
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MAXIMUM RATINGS 

Rating Symbol Value 

Continuous Reverse Voltage VR 75 

Peak Forward Current IF 200 

Peak Forward Surge Current IFM(surae) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25'C 
Derate above 2S'C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tst!! -55 to +150 

*FR-5 = 1.0 x 0.75 x 0.062 on. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

t MBAS16L = A6X 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

t Characteristic 

OFF CHARACTERISTICS 

Reverse Voltage Leakage Current 
(VR = 75 V) 
(VR = 75 V, TJ = 150'C) 
(VR = 25 V, TJ = 150'C) 

Reverse Breakdown Voltage 
(lBR = 100/LA) 

Forward Voltage 
(IF = 1.0 mAl 
(IF = 10 mAl 
(IF = 50 mAl 
(IF = 150 mAl 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Recovery Voltage 
(IF = 10 mA, tr = 20 ns) 

Reverse Recovery Time 
(IF = IR = 10 mA, RL = 50!l) 

Stored Charge 
(IF = 10 mA to VR = 5.0 V, RL = 500!l) 

Unit 

Vdc 

mAde 

mA 

Unit, 

mW 

mWf'C 

'CIW 

mW 

mWf'C 

.c!w 

'C 

Symbol 

IR 

V(BR) 

VF 

CD 

VFR 

trr 

aS 

BAS16L 
CASE 318-03, STYLE 8 

SOT-23 (TO-236AB) 

3 0>---+144--0 1 
Cathode Anode 

SWITCHING DIODE 

Min Max 

- 1.0 
- 50 
- 30 

75 -

- 715 
- 855 
- 1000 
- 1250 

- 2.0 

- 1.75 

- 6.0 

- 45 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 

Unit 

pA 

V 

mV 

pF 

V 

ns 

pC 

(IF = IR = 10 mA; measured 
at iR(REC) = 1.0 mAl 

Notes: 1. A 2.0 kG variable resistor adjusted lor a Forward Current (IF) 01 lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to lOrnA. 
3. tp» trr 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vde 

Forward Current IF 150 mAde 

Peak Forward Surge Current IFM(surge) 500 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 
TA = 25°C 
Derate above 25°C 1.8 mWI"C 

Thermal Resistance Junction to Ambient R8JA 556 °cm 

Total Device Dissipation Po 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWI"C 

Thermal Resistance Junction to Ambient R8JA 417 °cm 

Junction and Storage Temperature TJ, Tst~ -55 to +150 °C 

'FR-5 = 1.0 x 0.75 x 0.062 In. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I BAV99L = A7 

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

I Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage (I(BR) = 100 /LA) 

Reverse Voltage Leakage Current (VR = 70 Vde) 
(VR = 25 Vdc, T J = 150°C) 
(VR = 70 Vde, T J = 150°C) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage (IF = 1.0 mAde) 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 150 mAde) 

Reverse Recovery Time (IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Forward Recovery Voltage (IF = 10 mA, tr = 20 ns) 

Symbol 

V(BR) 

IR 

CD 

VF 

trr 

VFR 

BAV99L 
CASE 318-03, STYLE 11 

SOT-23 (TO-236AB) 

Anode Cathode 

'o---·--r~--~·~02 

Cathode/Anode 

DUAL SERIES 
SWITCHING DIODES 

Min Max 

70 -
- 2.5 
- 30 
- 50 

- 1.5 

- 715 
- 855 
- 1000 
- 1250 

- 6.0 

- 1.75 

Unit 

Vde 

!LAde 

pF 

mVde 

ns 

V 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

)NPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 

at iR(REC) = 1.0 mAl 

Notes: 1. A 2.0 kG variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 rnA. 
3. tp. trr 
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MAXIMUM RATINGS 
Rating 

Voltage Range 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25°C 
Derate above 25°C I.B mWrC 

Thermal Resistance Junction to Ambient ROJA 556 °CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R/IJA 417 °CIW 

Junction and Storage Temperature TJ, Tstll -55 to +150 °C 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

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

Characteristic 

OFF CHARACTERISTICS 

Forward Voltage 
(IF = 10 mAde) BZXB4C Series 

Reverse Voltage Leakage Current 
(VR = 2.0 Vdc) BZXB4C4V7L 

BZX84C5V1L 
BZXB4C5V6L 

(VR = 4.0 Vdc) BZX84C6V2L 
BZXB4C6VBL 

(VR = 5.0 Vdc) BZXB4C7V5L 
BZX84CBV2L 

(VR = 6.0 Vdc) BZX84C9V1L 
(VR = 7.0 Vdc) BZXB4Cl0L 
(VR = B.O Vdc) BZXB4Cll L, C12L, C13L 
(VR = 0.70 VZ) BZXB4C15L to BZXB4C33L 

Symbol 

VF 

IR 

BZX84C4V7L 
thru 

BZX84C33L 
CASE 318-03, STYLE 8 

SOT-23 (TO-236AB) 

3 o--)-+~.--o 1 
Cathode Anode 

ZENER DIODES 

Min Max 

- 0.9 

Unit 

Vdc 

pAdc 
- 3.0 
- 2.0 
- 1.0 

- 3.0 
- 2.0 

- 1.0 
- 0.7 

- 0.5 
- 0.2 
- 0.1 
- 0.05 
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BZX84C4V7L thru BZX84C33L 

ZENER VOLTAGE 

VZ3(V) 4 VZ/4 T(nV/k) 

Device Marking 'Z3(mA) Min Max ZZT1(0) ZZT2(O) ZZT3(O) Min Max 

BZX84C4V7L ZI 20 4.5 5.4 80 500 15 -3.5 0.2 
BZXS4C5V1L Z2 20 5.0 5.9 60 480 15 -2.7 1.2 

BZX84C5V6L Z3 20 5.2 6.3 40 400 10 -2.0 2.5 

BZXS4C6V2L Z4 20 5.8 6.8 10 150 6 0.4 3.7 

BZXS4C6V8L Z5 20 6.4 7.4 15 SO 6 1.2 4.5 

BZX84C7V5L Z6 20 7.0 8.0 15 80 6 2.5 5.3 

BZX84C8V2L Z7 20 7.7 8.8 15 SO 6 3.2 6.2 

BZX84C9V1L Z8 20 8.5 9.7 15 100 8 3.8 7.0 

BZX84Cl0L Z9 20 9.4 10.7 20 150 10 4.5 8.0 

BZX84CllL VI 20 10.4 11.8 20 150 10 5.4 9.0 

BZX84CI2L V2 20 11.4 12.9 25 150 10 6.0 10 

BZX84C13L V3 20 12.5 14.2 30 170 15 7.0 11 

BZX84C15L V4 20 13.9 15.7 30 200 20 9.2 13 

BZX84C16L V5 20 15.4 17.2 40 200 20 10.4 14 

BZX84C1SL V6 20 16.9 19.2 45 225 20 12.4 16 

BZX84C20L Y7 20 1S.9 21.4 55 225 20 14.4 18 

BZX84C22L V8 20 20.9 23.4 55 250 25 16.4 20 

BZX84C24L V9 20 22.9 25.7 70 250 25 18.4 22 

BZX84C27L Vl0 10 25.2 29.3 80 300 45 21.4 25.3 

BZX84C30L VII 10 28.1 32.4 SO 300 50 24.4 29.4 

BZX84C33L V12 10 31.1 35.4 SO 325 55 27.4 33.4 

VZ1(V) VZ2(V) 

Device Marking 'ZI(mA) Min Max 'ZI(mA) Min Max 

BZX84C4V7L ZI 5 4.4 5.0 1 3.7 4.7 

BZX84C5V1L Z2 5 4.S 5.4 1 4.2 5.3 • BZX84C5V6L Z3 5 5.2 6.0 1 4.S 6.0 

BZXS4C6V2L Z4 5 5.8 6.6 1 5.6 6.6 

BZX84C6VSL Z5 5 6.4 7.2 I 6.3 7.2 

BZX84C7V5L Z6 5 7.0 7.9 1 6.9 7.9 

SZXS4CSV2L Z7 5 7.7 8.7 I 7.6 S.7 

BZX84C9V1L ZS 5 8.5 9.6 I S.4 9.6 

BZX84Cl0L Z9 5 9.4 10.6 1 9.3 10.6 

BZX84Cl1L VI 5 10.4 11.6 1 10.2 11.6 

BZX84CI2L V2 5 11.4 12.7 1 11.2 12.7 

BZXS4C13L V3 5 12.4 14.1 1 12.3 14 

BZXS4C15L V4 5 13.8 15.6 1 13.7 15.5 

BZX84CI6L V5 5 15.3 17.1 1 15.2 17 

BZXS4C1SL V6 5 16.8 19.1 I 16.7 19 

BZX84C20L Y7 5 IS.S 21.2 I IS.7 21.1 

BZX84C22L VS 5 20.8 23.3 I 20.7 23.2 

BZX84C24L V9 5 22.8 25.6 I 22.7 25.5 

BZX84C27L Vl0 2 25.1 2S.9 0.5 25 2S.9 

BZX84C30L VII 2 2S 32 0.5 27.8 32 

BZX84C33L V12 2 31 35 0.5 30.S 35 
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MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted) 

MAD1107 
Rating Symbol MAD130 MAD1103 MAD1108 Unit 

Peak Reverse Voltage(l) VRM 40 50 50 Vdc 

SteadY-State Reverse VR 25 25 40 Vdc 
Voltage 

Peak Forward Current at IFM 500 mA 
(or below) 25°C Free-Air 
Temperature(1 ) 

Continuous Forward IF 400 mA 
Current at (or below) 
25°C Free-Air 
Temperature(2) 

Continuous Power Po 600 mW 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 

Operating Free-Air TA -65 to + 125 -65to +125 -55to +150 °C 
Temperature Range 

Storage Temperature Tstg -65to +150 -65to +150 -65to +175 °C 
Range 

Lead Temperature 1/16" 260 °C 
from Case for 10 
Seconds 

NOTES: 
1. These values apply for PW '" 1 00 p.s, duty cycle", 20%. 
2. Derate linearity to + 125°C temperature at rate of 3.2 mAl"C. 
3. Derate linearity to + 125°C temperature at rate of 6.0 mWfC. 

