 

~ 0.2 

0 
0 25 50 75 100 

h. LEAD TEMPERATURE (OC) 

MECHANICAL CHARACTERISTICS 

CASE: Void free, transfer molded. 

125 

Lead temperature taken 
at indicated distance 
from case. 

150 175 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 
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MZ500·1 thru MZ500-40 (continued) 

ELECTRICAL CHARACTERISTICS (To = 25'C unl ••• otherwise nOled) V, = 1.5 V max @ 200 mA on aillypes 

Zener Voltage Tesl Typical . Ma. DC Zenor Maximum Reverse Typical 
Vz Iii> IZT Volls· Curront Zzr Iii> IZT Current leakage Current . remperature 

Type No. Izr Ohms IZM I. @ V. CoeHicient 
Min Nom Ma. mA mA pA Ma. Volts %i"C 

MZ500-1 2.16 2.4 2.64 20 35 150 - - -.085 
MZSOO-2 2.43 2.7 2.94 20 30 135 - - -.080 
MZ500_3 2.7 3.0 3.3 20 30 120 - - -.075 
MZ500-4 2.97 3.3 3.63 20 30 110 20 1 -.070 
MZ50D-5 3.24 3.6 3.96 20 25 100 20 1 -.06S 

MZ500-6 3.51 3.9 4.29 20 25 95 20 1 -.060 
MZ500-7 3.87 4.3 4.73 20 25 85 5 1 -.050 
MZ50D-B 4.23 4.7 5.17 20 20 80 5 1 -.043 
MZ500-9 4.59 5.1 5.61 20 20 70 5 1 1:.030 
MZ500-10 5. Of 5.6 6.16 20 15 65 5 1 t.028 

MZ50D-ll 5.58 6.2 6.82 20 10 60 5 1 +.045 
MZ50D-12 6.12 6.6 7.48 20 5 55 5 1 .050 
MZ500-13 6.75 7.5 8.2S 20 10 50 5 1 .058 
MZ500-14 7.38 6.2 9.02 20 10 45 • 1 .062 
MZ500-1S 8.19 9.1 10.02 20 10 40 • 1 ,068 

MZ500-16 9.0 10 11.0 20 20 36 5 I .075 
MZSOO-17 9.9 II 12.1 20 20 35 5 1 .076 
MZ500-1B 10.8 12 IS.2 20 30 32 5 I .077 
MZ500-19 11.7 13 14.3 9.5 15 30 10 9.4 .079 
MZ500-20 13.S 15 16.S 8.5 20 26 10 10.8 .082 

MZ500-21 14.4 16 17.6 7.8 20 25 10 11.S .083 
MZ500-22 16.2 18 19.8 7.0 25 21 10 13.0 .08S 
MZ500-23 18.0 20 22.0 6.2 30 19 10 14.4 .086 
MZ500-24 19.8 22 24.2 5.6 30 17 10 15.8 .087 
MZSOO-25 21.6 24 26.4 0 5.2 35 16 10 17.3 .088 

MZ500-26 24.3 27 29.7 4.6 45 14 10 19.4 .090 
MZ500-27 27.0 30 33.0 4.2 50 13 10 21.6 .091 
MZ500-28 29.7 33 36.3 3.8 60 12 10 23.8 .092 
MZ500-29 32.4 36 39.6 3.4 70 II 10 25.9 .093 
MZ500-30 35.1 39 42.9 3.2 80 9.1 10 28.1 .094 

MZ500-31 38.7 43 47.3 3.0 95 8.8 10 31.0 .095 
MZ500-32 42.3 47 U.7 2.7 110 7.9 10 33.8 .095 
MZ500-33 45.9 51 56.1 2.5 130 7.4 10 36.7 .096 
MZ500-34 50.4 56 61.6 2.2 150 6.9 10 40.3 .096 
MZ500-35 55.8 62 68.2 2.0 190 6.0 10 44.6 .097 

MZ500-36 61.2 68 74.8 1.8 240 5.5 10 49.0 .097 
MZ500-37 67.5 7. 82.5 1.7 280 5.1 10 54.0 .098 
MZSOO-38 73.8 82 90.2 1.5 340 4.6 10 59.0 .098 
MZ500-39 81.9 91 100.1 1.4 400 4.2 10 65.5 .099 
MZ500-40 90.0 100 110.0 1.3 500 3.7 10 72.0 .100 

* 1. Nominal voltages other than those stated above, matcbed sets of tight voltage tolerance devices, tigbter Voltage tolerances and double anode Clippers, are 
available from the .4M3.3ZS5 series on special request. 

2. Voltages to 200 volts are available. 

FIGURE 2 - TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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• IF - Forward Current 
• Iz - Zener Current 

• Izt.! - Malimum 
DC Zener Current 

(limIted by Power Dissipation) 

• In -Zener Test Current 

• YF - Forward Voltage 

• Vz - Nominal Zener Vottage 
• Zz - Zener Impedance 

• Zzy -Zener Impedance at 
Test Current (lzy) 



MZ600 SERIES (SILICON) 
6.2 Volts 

MZ800 SERIES 
8.4 Volts 

PRECISION REFERENCE DIODES 

... designed, manufactured and tested for applications requiring 
a precision voltage reference with ultra-high stability of voltage 
with time and temperature change. 

Special test laboratory uses precision measurement equipment, 
four-terminal (separate contacts for current and voltage) meas­
urement techniques and voltage standards to provide calibration 
directly traceable to the National Bureau of Standards. 

~~~TeST DaTa 
Every Precision Reference Diode is individually 

serialized and its test data recorded on a Certificate 
of Precision that accompanies the device when 
shipped. This data shows: 

-Device voltages at each test temperature 
(+25, +75 and +1000 C) 

-Voltage stability within the measuring 
temperature range 

-Actual device voltage at 168 hour 
intervals during verification test 

-Voltage stability throughout the entire 
1000 hour test period 

-Certification of Precision 

-All diodes are marked with the device 
type number and polarity band 
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PRECISION REFERENCE 
DIODES 

with 
CERTIFIED 

ZENER VOLTAGE·TIME 
STABILITY 

118 
@) 

CASE 51 
(00·7) 

MilliMETERS INCHES 
DIM MIN MAX MIN MAX 

A '84 7.62 0.230 0.300 

• 2.16 272 0,"' 0107 
0 0.46 0.56 0.018 0.022 
F ,21 0.06 
K 25.40 1.000 

AIiJEDECdlmlnllonsandn'oteSlllply 

CASE 51·02 
DO·204AA 

MECHANICAL CHARACTERISTICS, 
CI •• , 

Glass, Hermetically Sealed 
LI.ds; Dumet 
Laid Finish, 

~ickel 50·100 ~in. then 
gold plated 50-200 ~in. 

Weight, 
0.2 grams (approx) 



MZ600 series, MZ800 series (continued) 

OPERATING TEMPERATURE RANGE:* 25 to 100·C. 

MZ600 SERIES (Voltage 6.2V ± 5%, In = 7.5 mAde t, b. Vz = 2.5 mVdc* *) 

Voltage-Time Stability Parts Per Million Change 
Type No. (!'V /1000 Hours) (ppm/lOOO Hours) 

MZ605 30 Maximum < 5 
MZ610 60 Maximum <10 
MZ620 120 Maximum <20 
MZ640 240 Maximum <40 

DYNAMIC IMPEDANCE: 10 ohms at I .. = 7.5 mAde, I •• = 0.75 mAo 

MZSOO SERIES (Voltage SAV ± 5%, Izr = 10 mAdet, b.Vz = 3.5 mVdc**) 

Voltage·Time Stability Parts Per Million Chllnge 
Type No. (/LV /1000 Hours) (ppm/lOOO Hours) 

MZ805 45 Maximum <5 
MZ810 90 Maximum <10 
MZ820 180 Maximum <20 
MZ840 360 Maximum <40 

DYNAMIC IMPEDANCE: 15 ohms at In = 10 mAde, I .. = 1.0 mAo 

NOTES 

t TEST CURRENT 

For certification testing of time stability, Motorola maintains 'ZT 
constant and repeatable to ±0.05 "A tolerance. For voltage toler· 
ance, impedance and voltage temperature stability 'ZT needs to be 
held to 0.01 mA tolerance only. 

VOL TAGE·TIME STAB I LITV 
(~VZ/l000 Hours). 

The device voltage is read and recorded initially and at 168 hour 
intervals through 1000 hours. The maximum change of voltage be­
tween readings, taken at any of the seven points, must be less than 
the maximum voltage change per 1000 hours specified as Voltage· 
Time Stability. 

TURN·ON CHARACTERISTICS 

Precision Reference Diodes have been tested to determine the 
behavior of the device under interrupted power operation. 

To insure specified performance, adequate time must be allowed 
for the device and its environment to reach thermal equilibrium. 
"Warm·up" time may range from 10 to 30 minutes. Thermal equilib­