PACKAGE OPTIONS 

CERAMIC PlAS11C FLAT CERAMIC 
CSuffix P Suffix FSuffix 

Pin Pin Pin 
Connection Connection Connection 

Device Rof.No. case ReI.No. C ... ReI. No. Cose Device 

MADI30 
3 632·08 3 ~6 - - MADll07 

Dual lO·Diode Array Dual 8·Diode Array 

MAD1103 
5 632·08 5 646-06 4 606·04 

MAD1108 
Dual 8·Diode Array B-Diode Arrey 

PIN CONNECTION DIAGRAMS 

MAD130, MADll03 
MADll07, MADll08 
~1 

10 
MAD1103F 

CASE 606-04 I_ 
I 

MAD130C 
MAD1103C, MAD1107C 

CASE 632-08 

".:"""1 
1~ 
MAD1107F 

CASE 607-05 

J,m 
1 

MAD130P 
MAD1103P, MAD1107P 

CASE 646-06 

MAD1106C 
CASE 620-09 

MAD1108P 
CASE 648-08 

MAD1108F 
CASE 650-05 

MONOLITHIC DIODE ARRAYS 

CERAMIC PlAS11C FLAT CERAMIC 
CSuffix PSuflix FSuffix 

Pin Pin Pin 
Connection Connection Connection 

Rei. No. Case ReI. No. Case Rei. No. Case 

2 632·08 2 646-06 2 607·05 

I 620'()9 I 646-08 I 650·05 

2 

a-Diode Array 
16-Pm Package 

Dual 8-Dlode Array 
14-Prn Package 

IIIII!!I 
Case 620, Case 648, Case,6S0 

3 

Dual 1 O-Dlode Array 
14-Pm Package 

Case 632, Case 646 

4 

Dual a-Diode Array 
10-Prn Package 

Case 606 

5 

Dual 8-Dlode Array 
14-Prn Package 

-PinS 4,6,10,13 = NC 
Case 632, Case 646 
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MAD130, MAD1103, MAD1107, MAD1108 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage(l) V(BR) 
(lR = 10pA) MAD130 40 - Vdc 

MADll03/1107l110S 50 -
Static Reverse Current IR ,.A 

(VR = 40 V) - 0.1 
-

Static Forward Voltage VF Vdc 
(IF = 100 rnA) - 1.1 
(IF = 500 mA)(2) - 1.5 

Peak Forward Voltage(3) VFM - 5.0 Vdc 
(IF = 500 rnA) 

SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic Svmbol Tvpical Value Unit 

Forward Recovery Time, Figure 3 tfr 20 ns 
(IF = 500 rnA) 

Reverse Recovery Time, Figure 2 trr S.O ns 
(IF = 200 rnA, IRM = 200 mA, RL = 100 n, irr = 20 rnA) 

NOTES: 
1. This parameter must be measured using pulse techniques. PW = 100 /LS, duty cycle", 20%. 
2. This parameter is measured using pulse techniques. PW = 300 /LS, duty cycle", 2.0%. Read time is 90 /LS from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle'" 2.0%, pulse rise time'" 10 ns. The 

total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is SO MHz. 

FIGURE 1 - TYPICAL CHARACTERIS"FICS 
STATIC FORWARD VOLTAGE 

100 0 

0 

0 

0 

O. 1 

TA +25°C I---

o 2 0 4 0 6 0 B 1.0 1 2 1.4 1 6 1 B 

Vf. fORWARD VOLTAGE (VOLTS) 

FIGURE 2 - FORWARD RECOVERY TIME AND PEAK FORWARD 
VOLTAGE TEST CIRCUIT AND WAVEFORMS 

lOU 

TPm o---""'-~r----o Tpout 

tr";;; 15 ns 
Duty Cycle ~ 2 0% 
PW=150ns 

t r >;;; 4 5 ns 

DUT RIn~10MU 
em ~ 50 pF 

I 
I VF 

I~ 

~-
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MAD130, MAD1103, MAD1107, MAD1108 

FIGURE 3 - REVERSE RECOVERY TIME TEST CIRCUIT AND WAVEFORMS 

005~F 

O~ TPln~k 12mH 
0001 ",F 

Ad/uSt amphtude for 
"~ 200 mAde to 50D mAde , 
Input Pulse Adjust tor IR = IF 

If:$i;; 10 ns 
Duty Cycle';;;; 1 0% 
PW=200ns -= 
lout = 50 ohms 

t r ';;;04 ns 
Rln = 50 ohms 
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MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted) 

Rating Symbol Value 

Peak Reverse Voltage(l) VRM 50 

Steady-State Reverse VR 40 
Voltage 

Peak Forward Current at IFM 500 
(or below) 25°C Free-Air 
Temperature(1 ) 

Continuous Forward IF 400 
Current at (or below) 
25°C Free-Air 
Temperature(2) 

Continuous Power Po 600 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 

MAD1109C MAD1109F MAD1109P 

Operating Free-Air TA -65 to + 175 -65to +150 -55to +125 
Temperature Range 

Storage Temperature 
Range 

Tstg -65to +200 -65to +175 -55to +150 

Lead Temperature 1116" 260 
from Case for 10 
Seconds 

NOTES: 
1. These values apply for PW '" 100 p.s, duty cycle", 20%. 
2. Derate linearity to + 125°C temperature at rate of 3.2 mAf'C. 
3. Derate linearity to +125°C temperature at rate of 6.0 mWrC. 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Reverse Breakdown Voltage(4) (lR = 10/LA) 

Static Reverse Current (VR = 40 V) 

Static Forward Voltage (IF = 100 mAl 
(IF = 500 mA)(5) 

Peak Forward Voltage(6) (IF = 500 mAl 

SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic 

Forward Recovery Time, Figure 3 (IF = 500 mAl 

Reverse Recovery Time, Figure 2 
(IF = 200 mA. IRM = 200 mA, RL = 100 n, irr = 20 mAl 

NOTES: 

Unit 

Vdc 

Vdc 

mA 

mA 

mW 

°c 

°c 

°c 

MADll09 

-1 

MAD1109C 
CERAMIC 

CASE 632-08 
TO-116 

MAD1109F 
FLAT CERAMIC 
CASE 607-05 ~ 

14 

MAD1109P 
PLASTIC 

CASE 646-06 
TO-116 

MONOLITHIC DIODE ARRAYS 

PIN CONNECTION DIAGRAM 

1111111 
Limit 

Symbol Min Max Unit 

V(BR) 50 - Vdc 

IR - 0.1 /LA 

VF - 1.1 Vdc 
- 1.5 

VFM - 5.0 Vdc 

Symbol Typical Value Unit 

tfr 20 ns 

trr 8.0 ns 

4. This parameter must be measured using pulse techniques. PW = 100 ILs, duty cycle ~ 20%. 
5. This parameter is measured using pulse techniques. PW = 300 p.s, duty cycle'" 2.0%. Read time is 90 p.s from the leading edge of the 

pulse. 
6. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle'" 2.0%, pulse rise time'" 10 ns. The 

total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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E. 
..... z 
~ a: 
:::> 
u 
c 

~ a: 
~ 
.>? 

• 

1000 

100 

TA + 25°C = 1== 
10 

0.1 
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 

VF. FORWARD VOLTAGE (VOLTS) 

Figure 1. Typical Characteristics 
Static Forward Voltage 

MAD1109 

100 
TPin o--'WI,.-..... ----o Tpoul 

tr ~ 15ns 
DUTY CYCLE", 2% 
PW=150ns 

OUT 
If'" 4.5 ns 
Rin '" 1 MO 
Cin"'5pF 

Figure 2. Forward Recovery Time and Peak Forward 
Voltage Test Circuit and Waveforms 

SCOPE 
T 0.05 p.F 

~ POin __ -1I---4I ___ '-_~-4~H-4-~--6 

ADJUST AMPLITUDE FOR 
IF = 200 mAde To 500 mAde 6 k 'f'" 0.4 ns INPUT PULSE 

'f'" 1 ns 
DUTY CYCLE", 1% 
PW = 200 ns 
loUI = 50 OHMS 

0.001 p.F Rin = 50 OHMS 

Figure 3. Reverse Recovery Time Test Circuit and Wav,eforms 
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MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Peak Forward Surge Current IFM(surae) 

THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation FR-5 Board," Po 
TA ~ 25·C 
Derate above 25·C 

Thermal Resistance Junction to Ambient ReJA 

Total Device Dissipation Po 
Alumina Substrate,"" TA ~ 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient ROJA 

Junction and Storage Temperature TJ, Tstg 

"FR-5 ~ 1.0 x 0.75 x 0.062 in. 
""Alumina ~ 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MBAV70L ~ A4X 

Value Unit 

70 Vde 

200 mAde 

500 mAde 

Max Unit 

225 mW 

1.8 mWf'C 

556 ·CIW 

300 mW 

2.4 mWf'C 

417 °CIW 

-55to +150 ·C 

MBAV70L 
CASE 318·03. STYLE 9 

SOT-23 (TO-236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

SWITCHING DIODE 

ELECTRICAL CHARACTERISTICS (T A ~ 25·C unless otherwise noted.) 

Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 
(I(BR) ~ 100 !LAde) 

Reverse Voltage Leakage Current IR 
(VR ~ 25 Vde, T J ~ 150·C) 
(VR ~ 70 Vde) 
(VR ~ 70 Vde, T J ~ 150·C) 

Diode Capacitance CD 
(VR ~ 0, I ~ 1.0 MHz) 

Forward Voltage VF 
(IF ~ 1.0 mAde) 
(IF ~ 10 mAde) 
(IF ~ 50 mAde) 
(IF ~ 100 mAde) 

Reverse Recovery Time trr 
(IF ~ IR ~ 10 mAde, VR ~ 5.0 Vde, IR(REC) ~ 1.0 mAde) (Figure 1) 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

)NPUT S)GNAL 

)F t __ 

Min Max 

>70 -

- 60 
- 5.0 
- 100 

- 1.5 

- 715 
- 855 
- 1100 
- 1300 

- 15 

OUTPUT PULSE 

Unit 

Vde 

p.Ade 

pF 

mVde 

ns 

(IF ~ IR ~ 10 mA; measured 
at iR(REC) ~ 1.0 mAl 

Noles: 1. A 2.0 kG variable resislor adjusled lor a Forward Currenl (IF) 01 10 mAo 
2. Inpul pulse is adjusled so IR(peak) is equal to 10 mA. 
3. tp» Irr 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 50 Vdc 

Forward Current IF 200 mAde 

Peak Forward Surge Current IFM(surge) 500 mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' PD 225 mW 
TA = 25"C 
Derate above 25"C 1.8 mWrC 

Thermal Resistance Junction to Ambient ROJA 556 "CIW 

Total Device Dissipation PD 300 mW 
Alumina Substrate," TA = 25"C 
Derate above 25°C 2.4 mWrC 

Thermal Resistance Junction to Ambient R8JA 417 'CIW 

Junction and Storage Temperature TJ, Tstg -55to +150 "C 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
<'Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MBAV74L = JAX 

ELECTRICAL CHARACTERISTICS (TA = 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(i(BRI = 5.0 !<Adc) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc, TJ = 125"C) 
(VR = 50 Vdc) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(iF = 100 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde, measured at IR = 1.0 mA, RL = 100.0) 

MBAV74L 
CASE 318·03, STYLE 9 

SOT-23 (TO·236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

SWITCHING DIODE 

Symbol Min Max 

V(BR) 50 -

IR 
- 100 
- 0.1 

CD - 2.0 

VF - 1.0 

trr - 15 
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Unit 

Vdc 

!<Adc 

pF 

Vdc 

ns 



MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surae) 200 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,* Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient R8JA 556 

Total Device Dissipation Po 300 
Alumina Substrate,** TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient R8JA 417 

Junction and Storage Temperature TJ, Tstg -55 to + 150 

*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MBAW56L = A1X 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 100/LAde) 

Reverse Voltage Leakage Current 
(VR = 25 Vde, T J = 150'C) 
(VR = 70 Vde) 
(VR = 70 Vde, T J = 150'C) 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 1.0 mAde) 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, IR(REC) = 1.0 mAde) (Figure 1) 

Unit 

Vde 

mAde 

mAde 

Unit 

mW 

mWI'C 

'CIW 

mW 

mWI'C 

'CIW 

'C 

Symbol 

V(BR) 

IR 

CD 

VF 

trr 

MBAW56L 
CASE 318-03. STYLE 12 

SOT-23ITO-236AB) 

Cathode 

A~0!-f'---*-:: : : 
Cathode 

DUAL 
SWITCHING DIODES 

Min Max 

70 -

- 30 
- 2.5 
- 50 

- 2.5 

- 715 
- 855 
- 1100 
- 1300 

- 15 

Unit 

Vde 

!LAde 

pF 

mVde 

ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

IF 
1_ 

Noles: 1. A 2.0 k!l variable resistor adjusted for a Forward Currenl (IF) of 10 rnA. 
2. Inpul pulse is adjusled so IR(peak) is equal to lOrnA. 
3. Ip» I" 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

at iR(REC) = 1.0 rnA) 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

· .. designed primarily for UHF mixer applications but suitable also for use 
in detector and ultra-fast switching circuits. Supplied in an inexpensive plas
tic package for low-cost, high-volume consumer requirements. Also avail
able in Surface Mount package. 

• The Rugged Schottky Barrier Construction Provides Stable Characteristics 
by Eliminating the "Cat-Whisker" Contact 

• Low Noise Figure - 6.0 dB Typ @ 1.0 GHz 

• Very Low Capacitance - Less Than 1.0 pF @ Zero Volts 

• High Forward Conductance - 0.5 Volts (Typ) @ IF = 10 rnA 

MAXIMUM RATINGS 

MBD1011 MMBD101,L 

Rating Symbol Value Unit 

Reverse Voltage VR 4.0 Volts 

Forward Power Dissipation @ TA ~ 25"C PF 280 
I 

200 mW 
Derate above 25'C 2.8 2.0 mW/,C 

Junction Temperature TJ +125 "C 

Storage Temperature Range Tstg -55 to +150 "C 

DEVICE MARKING 

I MMBD101L ~ 4M 

ELECTRICAL CHARACTERISTICS (TA ~ 25"C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR ~ 1OILA) 

Diode Capacitance CT 
(VR ~ O. f ~ 1.0 MHz. Note 1) 

Forward Voltage (1) VF 
(IF ~ 10 rnA) 

Noise Figure NF 
(f ~ 1.0 GHz. Note 2) 

Reverse Leakage IR 
(VR ~ 3.0 V) 

MBD10l 
MMBD101L 

CASE 182-02, STYLE 1 ! 
(TO-226AC) 

C.t~o~. 14 ~n~d. 1 2 

CASE 318-03, STYLE 8 1.3 
SOT-23 (TO-236AB) , 

Min 

4.0 

-

-

-

-

2 

3 0--1<141-----<0 1 
Cathode Anode 

SILICON HOT -CARRIER 
UHF MIXER DIODES 

Typ Max 

5.0 -

O.BB 1.0 

0.5 0.6 

6.0 -

0.02 0.25 

Unit 

Volts 

pF 

Volts 

dB 

!LA 
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FIGURE 1 - REVERSE LEAKAGE 

MBD1 01, MMBD1 01 L 

TYPICAL CHARACTERISTICS 
ITA = 25°C unless noted) 

100 

50 

FIGURE 2 - FORWARD VOLTAGE 

r--- -VR 3.0Vdc 

" 20 / 

./ 

~ 

30 40 50 60 70 80 90 100 110 120 130 

TA, AMBIENT TEMPERATURE (OC) 

FIGURE 3 - CAPACITANCE 

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

--- --r--

o 1.0 2.0 3.0 4.0 

VR, REVERSE VOLTAGE (VOLTS) 

FIGURE 5 - NOISE FIGURE TEST CIRCUIT 

LOCAL 
OSCILLATOR 

~ 
UHF DIODE IN 

NOISE SOURCE -- TUNED r-
H.P.349A MOUNT 

t 
NOISE IF AMPLIFIER 

FIGURE METER - NF=1.5dB I-
H.P.342A f = 30 MHz 

1 
>- 10 

~ 5.0 
0: 
:::> 
~ 2.0 
0: 

~ 1.0 

S? 0.5 

0.2 
0.1 

11 

10 

9.0 

~ 8.0 

~ 7.0 

'" m 6.0 

~ 5.0 

~ 4.0 

3.0 

2.0 
1.0 

0.2 

0.1 

/ 

0.3 0.4 0.5 0.6 0.7 

VF, FORWARD VOLTAGE (VOLTS) 

FIGURE 4 - NOISE FIGURE 

"- ~OC~L ~S~IL~~~~ FRE~UE~Cyl = 11.0 riH; 
(Test circuit Figure 5) 

I', 

f".... 
....... 

0.2 0.5 1.0 2.0 5.0 10 

PLQ, LOCAL OSCILLATOR POWER (mW) 

NOTES ON TESTING AND SPECIFICATIONS 

Note 1 - Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscil
lator (LO) frequency of 1.0 GHz. The LO power is 
adjusted for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 
MHz, see Figure 5. 