rium is reached when the chamber is cycling at the required tempera­
ture with the device energized. 

*Maximum limits for use as a precision reference device. Limits are 
well below the maximum thermal limits. 

··VOLTAGE·TEII/IPERATURE STABILITY: Maximum allowable 
voltage change betwee.n voltages recorded at 25, 75 and 100" C 
ambient. 

After this "warm·up" period, the device voltage will be between 
the minimum and the maximum voltage of those recorded at the 
seven points of the Voltage,Time Stability certification. 

MOUNTING 

Excellent results have been obtained by using a mechanicel mount· 
ing. If necessary, the device may be soldered into a circuit using a 
heat sink.~n the heat source and the body of the diode. A low 
thermal EMF solder is recommended. 

SPECIAL NOTE 

Voltage toleranca less than 5.0% is available upon special request. 
Precision Reference Diodescepable of meeting special requirements 

for standard voltages regerdless of required test current, temperatura 
range, or test temperatures are available. Custom requirements of 
~rticular devices for specific applications are also available. 
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MZ600 series, MZ800 series (continued) 

VOLTAGE-CURRENT 
STABILITY 
CHARACTERISTICS 

For verification of time sta-
bility. and for repeatable oper-
ation. Izr should be maintained 
with a tolerance of ±0_11'A. Fig-
ure 1 will assist in design where 
the supply current stability can-
not be maintained to better than 
0_2 pA deviation_ 

VOLTAGE-TEMPERATURE 
CHARACTERISTICS 

CHOICE OF OPERATING 

TEMPERATURE 

The stability certification is 
performed at 65·C ± O.020 C. 
The operating temperature can 
be selected within the operating 
temperature range. If the de­
sired temperature is not 65·C. 
the precise voltage of the device 
will be different but the certified 
stability will still be observed. 

VOLTAGE TEMPERATURE 

STABILITY 

For verification of time stabil­
ity and/or repeatable operation, 
the ambient temperature should 
be controlled to ±O.l·C. 

Figure 2 will assist in designs 
where ambient temperature 
cannot be controlled to better 
than 0.2"C deviation. 
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FIGURE 1 - MAXIMUM VOLTAGE CHANGE, IN /IoV AND PPM, 
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MZ821,A 
MZ823,A 
MZ825,A 
MZ827, A 
6.2 VOLTS ± 5% 

MZ935,A,B 
thru 

MZ938,A,B 
9.0 VOLTS ± 5% 

MZ941,A,B 
thru 

MZ944,A,B 
11.7 VOLTS ±5% 

MZ3154,A 
thru 

MZ3156,A 
8.4 VOLTS ± 5% 

Desig'nel's Data Sheet 

RADIATION HARDENED 
TEMPERATUR E·COMPENSATED 

ZENER REFERENCE DIODES 

Highly reliable reference sources utilizing an oxide·passivated junco 
tion for long·term voltage stability. Ramrod construction provides 
a rugged, glass-enclosed, hermetically sealed structure. 

• Specified Radiation Effects 

• Low Dynamic Impedance 

• Choice of Temperature Ranges 

• "Box Method" Specifications Guarantee Maximum Voltage Devia· 
tion 

• Choice of Four Voltages 

RADIATION HARDENED 

Designer's Data for ''Worst Case" Conditions 
TEMPERATUR E·COMPENSATED 

SILICON ZENER 
The Designers Data sheets permit the design of most circuits entirely from REFERENCE DIODES the information presented. Limit curves - representing boundaries on devtc8 

characteristics - are given to facilitate "worst case" design. 

liB 
@ 

D-~ 
MAXIMUM RATINGS 

K 
Junction Temperature: -55 to + 175°C CATHOOE .UFJ Storage Temperature: -65 to +1750 C BANO 

DC Power Dissipation: 400 mW @ T A = 25°C 

r+. 
I A 

'f 
MECHANICAL CHARACTERISTICS K 

CASE: Hermetically sealed, all·glass CASE 51·02 L DIMENSIONS: See outline drawing DO·204AA 

FINISH: All external surfaces are corrosion resistant and leads are 
MILLIMETERS INCHES readily solderable and weldable. DIM MIN MAX MIN MAX 

POLARITY: Cathode indicated by polarity band. 
A 5.84 7.62 0.230 0.300 WEIGHT: 0.2 Gram (approx) B 2.16 2.72 0.085 0.107 

MOUNTING POSITION: Any D 0.46 0.56 0.018 0.022 
F 1.27 0.050 
K 25.40 1.000 

All JEOEC dimensions and notes apply 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 

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

Maximum 
Vol~ Ambient Air T emparature 

Reference Motorola Change Test Coefficient 
Vol~1It Type No. l>VZ (Volts) Temperaturas %/oC 

Test Currant (Note 1) (Note 2) Dc (Note 2) 

MZ821 0.096 0.01 

MZ823 0.048 0.005 

MZ825 0.Q19 0.002 

MZ827 
Vz = 6.2 V ±. 5% 

0.009 
-55,0, +25, 

0.001 

@IZT=7.5mA 
MZ821A 0.096 

+75, +100 
0.01 

MZ823A 0.048 0.005 

MZ825A 0.019 0.002 

MZ827A 0.009 0.001 

MZ935 0.067 0.01 

MZ936 0.033 0.005 

MZ937 0.013 0, +25, +75 0.002 

MZ938 0.006 0.001 

MZ935A 0.139 0.Q1 

MZ936A 0.069 0.005 
Vz = 9.0 V±. 5% 

MZ937A 0.027 
-55,0, +25, 

0.002 
@IZT=7.5mA 

MZ938A 0.013 
+75, +100 

0.001 

MZ935B 0.184 0.01 

MZ936B 0.092 0.005 

MZ937B 0.037 
-55,0, +25, 

0.002 

MZ938B 0.Q18 
+75, +100, +150 

0.001 

MZ941 0.088 0.Q1 

MZ942 0.044 
0,+25, +75 

0.005 

MZ943 0.Q18 0.002 

MZ944 0.009 0.001 

MZ941 A 0.181 0.01 

VZ=II.7V±.5% MZ942A 0.090 -55,0, +25, 0.005 

MZ943A 0.036 +75, +100 0.002 
@IZT=7.5mA 

MZ944A 0.018 0.001 

MZ941B 0.239 0.Q1 

MZ942B 0.120 0.005 

MZ943B 0.047 -55,0, +25, 0.002 

MZ944B 0.024 +75, +150 0.001 

MZ945B 0.012 0.0005 

MZ946B 0.005 0.0002 

MZ3154 0.130 0.Q1 

MZ3155 0.065 -55,0, +25 0.005 

MZ3156 0.026 +75, +100 0.002 

Vz = 8.4 V ±.5% 

@IZT=10mA MZ3154A 0.172 0.Q1 

MZ3155A 0.086 -55,0, +25, 0.005 

MZ3156A 0.034 +75, +100, +150 0.002 
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Maximum 
Dynamic 

Impedance 
ZZTOhml 
(Note 3) 

15 

10 

20 

20 

20 

30 

30 

30 

15 

15 



MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 
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MZ821,A, MZ823,A,MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 

loOi-i--r--r-=:;;:!;::.::==t==:::;:l 
FIGURE 4 

MAXIMUM VOLTAGE CHANGE versus 
AMBIENT TEMPERATURE 

75~----1-----~~--t---·--~--~----~ 

(with IZT = 7.5 rnA ± 0.01 rnA) 

These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from 0 to +50oC 
will cause a voltage change no greater than +31 mV or - 31 
mV for MZ821 0 r MZ821A, as illustrated by the dashed lines 
in figure 4. The boundaries given are maximum values. Ex­
panded views of Maximum Voltage Change versus Ambient 
Temperature curves are shown on the standard data sheet 
1N821,A, 1N823,A, 1N825,A, 1N827,A, 1N829,A. 
The maximum voltage change. 6.VZ. in Figures5and 6 is due 
entirely to the impedance of the device. If both temperature 
and IZT are varied, then the total voltage change may be ob­
tained by adding 6VZ in Figure 5 or 6 to the b..VZ in Figure 4 
for the device under consideration. If the device is to be 
operated at some stable current other than the specified test 
current, a new set of characteristics may be plotted by super­
imposing the data in Figure 5 or 6 on Figure 4. 
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ZENER CURRENT versus MAXIMUM VOLTAGE CHANGE 
(At Specified Temperatures) (See Note 5) 

MORE THAN 95% OF THE UNITS ARE IN THE RANGES INDICATED BY THE CURVES 

FIGURE 5 - MZ821 SERIES 

oVZ, MAXIMUM VOLTAGE CHANGE (mVI 
(Referenced to IZT = 7.5 rnA) 

50 

;;C 
.s 
>-

~ 
G 
co 
w 

~ 
N 

.!:9 

FIGURE 6 - MZ821 A SERIES 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A,MZ935,A,8 thru MZ938,A,8, 
MZ941,A,8 thru MZ944,A,8, MZ3154,A thru MZ3156,A (continued) 

MAXIMUM VOLTAGE CHANGE versus TEMPERATURE 
(With IZT = 7.5 mA ± 0.Q1 mAl 

FIGURE 9 - MZ935 thru MZ939 