Note 3 - LS is measured on a package having a short instead 
of a die, using an impedance bridge (Boonton Radio 
Model 250A RX Meter). 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

· .. designed primarily for high-efficiency UHF and VHF detector applica
tions. Readily adaptable to many other fast switching RF and digital applica
tions. Supplied in an inexpensive plastic package for low-cost, high-volume 
consumer and industrial/commercial requirements. Also available in Surface 
Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics By 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier Lifetime - 15 ps (Typ) 

• Very Low Capacitance - 1.5 pF (Max) @ VR = 15 V 

• Two Voltage Ranges - 20 V - MBD201, MMBD201 
- 30 V - MBD301, MMBD301 

• Low Reverse Leakage -IR = 10 nAdc (Typ) MBD201, MMBD201L 
= 13 nAdc (Typ) MBD301, MMBD301L 

MAXIMUM RATINGS (TJ = 125·C unless otherwise noted) 

Rating 

Reverse Voltage MBD201 
MBD301 

Forward Power Dissipation @ TA = 25·C 
Derate above 25·C 

Operating Junction Temperature Range 

Storage Temperature Range 

DEVICE MARKING 

I MMBR201L = 4S 
MMBR301L = 4T 

Symbol 

VR 

PF 

TJ 

Tstg 

MBD20~ I MMBD201L 
MBD301 MMBD301L 

Value 

20 
30 

280 

I 
200 

2.8 2.0 

-55to +125 

-55to +150 

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

Characteristic 

Reverse Breakdciwn Voltage 
(lR = 10 p.A) MBD201, MMBD201L 

MBD301, MMBD301L 

Total Capacitance, Figure 1 
(VR = 15 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 
(IF = 5.0 mA, Krakauer Method) 

Reverse Leakage, Figure 3 
(VR=15V) MBD201, MMBD201L 
(VR = 25 V) MBD301, MMBD301L 

Forward Voltage, Figure 4 
(IF = 10 mAde) 

Unit 

Volts 

mW 
mWf'C 

·C 

·C 

Symbol 

V(BR)R 

CT 

7 

IR 

VF 

MBD201 MMBD201L 
MBD301 MMBD301L 

CASE 182-02, STYLE 1 ! 
(TO-226AC) 

Cat~o~. 14 ~n~de 1 2 

CASE 318-03, STYLE 8 1.3 
SOT-23 (TO-236AB) UJI' 

2 

3 0>---+14 .... -0 1 
Cathode Anode 

20-30 VOLTS 
SILICON HOT-CARRIER 

DETECTOR AND SWITCHING 
DIODES 

Min Typ Max Unit 

Volts 
20 - -
30 - -
- 0.9 1.5 pF 

- 15 - ps 

nAdc 
- 10 200 
- 13 200 

- 0.5 0.6 Vdc 
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SILICON HOT·CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 

• •. designed primarily for high-efficiency UHF and VHF detector applica
tions. Readily adaptable to many other fast switching RF and digital 
applications. Supplied in an inexpensive plastic package for low-cost, high
volume consumer and industrial/commercial requirements. Also available in 
Surface Mount package. 

• The Schottky Barrier Construction Provides Ultra-Stable Characteristics by 
Eliminating the "Cat-Whisker" or "S-Bend" Contact 

• Extremely Low Minority Carrier lifetime - 15 ps (Typ) 

• Very Low Capacitance - 1.0 pF @ VR = 20 V 

• High Reverse Voltage - to 70 Volts 

• Low Reverse Leakage - 200 nA (Max) 

MAXIMUM RATINGS (TJ = 125"C unless otherwise noted) 

Rating 

Reverse Voltage MBD501 
MBD701 

Forward Power Dissipation @ T A = 25"C 
Derate above 25"C 

Operating Junction Temperature Range 

Storage Temperature Range 

DEVICE MARKING 

I MMBD501L = 5F 
· MMBD701L = 5H 

Symbol 

VR 

PF 

TJ 

Tsta 

MBD50~ I MMBD501L 
MBD701 MMBD701L 

Value 

50 
70 

280 I 200 
2.8 2.0 

-55to +125 

-55 to +150 

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

Characteristic 

Reverse Breakdown Voltage 
(lR = 10 !LAde) MBD501, MMBD501L 

MBD701, MMBD701L 

Total Capacitance, Figure 1 
(VR = 20 Volts, f = 1.0 MHz) 

Minority Carrier Lifetime, Figure 2 
(IF = 5.0 rnA. Krakauer Method) 

Reverse Leakage, Figure 3 
(VR = 25 V) MBD501, MMBD501L 
(VR = 35 V) MBD701, MMBD701L 

Forward Voltage, Figure 4 
(IF = 10 mAde) 

Unit 

Volts 

mW 
mWrC 

"C 

"C 

Symbol 

V(BR)R 

CT 

T 

IR 

VF 

MBDSOI MMBDS01L 
MBD701 MMBD701L 

CASE 182·02, STYLE 1 ! 
(TO·226AC) 

2 0 I- 01 12 
Cathode Anode 

CASE 318·03, STYLE 8 •. 3 

SOT·23 (TO·236AB) 1 U)JI 
3 0 I_ 01 

2 

Cathode Anode 

50-70 VOLTS 
HIGH·VOLTAGE 

SILICON HOT·CARRIER 
DETECTOR AND SWITCHING 

DIODES 

Min Typ Max Unit 

Volts 
50 - -
70 - -
- 0.5 1.0 pF 

- 15 - ps 

nAde 
- 7.0 200 
- 9.0 200 

- 1.0 1.2 Vde 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Voltage VRM 50 Vdc 

Steady·State Reverse Voltage VR 40 Vdc 

Peak Forward Current 25°C IFM 500 mA 

Continuous Forward Current IF 400 mA 

Power Dissipation Po 500 mW 
Derating Factor 4.0 mWfC 

Operating Temperature TA -65 to +125 °C 

Storage Temperature Range Tst!! -65 to + 150 °C 

SO-14 Pin Diagram 

1. MMAD130 5. 
Dual 10 JImmH: 8 Diode 
Diode .903414567

2 

Array 
Array (Common 

Anode) 

2. ei) MMAD1103 6. 
16 Dual 8 
Diode ~ftffHft Diode 
Array Array 

~ NC Pin 4, 6, 10, 13 

3. MMAD1104 7. 
Dual 8 ]Be[ 7 Diode 
Diode Array 
Array (lndependant) 

NC Pin 4, 11 

MMAD130 
MMADII03 

thru 
MMADII07 
MMADII09 

CASE 7S1A-02 
SO-14 

MONOLITHIC 
DIODE ARRAYS 

MMAD1106 

@llllllIl 
NC Pin 1,4,6,10,13 

MMAD1107 

Jmm( 
NC Pin 6, 13 

MMAD1109 

1111111 
Device Description Diagram 

4. MMAD1105 MMAD130 Dual 10 Diode Array 1 

8 Diode @11111111 
MMAD1103 16 Diode Array 2 

Array MMAD1104 Dual 8 Diode Array 3 

(Common MMAD1105 8 Diode Array Common Cathode 4 
Cathode) MMAD1106 8 Diode Array Common Anode 5 

NC Pin 1,4,6, 10, 13 
MMAD1107 Dual 8 Diode Array 6 

MMAD1109 7 Diode Array 7 
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MMAD130 Series 

ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Limit 

Characteristic Symbol Min Max Unit 

Reverse Breakdown Voltage (1) (lR = 10"A) V(BR) 50 - Vdc 
Static Reverse Current (VR = 40 V) IR - 0.1 "A 

Static Forward Voltage (IF = 100 mAl VF - 1.1 Vdc 
(IF = 500 mAl (2) - 1.5 

Peak Forward Voltage (3) (IF = 500 mAl VFM - 5.0 Vdc 

SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 

Characteristic Symbol Typical Value Unit 

Forward Recovery Time (IF = 500 mAl tfr 20 ns 

Reverse Recovery Time trr 8.0 ns 
(IF = 200 mAo IRM = 200 mAo RL = 100 n. irr = 20 mAl 

1. This parameter must be measured using pulse techniques. PW = 100 fAS. duty cycle'" 20%. 
2. This parameter is measured using pulse techniques. PW = 300 fAs. duty cycle'" 2.0%. Read time is 90 fAS from the leading edge of the 

pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns. duty cycle", 2.0%. pulse rise time'" 10 ns. The total 

capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Peak Reverse Voltage VRM SO Vdc 

Steady-State Reverse Voltage VR 40 Vdc 

Peak Forward Current 2S'C IFM SOO mA 

Continuous Forward Current IF 400 mA 

Power Dissipation Po SOO mW 
Derating Factor 4.0 mWFC 

Operating Temperature TA -6S to +125 'C 

Storage Temperature Range Tsta -65 to + 1S0 'C 

ELECTRICAL CHARACTERISTICS (@ 2S'C Free-Air Temperature) 

Characteristic Symbol 

Reverse Breakdown Voltage (1) V(BR) 
(lR ~ 10 pA) 

Static Reverse Current IR 
(VR ~ 40 V) 

Static Forward Voltage VF 
(IF ~ 100 mAl 
(IF ~ SOO mAl (2) 

Peak Forward Voltage (3) VFM 
(IF ~ SOO mAl 

SWITCHING CHARACTERISTICS (@ 2S'C Free-Air Temperature) 

Characteristic Symbol 

Forward Recovery Time tfr 
(IF ~ SOO mAl 

Reverse Recovery Time trr 
(IF ~ 200 mA, IRM ~ 200 mA, RL ~ 100 n, irr ~ 20 mAl 

1. This parameter must be measured uSing pulse techniques. PW ~ 100 p.s, duty cycle", 20%. 

MMADll08 
CASE 7518-03 

50-16 

III1!111 
Pin Connections Diagram 

MONOLITHIC 
DIODEARRAV 

Limit 

Min Max 

50 -

- 0.1 

- 1.1 
- 1.S 

- S.O 

Typical Value 

20 

8.0 

Unit 

Vdc 

pA 

Vdc 

Vdc 

Unit 

ns 

ns 

2. This parameter is measured using pulse techniques. PW ~ 300 p.s, duty cycle'" 2.0%. Read time is 90 P.s from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW ~ lS0 ns, duty cycle", 2.0%, pulse rise time'" 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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MMBD101L For Specifications, See MBDl01L 

MMBD201L MMBD301L For Specifications, 
, See MBD201L 

MAXIMUM RATINGS 

Rating 

Continuous Reverse Voltage 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25°C 
Derate above 25°C 1.8 

Thermal Resistance Junction to Ambient R6JA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ, TstQ -55to +150 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

MMBD352L = 5G; MMBD353L = 4F 

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

Characteristic 

OFF CHARACTERISTICS 

Forward Voltage 
(IF = 10 mAl 

Reverse Voltage Leakage Current 
(VR = 3.0 V) 
(VR = 4.0 V) 

Capacitance 
(VR = 0 V, f = 1.0 MHz) 