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FIGURE 11 - MZ935B thru MZ939B 
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FIGURE 12 - ZENER CURRENT versus MAXIMUM VOLTAGE 
CHANGE (at specified temperatures) (See Note 5) 
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These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from +25 to +50oC 
will cause a voltage change no greater than +22 mV or - 22 
mV for MZ935. as illustrated by the dashed lines in Figure 9. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet 1 N935A,B thru 
lN939,A.B. 
The maximum voltage change, t::,VZ, in Figure 12 is due en­
tirely to the impedance of the device. If both temperature 
and IZT are varied, then the total voltage change may be 
obtained by adding 6VZ in Figure 12 to the t::.VZ in Figure 
9, 10, or 11 for the device under consideration. If the device 
is to be operated at some stable current other than the speci­
fied test current, a new set of characteristics may be plotted 
by superimposing the data in Figure 12 on Figure 9, 10, or 11. 

FIGURE 13 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT (See Note 3) 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 

MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT = 7.5 mA ± 0.01 mAl 

FIGURE 14 - MZ941 thru MZ946 
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FIGURE 16 - MZ941B thru MZ946B 
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FIGURE 17- ZENER CURRENT versus MAXIMUM VOLTAGE 
CHANGE (At specified temperatures) (See Note 5) 
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FIGURE 15 - MZ941A thru MZ946A 
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These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from +25 to +50oC 
will cause a voltage change no greater than +29 mV or - 28 
mV for MZ941 , as illustrated by the dashed lines in Figure 14. 
The boundaries given are maximum values. Expanded views 
of Maximum Voltage Change versus Ambient Temperature 
curves are shown on the standard data sheet 1N941,A,B thru 
lN946,A,B. 
The maximum voltage change, 6VZ, in Figure 17 is due en~ 
tirely to the impedance of the device. If both temperature 
and I ZT are vaired, then the total voltage change may be ob~ 
tained by adding I'NZ in Figure 17 to the ''NZ in Figure 14, 
15, or 16 for the device under consideration. I f the device is 
to be operated at some stable current other than the specified 
test current, a new set of characteristics may be plotted by 
superimposing the data in Figure 17 on Figure 14, 15, or 16. 

FIGURE 18 - MAXIMUM ZENER IMPEDANCE versus 
ZENER CURRENT (See Note 3) 
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MZ821 ,A, MZ823,A, MZ825.A, MZ827.A, MZ935,A,B thru MZ938,A,B, 
MZ941,A,B thru MZ944,A,B, MZ3154.A thru MZ3156.A (continued) 
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MAXIMUM VOLTAGE CHANGE versus AMBIENT TEMPERATURE 
(With IZT = 1.0 rnA ± 0.01 rnA) 

These graphs can be used to determine the maximum voltage 
change of any device in the series over any specific temperature 
range. For example, a temperature change from 0 to +50oC 
will cause a voltage change no greater than +42 mV or - 42 
mV for MZ3154, as illustrated by the dashed lines in Figure 
19. The boundaries given are maximum values. Expanded 
views of Maximum Voltage Change versus Ambient Temper­
ature curves are shown on the standard data sheet 1N3154,A 
thru lN3157,A. 

FIGURE 19 - MZ3154 thru MZ3157 
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The maximum voltage change. 6VZ, in Figure 21 is due en~ 
tirely to the impedance of the device. If both temperature 
and IZT are varied, then the total voltage change may be ob~ 
tained by adding l>VZ in Figure 21 to the l>VZ in Figure 19 
or 20 for the device under consideration. If the device is to 
be operated at some stable current other than the specified 
test current. a new set of characteristics may be plotted by 
superimposing the data in Figure 21 on Figure 19 or 20. 

FIGURE 20 - MZ3154A thru MZ3157A 
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FIGURE 22 - MAXIMUM ZENER IMPEDANCE 
versus ZENER CURRENT (See Nota 3) 
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MZ821,A, MZ823,A, MZ825,A, MZ827,A, MZ935,A,B thruMZ938,A,B, 
MZ941 ,A,B thru MZ944,A,B, MZ3154,A thru MZ3156,A (continued) 

RADIATION EFFECTS 

Standard Zener Diodes are inherently radiation resistant because 
of high doping levels. This is not the case in Temperature Compen­
sated Zener Reference Diodes because standard diffused, forward­
biased, P-N junctions having negative temperature coefficients arB 
utilized to compensate for the positive temperature coefficient of 
the zener die. Normally, the characteristic of the toward-biased 
P-N junction changes significantly with fast neutron dosage and 

NOTE 1: 

The Motorola listed types have electrical specifications identical to 
the 1 N ... counterpart, i.e., MZ821 is identical to 1 N821. 

NOTE 2: 

Voltage Variation (t:.VZ) and Temperature Coefficient 

All reference diodes are characterized by the "box method," This 
guarantees a maximum voltage variation (t:.VZ) over the specified 
temperature range. at the specified test current (lZT). verified by 
tests at indicated temperature points within the range. This method 
of indicated voltage stability is now used for JEDEC registration 
as well as for military qualification. The former method of indi· 
eating voltage stability - by means of temperature coefficient -
accurately reflects the voltage deviation at the temperature ex· 
tremes, but is not necessarily accurate within the temperature range 
because reference diodes have a nonlinear temperature relationship. 
The temperature coefficient, therefore, is given only as a reference. 

makes the composite device sensitive to radiation. Motorola utj.. 
lizas specially processed P-N junctions to provide devices capable 
of meeting the information shown in Figures 1, 2 and 3. 

The radiation effects curves were generated based on data obtained 
by irradiating devices in a Tri~ Reactor. Note: 3 neutron/cm2 
(Triga Reactor) = 1 neutron/em (1Mev equivalent.) 

NOTE 3: 

Zener hnpedance Derivation 

The dynamic zener impedance. ZZT. is derived from the 6()"Hz ac 
voltage drop which results when an ac current with an rrns value 
equal to 10% of the dc zener current, IZT. is superimposed on IZT' 
Curves showing the variation of the zener impedance with zener 
current for each series are given. A cathode·ray tube curve·trace 
test on a sample basis is used to ensure that each zener characteristic 
has a sharp and stable knee region. 
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MZ 1000-1 thru MZ 1000-37 (SILICON) 

MINIATURE PL.ASTIC ENCAPSULATED ZENER DIODES 

· .. for regulated power supply circuits, surge protection, arc 
suppression and other functions in television, automotive and 
other consumer product applications. 

• No larger than conventional 250 mW case yet conservatively 
rated at 1 watt (to 3 watts dissipation possible). 

• 100% oscilloscope tested to assure sharp breakdown 
and long-term, reliable operation. 

MAXIMUM RATINGS 

Rating Value Unit 

DC Power Dissipation @ T L ::: 500 e 1.5 Watts 
Derate above 500 e 8.33 mW/oC 

Lead Temperature (11 -65 to +175 °c 
(1) Maximum Lead temperature for 10 seconds at 1/16" from case'" 230°C 

FIGURE 1-POWER·TEMPERATURE DERATING CURVE 
4.0 I I ~ 
3.5 

~ 
~~~~d~~~::~:~~n~k~~m case -