Unit 

mW 

mWrC 

°CIW 

mW 

mWrC 

°CIW 

°C 

Symbol 

VF 

IR 

C 

MMBD352L 
CASE 318-03, STYLE 11 

SOT-23 (TO-236AB) 

Anode 

10 ~I J Cathode 
~I 02 

3 
Cathode/Anode 

MMBD353L 
CASE 318-03, STYLE 19 

SOT-23 (TO-236AB) 
Anode 

2 0 I" 
Cathode 

01 

3 
Cathode/Anode 

DUAL HOT CARRIER 
MIXER DIODES 

Min Max 

- 0.60 

- 0.25 
- 10 

- 1.0 

Unit 

V 

pA-

pF 
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MMBDS01L, MMBD701L For Specifications, 

See MBD501L Data. MMBD914L MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc CASE 318-03, STYLE 8 
Forward Current IF 200 mAde SOT-23 (TO-236AB) 
Peak Forward Surge Current IFM(surgel 500 mAde 

THERMAL CHARACTERISTICS 1~3 Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,' Po 225 mW 2 
TA = 25·C 
Derate above 25·C 1.8 mWrC 

Thermal Resistance Junction to Ambient R8JA 556 ·CIW 
30 I" 01 

Total Device Dissipation Po 300 mW Cathode Anode 
Alumina Substrate," TA = 25·C 
Derate above 25·C 2.4 mWrC 

Thermal Resistance Junction to Ambient 417 ·CIW R8JA 
Junction and Storage Temperature TJ, Tstg -55 to +150 ·C HIGH-SPEED SWITCHING DIODE 

'FR-5 = 1.0 x 0.75 x 0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD914XL = 50 

ELECTRICAL CHARACTERISTICS (TA = 25·C unless otherwise noted.1 

I Characteristic Symbol 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BRI 
(lR = 100 "Adcl 

Reverse Voltage Leakage Current IR 
(VR = 20 Vdcl 
(VR = 75 Vdcl 

Diode Capacitance CT 
(VR = 0, f = 1.0 MHzl 

Forward Voltage VF 
(IF = 10 mAdcl 

Reverse Recovery Time trr 
(IF = IR = 10 mAdel (Figure 11 

FIGURE 1 - Recovery Time EqUivalent Test Circuit 

INPUT SIGNAL 

Min Max Unit 

100 - Vdc 

- 25 nAdc 
- 5.0 ,..Adc 

- 4.0 pF 

- 1.0 Vdc 

- 4.0 ns 

OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 kG variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 rnA. 
3. Ip» trr 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage MMBD2836XL VR 75 Vde 
MMBD2835XL 35 

Forward Current IF lOa mAde 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Total Device Dissipation FR-5 Board,* Po 225 mW 
TA = 25'C 
Derate above 25'C 1.8 mWf'C 

Thermal Resistance Junction to Ambient R6JA 556 'CIW 

Total Device Dissipation Po 300 mW 
Alumina Substrate, ** T A = 25'C 
Derate above 25'C 2.4 mWf'C 

Thermal Resistance Junction to Ambient R6JA 417 'CIW 

Junction and Storage Temperature TJ, Tstg -55 to +150 'C 

*FR-5 = 1.0 x 0.75 x 0.062 In. 

""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD2835XL = A3X; MMBD2836XL = A2X 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(lR = 100 pAde) MMBD2835XL 

MMBD2836XL 

Reverse Voltage Leakage Current 
(VR = 30 Vde) MMBD2835XL 
(VR = 50 Vde) MMBD2836XL 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Symbol 

V(BR) 

IR 

CT 

VF 

trr 

MMBD2835XL 
MMBD2836XL 

CASE 318-03, STYLE 12 
SOT-23 (TO-236AB) 

Cathode 

DUAL 
SWITCHING DIODES 

Min Max 

35 -
75 -

Unit 

Vde 

nAde 
- 100 
- 100 

- 4.0 pF 

Vde 
- 1.0 
- 1.0 
- 1.2 

- 15 ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

)NPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 rnA; measured 

al iR(REC) = 1.0 mAl 

Noles: 1. A 2.0 kn variable resistor adjusted for a Forward Currenl (IF) of lOrnA. 
2. Inpul pulse is adjusled so IR(peak) is equal to lOrnA. 
3. Ip» Ir, 
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MAXIMUM RATINGS 

Rating Symbol Value 

Peak Reverse Voltage VRM 75 

D.C. Reverse Voltage MMBD2837XL VR 30 
MMBD2838XL 50 

Peak Forward Current IFM 450 
300 

Average Rectified Current 10 150 
100 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ, Tsta -55 to +150 

'FR-5 = 1.0 x 0.75 x 0.062 on. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD2837XL = A5X; MMBD2838XL = A6X 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Ch.racteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 100 /lAde) MMBD2837XL 

MMBD2838XL 

Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2837XL 
(VR = 50 Vdc) MMBD2838XL 

Diode Capacitance 
(VR = 0, f = 1.0 MHz) 

Forward Voltage 
(IF = 10 mAde) 
(IF = 50 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Unit 

Vde 

Vde 

mAde 

mAde 

Unit 

mW 

mWf'C 

'c/w 

mW 

mWf'C 

'CIW 

'C 

Symbol 

V(BR) 

IR 

CT 

VF 

trr 

MMBD2837XL 
MMBD2838XL 
CASE 318-03, STYLE 9 

SOT-23 (TO-236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

DUAL 
SWITCHING DIODES 

Min Max 

35 -
75 -

Unit 

Vde 

/lAde 
- 0.1 
- 0.1 

- 4.0 pF 

Vdc 
- 1.0 
- 1.0 
- 1.2 

- 15 ns 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 

(IF = IR = 10 rnA; measured 
at iR(REC) = 1.0 rnA) 

Notes: 1. A 2.0 kG variable resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IR(peak) is equal to lOrnA. 
3. tp» trr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(surge) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board," Po 225 
TA = 25'C 
Derate above 25'C 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate,"" T A = 25'C 
Derate above 25'C 2.4 

Thermal Resistance Junction to Ambient ReJA 417 

Junction and Storage Temperature TJ, Tstg -55 to +150 

"FR-5 = 1.0 x 0.75 x 0.062 m. 
""Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD6050XL = 5A 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 100 pAdc) 

Reverse Voltage Leakage Current 
(VR = 50 Vdc) 

Forward Voltage 
(IF = 1.0 mAde) 
(IF = 100 mAde) 

Reverse Recovery Time 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Capacitance 
(VR = 0) 

Unit 

Vdc 

mAde 

mAde 

Unit 

mW 

mWrC 

'CIW 

mW 

mWrC 

'CIW 

'c 

Symbol 

V(BR) 

IR 

VF 

trr 

C 

MMBD60S0L 
CASE 318-03, STYLE 8 

SOT-23 (TO-236ABI 

3 0--+14t--0 1 
Cathode Anode 

SWITCHING DIODE 

Min Max 

70 -

Unit 

Vdc 

- 0.1 pAdc 

Vdc 
0.55 0.7 
0.85 1.1 

- 4.0 ns 

- 2.5 pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 
(IF = IA = 10 rnA; measured 

at iA(AEC) = 1.0 rnA) 

Notes: 1. A 2.0 kO variable. resistor adjusted for a Forward Current (IF) of lOrnA. 
2. Input pulse is adjusted so IA(peak) is equal to 10 rnA. 
3. tp» trr 
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MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 70 

Forward Current IF 200 

Peak Forward Surge Current IFM(sur!le) 500 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max 

Total Device Dissipation FR-5 Board, * Po 225 
TA = 25°C 
Derate above 25°C ' 1.8 

Thermal Resistance Junction to Ambient ReJA 556 

Total Device Dissipation Po 300 
Alumina Substrate, ** T A = 25°C 
Derate above 25°C 2.4 

Thermal Resistance Junction to Ambient R6JA 417 

Junction and Storage Temperature TJ, Tst!l -55to +150 

*FR-5 = 1.0 x 0.75 x 0.06210. 
*"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD6100L = 5B 

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

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) = 100 !lAde) 

Reverse Voltage Leakage Current 
(VR = 5OVdc) 

Forward Voltage 
(IF = 1.0 mAde) 
(IF = 100 mAde) 

Reverse Recovery Ti me 
(IF = IR = 10 mAde, iR(REC) = 1.0 mAde) (Figure 1) 

Capacitance 
(VR = 0) 

Unit 

Vdc 

mAde 

mAde 

Unit 

mW 

mWfC 

°CfW 

mW 

mWfC 

°CIW 

°C 

Symbol 

V(BR) 

IR 

VF 

trr 

C 

MMBD6100L 

CASE 318-03, STYLE 9 
SOT -23 (TO-236AB) 

Anode 

30-1 
Cathode :: :: 

Anode 

DUAL 
SWITCHING DIODES 

Min Max 

70 -

- 0.1 

0.55 0.7 
0.85 1.1 

- 15 

- 2.5 

Unit 

Vdc 

!lAde 

Vdc 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL OUTPUT PULSE 

(IF = IR = 10 mA; measured 
at iR(REC) = 1.0 mAl 

Notes: 1. A 2.0 k(} variable resistor adjusted for a Forward Current (IF) of 10 mAo 
2. Inpul pulse is adjusted so IR(peak) is equal to 10 mA. 
3. Ip» Irr 
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MAXIMUM RATINGS 
Rating Symbol Value 

Reverse Voltage VR 100 

Forward Current IF 200 

Peak Forward Surge Current IFM(surae) 500 

THERMAL CHARACTERISTICS 
Characteristic Symbol Max 

Total Device Dissipation FR-5 Board,' Po 225 
TA ~ 25"C 
Derate above 25"C 1.8 

Thermal Resistance Junction to Ambient ROJA 556 

Total Device Dissipation Po 300 
Alumina Substrate," TA ~ 25"C 
Derate above 25"C 2.4 