In 
S 3.0 

- LeadLengtl1~%~ ~ 
j!5 2.5 ........ 
~ -I '-..... ~ 2.0 
is --- ------

.......... 
........... i 1.5 

1" --'---- ............... 
~ 1.0 ---- ~ 0.5 -~ 0 

0 25 50 75 100 125 150 175 

T c LEAD TEMPERATURE 1°C) 

MECHANICAL CHARACTER'ISTICS 

CASE: Void free, transfer molded. 

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable. 

POLARITY: Cathode indicated by color band. When operated in zener mode, 
cathode will be positive with respect to anode. 

MOUNTING POSITION: Any. 

WEIGHT: 0.42 gram (approximately). 
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1 WATT 
ZENER DIODES 

SILICON 
OXIDE PASSIVATED 

3.3-100 VOLTS 

DIM 

A 
B 
0 
F 
K 

NOTE: 
1. POLARITY DENOTEO BY 

CATHODE BAND 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
4.07 5.20 0.lS0 0.205 
2.04 2.71 0.080 0.107 
0.71 O.BS O,02B O. 34 
- 1.27 - 0.050 

27.94 - 1.100 -
All JEDEC dImensions and notes apply. 

CASE 59-03 
00-41 



MZ1000-1 thru MZ1000-37 (continued) 
ELECTRICAL CHARACTERISTICS (Tc = 25"C unlessolherwlle noted} V, "" 1 5 Vmil~ @200rnAon"Utypes 

Zener Voltage Test Max DC Zener Maximum Reverse 
Motorola Vz @ IZT Volts (2) Current Typical Current Leakage Current Temperature 

Type No. Izr ZZT (@ IZT IZM IR VR Coefficient 
@ %/"C 

Min Nom Max mA Ohms mA pA Max Volts 

MZIOOO-l 2.97 3.3 3.63 76 15 276 150 I -.070 
MZI000-2 3.24 3.6 3.96 69 15 252 150 I -.065 
MZIOOO-3 3.51 3.9 4.29 64 13,5 234 75 I -.060 
MZIOOO-4 3.87 4.3 4.73 58 13.5 217 20 I -.050 
MZI000-S 4.23 4.7 5.17 53 12 193 20 I -.043 

MZIOOO-6 4.59 5.1 5.61 49 10.5 178 20 I t.030 
MZlOOO-7 5.04 5.6 6.16 45 7.5 162 20 2 t .028 
MZIOOO-8 5.58 6.2 6.82 41 3 146 20 3 +.045 
MZIOOO-9 6.12 6.6 7.48 37 5.25 133 20 4 .050 
MZIOOO-lO 6.75 7.5 8.25 34 6 121 20 5 .058 

MZIOOO-ll 7.38 8.2 9.02 31 6.75 110 20 5.9 .062 
MZIOOO-12 8.19 9.1 10.01 28 7.5 100 20 6.6 .068 
MZIOOO .. 13 9 10 II 25 10.5 91 20 7.2 .075 
MZlOOO-14 9.9 II 12.1 23 12 83 10 8.0 .076 
MZlOOO-15 10.8 12 13.2 21 13.5' 76 10 8.6 .077 

MZlOOO-16 11.7 13 14.3 19 15 69 10 9.4 ,079 
MZIOOO-l'7 13.5 15 16.5 17 21 61 10 10.8 .082 
MZIOOO-18 14.4 16 17.6 15.5 24 57 10 11.5 .083 
MZIOOO-19 16.2 18 19.8 14 30 50 10 13.0 ,085 
MZlOOO-20 18 20 22 12.5 33 45 10 14.4 .086 

MZlOOO-21 19.8 22 24.2 11.5 34.5 41 10 15.8 .087 
MZlOOO-22 21.6 24 26.4 10.5 37.5 38 10 17.3 .088 
MZIOOO-23 24.3 27 29.7 9.5 52.5 34 10 19.4 .090 
MZI000-24 27 30 33 8.5 60 30 10 21.6 .091 
MZI000-25 29.7 33 36.3 7.5 67.5 27 10 23.8 .092 

MZ1000-26 32.4 36 39.6 7 75 25 10 25.9 .093 
MZI000-27 35.1 39 42.9 6.5 90 23 10 28.1 .094 
MZI000-28 38.7 43 47.3 6 105 22 10 31.0 .095 
MZ1000-29 42.3 47 51.7 5.5 120 19 10 33.8 .095 
MZI000-30 45.9 51 56.1 5 142.5 18 10 36.7 .096 

MZ1000-31 50.4 56 61.6 4.5 165 16 10 40.3 .096 
MZI000-32 55.8 62 68.2 4 177.5 14 10 44.6 .097 
MZI000-33 61.2 68 74.8 3.7 225 13 10 49.0 .097 
MZ1000-34 67.5 75 82.5 3.3 262.5 12 10 54.0 .098 
MZI000-35 73.8 86 90.2 3 300 II 10 59.0 .098 

MZI000-36 61.9 91 100.1 2.8 375 10 10 65.5 .099 
MZ1000-37 90 100 110 2.5 525 9 10 72.0 .100 

(2) NoDlinal voltages other than those stated above, matched sets, and tighter voltage tolerances are available as listed on DS 7030 HI (available from your local 
Motorola sales office or distributor) ... Motorola IN4728 thru IN4764 series (lM3.3ZS10 thru IMIOOZSIO). 

Voltages to 200 volts are available in other package configurations on request. 