Thermal Resistance Junction to Ambient ROJA 417 

Junction and Storage Temperature TJ, Tsta -55to +150 

'FR-5 ~ 1.0 x 0.75 x 0.062 In. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

DEVICE MARKING 

I MMBD7000L ~ 5C 

ELECTRICAL CHARACTERISTICS (TA ~ 25"C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(I(BR) ~ 100 !LAde) 

Reverse Voltage Leakage Current 
(VR ~ 50 Vde) 
(VR ~ 100 Vde) 
(VR ~ 50 Vde, 125"C) 

Forward Voltage 
(IF ~ 1.0 mAde) 
(IF ~ 10 mAde) 
(IF ~ 100 mAde) 

Reverse Recovery Time 
(IF ~ IR ~ 10 mAde) (Figure 1) 

Capacitance 
(VR ~ 0) 

Unit 

Vdc 

mAde 

mAde 

Unit 

mW 

mWFC 

"CIW 

mW 

mW/"C 

"CIW 

"C 

Symbol 

V(BR) 

IR 
IR2 
IR3 

VF 

trr 

C 

MMBD7000L 

CASE 318-03, STYLE 11 
SOT-23 (TO-236AB) 

Anode 
10 

Cathode 
~I 02 

Cathode/Anode 

DUAL 
SWITCHING DIODES 

Min Max 

100 -

- 0.30 
- 0.5 
- 100 

0.55 0.7 
0.67 0.82 
0.75 1.1 

- 4.0 

- 1.5 

Unit 

Vdc 

!LAde 

Vde 

ns 

pF 

FIGURE 1 - Recovery Time Equivalent Test Circuit 

INPUT SIGNAL 

Notes: 1. A 2.0 kO variable resistor adjusted for a Forward Current (IF) of 10 rnA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 rnA. 
3. tp oIrr 

OUTPUT PULSE 
(IF ~ IR ~ 10 mA; measured 

at iR(REC) ~ 1.0 rnA) 
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SILICON EPICAP DIODES 

... designed in the Surface Mount package for general frequency control 
and tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

• Controlled and Uniform Tuning Ratio 

MAXIMUM RATINGS 

MV105GIMMBV105G,L 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Device Dissipation @ T A = 25·C PD 280 

I 
200 mW 

Derate above 25·C 2.8 2.0 mWFC 

Junction Temperature TJ +125 ·C 

Storage Temperature Range Tsta -55to +150 ·C 

DEVICE MARKING 

I MMBV105GL = 4E 

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

Characteristic 

Reverse Breakdown Voltage 
(lR = 10 !-lAde) 

Reverse Voltage Leakage Current 
(VR = 28 V) 

Cr Q 
Device VR = 2S Vdc f = 100 MHz 
Type pF VR = 3.0 V 

Min I Max Typ 

MMBV105G 1.8 I 2.8 150 

FIGURE 1 - DIODE CAPACITANCE 

20 

18 -.... 
- 16 

w 
14 u 

z 
~ 12 
U 

~ 10 

w 80 
" " c; 60 

~ 

'" ...... 

!".. 
TA" 25°C I'-

S 40 

2.0 

f '" 1 0 MHz 

II 

II o 
03 05 10 20 30 50 10 

VR. REVERSE VOL TAGE (VOLTS) 

MMBVI0SGL 
MVI0SG 

CASE 182-02. STYLE 1 / 
(TO-226AC) 

1 
2o---j~1 

Cathode Anode 2 

CASE 318.03. STYLE 8 1 ~3 
SOT·23 (TO-236AB) '.!J1J 

2 
3o---j~1 

Cathode Anode 

Symbol 

V(BR)R 

IR 

I'--

20 30 

30 VOLTS 
VOLTAGE VARIABLE 

CAPACITANCE DIODES 

Min Max Unit 

30 - Vdc 

- 50 nAdc 

C3-'C2S 

Min I Max 

4.0 I 6.0 
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MMBV105GL, MV105G 

FIGURE 2 - FIGURE OF MERIT FIGURE 3 - DIODE CAPACITANCE 

160 

140 

0 

01--r- TA O ;50 C / 
V 

104 

~ 103 

~ 101 
~ f-

120 0 
a; 
~ 100 0 
~ 
0 
w 
~ 

=> 
'" c;: 
d 

80 0 

60 0 

40 0 

200 --o 
o 40 

I" 100 MHl 

/ 
/ 

/V 

V 
./ 

V 

8.0 12 16 20 24 28 32 

o VA ~30Vdc 

----
V 

~ 101 
w 
u 

:i 100 
f-

~ 099 
~ 
~ 098 
o 

~097 
096 

./ 

-75 -50 -25 

---~ ..... V 

+25 +50 +75 +100 +125 

VR. REVERSE VOL TAGE (VOL TS) TA. AMBIENT TEMPERATURE (OCI 
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SILICON EPICAP DIODE 

· .. designed for general frequency control and tuning applications; provid
ing solid-state reliability in replacement of mechanical tuning methods. 

• High Q with Guaranteed Minimum Values at VHF Frequencies 

• Controlled and Uniform Tuning Ratio 

• Available in Surface Mount Package 

MAXIMUM RATINGS 

MV209 I MMBV209,L 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Volts 

Forward Current IF 200 mA 

Forward Power Dissipation @TA = 25°C Po 280 

I 
200 mW 

Derate above 25'C 2.8 2.0 mWf'C 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -55 to + 150 °c 

DEVICE MARKING 

I MMBV109L = 4A 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 /LAdc) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc) 

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

MMBVI09L 
MV209 

CASE 182-02, STYLE 1 
(TO-226AC) 

2 0--1 I+--<> 1 
Cathode Anode '/ 2 

CASE 318-03, STYLE 8 
SOT-23 (TO-236AB) 

3 0--11+--<> 1 
Cathode Anode 

Min 

30 

-

26-32 pF 
VOLTAGE VARIABLE 

CAPACITANCE DIODES 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

/LAdc 

- 300 - ppmf'C 

Ct, Diode Capacitance 
a. Figure of Merit CR, Capacitance Ratio 

I Device 

L MMBV109L, MV209 

Min 

26 

VR = 3.0 Vdc 
VR = 3.0 Vdc, f = 1.0 MHz 

f = 50 MHz 

40 

36 

32 

~ 28 
w 
~ 24 

~ 20 
~ 
5 16 e 12 
o 8 
8" 

o 

I 
I 

........... 

" 

1 

pF 
(Note 1) 

Nom I Max Min 

29 I 32 200 

FIGURE 1 - DIODE CAPACITANCE 

"-
'\ 

"-
I'---. 

10 100 
VR. REVERSE VOLTAGE (VOLTS) 

Min 

5.0 
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MMBV109L, MV209 

FIGURE 2 - FIGURE OF MERIT 
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FIGURE 4 - DIODE CAPACITANCE 
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FIGURE 3 - LEAKAGE CURRENT 

-

./ 

VR:O 20 Vdc ./ 

./ 

/' 

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

T A. AMBI ENT TEMPE RATURE lOCI 

NOTES ON TESTING AND SPECIFICATIONS 

1. Q is calculated by taking the G and C readings 01 an admit
tance bridge. such as Boonton Electronics Model 33AS8. at 
the specified frequency and substituting in the following 
equation: 

Q ~ 2".fC 
G 

2. CR is the ratio of Ct measured at 3.0 Vdc divided by Ct mea
sured at 25 Vdc. 
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MAXIMUM RATINGS 

MV409 I MMBV409,L 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Current IF 200 mA 

Forward Power Dissipation @ T A ~ 25°C Po 280 

I 
225' mW 

Derate above 25'C 2.8 1.8 mWI'C 

Junction Temperature TJ +125 'c 
Storage Temperature Range Tsm -55 to + 150 'c 

*FR5 Board 1.0 x 0.75 x 0.062 In. 

ELECTRICAL CHARACTERISTICS (TA ~ 25°C unless otherwise noted.) 

Characteristic - All Types Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR ~ 10,.Adc) 

Reverse Voltage Leakage Current IR 
(VR ~ 15Vdc) 

Diode Capacitance Temperature Coefficient TCC 
(VR ~ 3 Vdc, f ~ 1 MHz) 

Ct, Diode Capacitance 
VR = 3 Vdc, f = 1 MHz 

pF 

I Device Min I Nom I Max 

I MMBV409L, MV40S 26 I 29 I 32 

NOTES ON TESTING AND SPECIACATIONS 

MMBV409L 
MV409 

CASE 182-02, STYLE 1 " 
TO-92 (TO-226ACI 

1 
2o--j~1 

Cathode Anode 2 

CASE 318-03, STYLE 8 
SOT-23 (TO-236ABI 

3o--j~1 
Cathode Anode 

Min 

20 

-

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

Typ Max 

- -
- 0.1 

Unit 

Vdc 

,.Adc 

- 300 - ppml'C 

a, Figure of Merit CR, Capacitance Ratio 
VR = 3Vdc C3iCa 
f = 50 MHz f=1MHz 

(Note 1) (Note 2) 

Min Min I Max 

200 1.5 I 1.S 

(1) 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: 
Q ~ 211'fC 

G 
(2) CR is the ratio of Ct measured at 3 Vdc divided by Ct measured at 8 Vdc. 
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SILICON EPICAP DIODES 

· .. designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 

• High Figure of Merit - Q = 100 (Typ) @ VR = 2.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 

• Dual Diodes - Save Space and Reduce Cost 

• Surface Mount Package 

• Available in 8 mm Tape and Reel 

• Monolithic Chip Provides Improved Matching - Guaranteed ± 1.0% (Max) 
Over Specified Tuning Range 

MAXIMUM RATINGS (Each Diode) 

Rating Symbol Value Unit 

Reverse Voltage VR 14 Volts 

Forward Current IF 200 mA 

Total Power Dissipation @ TA = 25·C Po 350 mW 
Derate above 25·C 2.S mW/"C 

Junction Temperature TJ +125 ·C 

Storage Temperature Range Tst~ -55 to +125 ·C 

DEVICE MARKING 

I MMBV432L = 4B 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10~dc) 

Reverse Voltage Leakage Current IR 
(VR = 9.0 Vdc) 

Diode Capacitance CT 
(VR = 2.0 Vdc, I = 1.0 MHz) 

Capacitance Ratio C2ICS CR 
(I = 1.0 MHz) 

Figure of Merit" a 
(VR = 2.0 Vdc, f = 100 MHz) 

Min 

14 

-

43 

1.5 

75 

MMBV432L 
CASE 318·03, STYLE 9 

SOT·23 (TO·236AB) 

DUAL 
VOLTAGE·VARIABLE 

CAPACITANCE DIODES 

Typ Max 

- -
- 100 

- 48.1 

- 2.0 

100 -

Unit 

Vdc 

nAdc 

pF 

-

-

TYPICAL CHARACTERISTICS (Each Diode) 
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70 
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./ 

./ 
./ 
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Figure 1. Diode Capacitance (Each Diode) Figure 2. Figure of Merit versus Voltage 
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SILICON EPICAP DIODES 

• •. designed in the popular PLASTIC PACKAGE for high volume require
ments of FM Radio and 1V tuning and AFC, general frequency control and 
tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

Also available in Surface Mount Package up to 33 pF. 

• High Q with Guaranteed Minimum Values 

• Controlled and Uniform Tuning Ratio 

• Standard Capacitance Tolerance - 10% 

• Complete Typical Design Curves 

MAXIMUM RATINGS 

Rating Symbol 

Reverse Voltage VR 

Forward Current IF 

Device Dissipation @ T A = 25°C Po 
Derate above 25°C 

Junction Temperature TJ 

Storage Temperature Range Tstg 

DEVICE MARKING 

MMBV2101L = 4G 
MMBV2109L = 4J 
MMBV2102L = 4Y 

MMBV2103L = 4H 
MMBV2104L = 4Z 
MMBV2105L = 4U 

MV2101
i 
I MMBV2101L 

thru thru 
MV2115 MMBV2109L 

Value 

30 

200 

280 

I 
200 

2.8 2.0 

+125 

-55 to +150 

MMBV2106L = 4V 
MMBV2107L = 4W 
MMBV2108L = 4X 

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

Characteristic 

Reverse Breakdown Voltage 
(lR = 10 pAdc) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc, T A = 25°C) 

Diode Capacitance Temperature Coefficient 
(VR = 4.0 Vdc, f = 1.0 MHz) 

Unit 

Volts 

mA 

mW 
mWf'C 

°c 

°c 

Symbol 

V(BR)R 

IR 

TCC 

MMBV2101L thru 
MMBV2109L 

MV2101 thru MV2115 

CASE 182-02, STYLE 1/, 
(TO·226AC) 

1 
2o---j~1 

Cathode Anode 2 

CASE 318·03, STYLE 8 ,.3 

SOT·23 (TO·236AB) <I)JI 
2 

3o---j~1 
Cathode Anode 

Min 

30 

-

6.8-100 pF 
30 VOLTS 

VOLTAGE·VARIABLE 
CAPACITANCE DIODES 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

pAdc 

- 280 - ppmf'C 

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

pF f=50MHz f = 1.0 MHz 

Device Min Nom Max Typ Min Typ Max 

MMBV2101UMV2101 6.1 6.8 7.5 450 2.5 2.7 3.2 
MMBV2102UMV2102 7.4 8.2 9.0 450 2.5 2.8 3.2 
MMBV2103UMV2103 9.0 10 11 400 2.5 2.9 3.2 
MMBV2104UMV2104 10.8 12 13.2 400 2.5 2.9 3.2 
MMBV2105UMV2105 13.5 15 16.5 400 2.5 2.9 3.2 

MMBV2106UMV2106 16.2 18 19.8 350 2.5 2.9 3.2 
MMBV2107UMV2107 19.8 22 24.2 350 2.5 2.9 3.2 
MMBV2108UMV2108 24.3 27 29.7 300 2.5 3.0 3.2 
MMBV2109UMV2109 29.7 33 36.3 200 2.5 3.0 3.2 
MV2110 35.1 39 42.9 150 2.5 3.0 3.2 

MV2111 42.3 47 51.7 150 2.5 3.0 3.2 
MV2112 50.4 56 61.6 150 2.6 3.0 3.3 
MV2113 61.2 68 74.8 150 2.6 3.0 3.3 
MV2114 73.8 82 90.2 100 2.6 3.0 3.3 
MV2115 90 100 110 100 2.6 3.0 3.3 
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MMBV2101L thru MMBV2109L, MV2101 thru MV2115 

1. Cr, DIODE CAPACITANCE 

PARAMETER TEST METHODS 

4. TCc, DIODE CAPACITANCE TEMPERATURE 
COEFFICIENT (CT = Cc + CJ), CT is measured at 1.0 MHz using a 

capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 

2. TR, TUNING RATIO 

TCC is guaranteed by comparing CT at VR = 4.0 Vdc, 
f = 1.0 MHz, TA = -65'C with CT at VR = 4.0 Vdc, f 
= 1.0 MHz, TA = +85'C in the following equation 
which defines TCC: 

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

TC = CT( + 85'C) - CT( - 65'C) • ~ 
C 85 + 65 CR(25'C) 

3. a. FIGURE OF MERIT Accuracy limited by measurement of CT to ± 0.1 pF. 

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

Q = 27TfC 
G 

(Boonton Electronics Model 33AS8). Use Lead Length 
= 1/16". 

TYPICAL DEVICE PERFORMANCE 

FIGURE 1 - DIODE CAPACITANCE versus REVERSE VOLTAGE 
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MMBV21 01 L thru MMBV2109L, MV21 01· thru MV2115 

FIGURE 2 - NORMALIZED DIODE CAPACITANCE versus 
JUNCTION TEMPERATURE 
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SILICON EPICAP DIODES 

· .. designed in the Surface Mount package for 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 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 30 Vdc 

Forward Current IF 200 mAde 

Device Dissipation @ T A = 25°C Po 200 mW 
Derate above 25°C 2.0 mWfC 

Junction Temperature TJ +125 °C 

Storage Temperature Range Tsto -55 to +150 °C 

DEVICE MARKING 

I MMBV3102L = 4C 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
IIR = 10 !lAde) 

Reverse Voltage Leakage Current IR 
(VR = 25 Vdc, TA = 25°C) 

Diode Capacitance Temperature Coefficient TCC 
(VR = 4.0 Vdc, f = 1.0 MHz) 

Min 

30 

-

-

MMBV3102L 
CASE 318-03, STYLE 8 

SOT-23 (TO-236AB) 

3 O---/!+---O 1 
Cathode Anode 

22 pF (Nominal) 
30 VOLTS 

VOLTAGE VARIABLE 
CAPACITANCE DIODES 

Typ Max 

- -

- 0.1 

Unit 

Vdc 

"Adc 

300 - ppmfC 

CT, Diode Capacitance a, Figure 01 Merit CR, Capacitance Ratio 

Device 

MV3102L 

VR = 3.0 Vdc, 1 = 1.0 MHz VR = 3.0 Vdc, 

Min 

20 

u: 3 
~ 

~ 2 
z 

0 

6-

2 

8 

~ 24 
i3 
:t 2 
:3 
~ 1 
o 

0 

6 

C 12 

Ii 8.0 

4.0 

o 

I 
I 

0.3 0.5 

pF 1= 50 MHz 

Nom I Max Min 

22 I 25 200 

FIGURE 1 - DIODE CAPACITANCE 

""-
" .... 

"-

TA = 250 C ""-
1=11.0 rHj i'-~ 

1.0 2.0 3.0 5.0 10 20 30 

VR, REVERSE VOLTAGE (VOL TSI 
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C3/C25 
1 = 1.0 MHz 

Min I Typ 

4.5 I 4.8 

• 



• 

MMBV3102L 

RGURE 2 - RGURE OF MERIT 
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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 capaci
tance bridge (Boonton Electronics Model 75A or equivalent). 

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

Q = 21TfC 
G 

4. CR is the ratio of CT measured at 3.0 Vdc divided by CT 
measured at 25 Vdc. 
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SILICON PIN DIODE 

· .. designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
Surface Mount package. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Capacitance - 0.7 pF Typ at VR = 20 V 

• Very Low Series Resistance at 100 MHz - 0.34 Ohms (Typ) 
@ IF = 10 mAdc 

MAXIMUM RATINGS 

Rating Symbol Value 

Reverse Voltage VR 20 

Forward Power Dissipation @ T A = 25°C PF 200 
Derate above 25°C 2.8 

Junction Temperature TJ +125 

Storage Temperature Range Tsta -55 to +150 

DEVICE MARKING 

I MMBV3401L = 40 

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

Characteristic 

Reverse Breakdown Voltage 
(IR = 10p.A) 

Diode Capacitance 
(VR = 20 V) 

Series Resistance (Figure 5) 
(IF = 10 rnA) f = 100 MHz 

Reverse Leakage Current 
(VR = 25 V) 

Unit 

Vdc 

mW 
mWrC 

°c 

°c 

Symbol 

V(BR)R 

CT 

RS 

IR 

Min 

35 

-

-
-

MMBV3401L 
CASE 318-03, STYLE 8 

SOT·23 (TO-236AB) 

3 o---j!+---o 1 
Cathode Anode 

SILICON PIN 
SWITCHING DIODE 

TVp Max 

- -

- 1.0 

- 0.7 

- 0.1 

TYPICAL ELECTRICAL CHARACTERISTICS 

'" ~ 
S 
w 
'-' z « 
!;; 

~ 
~ 
w 

~ 
~ 

1.6 

1.4 

1.2 

1.0 

O.B 

0.6 

0.4 

0.2 

o 
o 
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Volts 

pF 

Ohms 

p.A. • 

1.0 
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MMBV3401L 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 

10pF soon 
Hi 0----11-( ---'l!---""""'---O+ 

Boonton CA:J Model33A or B O.U.T. 