MZ2360 
thru 

MZ2362 

FIGURE 2 - TYPICAL ZENER DIODE CHARACTERISTICS and SYMBOL IDENTIFICATION 
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• IF - Forward Current 

• Iz -Zener Current 

• IZM - Maximum 
OCZenerCurrent 

(limited by Power Dissipation) 

• IZT - Zener Test Current 

• VF - Forward Voltage 

• Vz - Nominal Zener Voltage 

• Zz - Zener Impedance 

• Zn - Zener Impedance at 
Test CUrrent tlZT) 

For Specifications, See IN816 Data, Volume I. 

MZ4614 thru MZ4627 (SILICON) 

For Specifications, See IN4099 Data, Volume 1. 
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MZ5555 (SILICON) 
thru 

MZ5558 

De~igllerlS Data Sheet 

SILICON POWER TRANSIENT SUPPRESSORS 

are highly reliable voltage regulators specifically designed to with­
stand high power pulses for protection of voltage transient sensitive 
circuits. 

• Peak Power Given - 0.01 ms to 1.0 s 

• Low Power Overshoot 

• Low Power Loss 

• Convenient Size 

• Ax ial Lead Package 

• Oxide Passivated Junction 

Designer's Data for "Worst Case" Conditions 

The Designers Data sheets perm it the design of most circu its 
entirely from the information presented. Limit curves - representing 
boundaries on device characteristics - are given to facilitate "worst 
case" design. 

MAXIMUM RATINGS 

MZ5555 
MZ5556 

Rating Symbol MZ5557 MZ5558 Unit 

Transient Power Dissipation - 9.0 6.5 kW 
Smgle Square Wave Pulse, 

Pulse Width = 0.01 ms, 
TL = 25°C 

DC Power Dissipation Po 5.0 Watts 
TL = 25°C. L = 0.5·' 

Derate above 2SoC 33.3 mW/oC 

Operating and Storage JunctIon TJ,Tstg -65 to +175 °c 
Temperature Range 

MECHANICAL CHARACTERISTICS 

CASE: Metal, hermetically sealed. 
FINISH: All external surfaces are corrosion resistant and leads are 

readily solderable and weldable. 
POLARITY: Cathode indicated by diode symbol. 
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SILICON POWER 
TRANSIENT SUPPRESSORS 

~. 
1-' o 
K 

L 
c 

r 
K 

L, 

STYLE 1: 
1. CATHODE 
2. ANODE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - 11.43 - 0.450 
B - 8.89 ~O 
C 7.62 0.300 
D 1.17 1.42 0.046 0.056 
K 24.89 o. _. 

CASE 60-02 



MZ5555 thru MZ5558 (continued) 

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

VF VF 
IR Vz Vc Ipp TC Forward Forward 

Reverse Standoff Breakdown Clamping Peak, Pulse T emperatu ra Voltage Voltage 

VR leakage Current Voltage Voltage Current Coefficient @ IF = 100 A @IF=200A 
Reverse Standoff @VR @1.0mA @Ipp INote 1) INote3) INote2) INote 2) 

Type Voltage (IlA) IVolts) IVolts) lAmp) I%I"C) IVa Its) IVolts) 

Number (Vdc) (VRMS) Max Min Max Max Max Max Max 

MZ5555 30.5 21.5 5.0 33 47.5 32 0.093 2.0 2.7 

MZ5556 40.3 28.5 5.0 43.7 63.5 24 0.095 2.5 3.2 

MZ5557 49 34.5 5.0 54 78.5 19 0.099 2.8 3.8 

MZ5558 175 124 5.0 191 265 5.7 0.110 3.5 5.1 

NOTE 1: The Peak Pulse Curfent is measured on an exponential curve With Ipp defined as follows: 

o 102.03.040 50 60 
Tlme-(ms) 

NOTE 2: The Forward Current (IF) is a non·repetltive sqaure wave pulse With a pulse width of 10 ms. 

NOTE 3: Temperature Coefficient IS measured at 1.0 rnA over the temperature range of 25°C to 125°C. 

FIGURE 1 - STEADY STATE POWER OERATING 
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FIGURE 2 - EFFECTS OF LEAD LENGTH ON STEADY 
STATE THERMAL RESISTANCE 
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MZ5555 thru MZ5558 (continued) 

FIGURE 3 - TYPICAL VOLTAGE CHANGE WITH CURRENT 
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FIGURE 5 - MZ5555. MZ5556. MZ5557 
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FIGURE 6 - MZ555S 
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FIGURE 7 - MZ5555. MZ5556. MZ5557 
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FIGURE S - MZ555S 
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MZ5555 thru MZ5558 (continued) 
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FIGURE 9 - TYPICAL CAPACITANCE 
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