L,o----+-i--o
Power Supply 

All measurements@ 100 MHz 
For test fixture, leads should be as 
short as possible. 

To measure series resistance. a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-0hm ,resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The R F Admittance Bridge (Boon,on 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF . as re
quired when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuIt from 
point "A" to "B". Then connect the power supply pro
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 rnA. 

5. Obtain a minimum nutl on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (~13O pF) and sub
trac' 120 pF which yields capaci,ance (el. The forward 
resistance (RS) can now be calculated from: 

Where: 

2.533G 
RS=--

C2 

G - in micromhos, 
C - in pF, 

AS - in ohms 
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HIGH VOLTAGE SILICON PIN DIODE 

· .. designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
cost effective plastic package for economical, high-volume consumer and 
industrial requirements. 

• Long Reverse Recovery Time 
trr = 300 ns (Typ) 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• Low Series Resistance @ 100 MHz-
RS = 0.7 Ohms (Typ) @ IF = 10 mAde 

• Reverse Breakdown Voltage = 200 V (Min) 

MAXIMUM RATINGS 

MPN3700 I MMBV3700,L 

Rating Symbol Value Unit 

Reverse Voltage VR 200 Volts 

Total Device Dissipation @ TA = 25°C Po 280 

I 
200 mW 

Derate above 25°C 2.8 2.0 mWrC 

Junction Temperature TJ +125 °c 

Storage Temperature Range Tstg -55to +150 °c 

DEVICE MARKING 

I MMBV3700L = 4R 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = lOILA) 

Diode Capacitance CT 
(VR = 20 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) RS 
(IF = 10 mAl 

Reverse Leakage Current IR 
(VR = 150 Vdc) 

Reverse Recovery Time trr 
(IF = IR = 10 mAl 

MMBV3700L 
MPN3700 

CASE 182-02. STYLE 1 
(TO-226AC) 

2 o----j!+__<> 1 
Cathode Anode 

CASE 318-03. STYLE 8 
SOT-23 (TO-236AB) 

3 o----j j+----o 1 
Cathode Anode 

Min 

200 

-

-

-

-

SILICON PIN 
SWITCHING DIODES 

Typ Max 

- -
- 1.0 

0.7 1.0 

- 0.1 

300 -

TYPICAL ELECTRICAL CHARACTERISTICS 

1.4 

~ 1.2 
::J:: 

~ 1.0 
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Volts 

pF 
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ILA • 
ns 
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C::JOu.T. Boonton 
Model 33A or B 

Lo 0 

All m.asurements @ 100 MHz 

Power Supply 

I 0--= For test fixture. leads should 
be as short as possible. 

To measure series resistance. a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the SaO-ohm resistor. The resistance of the 10 pF ca
pacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge (Boonton 33A or B) must be ini
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF. as required 
when using the 100 MHz test coil. 

2 Use a short length of wire to short the test circuit from pomt 
"A" to "B". Then connect the power supply provldmg 10 rnA 
of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". The 
null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 rnA. 

5. Obtain a mmimum null on the "nu" meter", with the ca
pacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read the 
capacitance value from the scale (~130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance 
(RS) can now be calculated from: 

Where: 

2.533 G 
RS=----;;2 

G - in micromhos, 
C-inpF, 

RS - in ohms 
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THERMAL CHARACTERISTICS 

Characteristic Symbol 

Total Device Dissipation FR-5 Board,' Po 
TA ~ 25"C 
Derate above 25"C 

Thermal Resistance Junction to Ambient R8JA 

Total Device Dissipation Po 
Alumina Substrate," TA ~ 25"C 
Derate above 25"C 

Thermal Resistance Junction to Ambient R8JA 

Junction and Storage Temperature TJ, Tstg 

'FR-5 ~ 1.0 x 0.75 x 0.062 in. 
"Alumina ~ 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

Max 

225 

1.8 

556 

300 

2.4 

417 

-55 to +150 

Unit 

mW 

mW/"C 

"CIW 

mW 

mW/"C 

"CIW 

"C 

MMBl5226BL 
thru 

MMBl5257BL 
CASE 318-03, STYLE 8 

SOT-23 (TO-236AB) 

3 0--,)-1'.;. .. --0 1 
Cathode Anode 

ZENER DIODES 

Pinout: 1-Anode, 2-NC, 3-Cathode (VF = 0_9 V Max @ IF = 10 rnA for all types_) 

Test Zener Zzr 
Current Voltage ZZK IZ = Izr Max 

Izr VZ(:t:5%1 IZ = 0.25 rnA @10%Mod IR @ VR 
Device Marking mA Nominal o Max o Max p.A V 

MMBZ5226BL 8A 20 3.3 1600 2B 25 1.0 
MMBZ5227BL BB 20 3.6 1700 24 15 1.0 
MMBZ5228BL BC 20 3.9 1900 23 10 1.0 
MMBZ5229BL BD 20 4.3 2000 22 5.0 1.0 
MMBZ5230BL BE 20 4.7 1900 19 5.0 2.0 

MMBZ5231BL BF 20 5.1 1600 17 5.0 2.0 
MMBZ5232BL 8G 20 5.6 1600 11 5.0 3.0 
MMBZ5233BL BH 20 6.0 1600 7.0 5.0 3.5 
MMBZ5234BL BJ 20 6.2 1000 7.0 5.0 -4.0 
MMBZ5235BL 8K 20 6.B 750 5.0 3.0 5.0 

MMBZ5236BL 8L 20 7.5 500 6.0 3.0 6.0 
MMBZ5237BL BM 20 B.2 500 8.0 3.0 6.5 
MMBZ523BBL BN 20 8.7 600 8.0 3.0 6.5 
MMBZ5239BL BP 20 9.1 SOO 10 3.0 7.0 
MMBZ5240BL BQ 20 10 600 17 3.0 8.0 

MMBZ5241BL BR 20 11 600 22 2.0 B.4 
MMBZ5242BL BS 20 12 SOO 30 1.0 9.1 
MMBZ5243BL 8T 9.5 13 SOO 13 0.5 9.9 
MMBZ5244BL BU 9.0 14 sao 15 0.1 10 
MMBZ5245BL BV 8.5 15 SOO lS 0.1 11 

MMBZ524SBL BW 7.B 1S sao 17 0.1 12 
MMBZ5247BL BX 7.4 17 sao 19 0.1 13 
MMBZ5248BL 8Y 7.0 lB 600 21 0.1 14 
MMBZ5249BL BZ S.S 19 sao 23 0.1 14 
MMBZ5250BL B1A S.2 20 600 25 0.1 15 

MMBZ5251BL B1B 5.S 22 SOO 29 0.1 17 
MMBZ5252BL 81C 5.2 24 SOO 33 0.1 18 
MMBZ5253BL B1D 5.0 25 600 35 0.1 19 
MMBZ5254BL 81E 4.S 27 600 41 0.1 21 
MMBZ5255BL 81F 4.5 2B SOO 44 0.1 21 

MMBZ525SBL B1G 4.2 30 SOO 49 0.1 23 
MMBZ5257BL B1H 3.8 33 700 5B 0.1 25 
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SILICON PIN DIODE 

· .. designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching and attenuator circuits. Supplied in a 
cost effective TO-92 type plastic package for economical, high-volume con
sumer and industrial requirements. 

• Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

• low Series Resistance @ 100 MHz-
RS = 0.7 Ohms (Typ) @ IF = 10 mAdc 

• Sturdy TO-92 Style Package for Handling Ease 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 20 Volts 

Forward Power Dissipation @ TA = 25·C PF 400 mW 
Derate above 25·C 4.0 mWfC 

Junction Temperature TJ +125 ·C 

Storage Temperature Range TstlL -55 to +150 ·C 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10 j.C.A) 

Diode Capacitance CT 
(VR = 15 Vdc, f = 1.0 MHz) 

Series Resistance (Figure 5) RS 
(IF = 10 mAl 

Reverse Leakage Current IR 
(VR = 15 Vdc) 

Min 

20 

-

-

-

MPN3404 
CASE 182-02, STYLE 1 

(TO-226AC) 

1 C>o-.......... I~--oo 2 
Anode.... Cathode 

SILICON PIN 
SWITCHING DIODE 

Typ Max 

- -

1.3 2.0 

0.7 0.85 

- 0.1 

TYPICAL ELECTRICAL CHARACTERISTICS 
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FIGURE 5 - FORWARD SERIES RESISTANCE TEST METHOD 

10pF soon 
Hi <>------1f-( --...... !P-----'''MIr-. --0+ 

I' A ~ 0 U T Power Supply Boonton 
Model 33A or B 

LoO LC_ .... " .... ~· 
All measurements@100MHz short as possible. 

To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the SOO-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 

1. The RF Admittance Bridge IBoonton 33A or BI must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re
quired when using the 100 MHz test coil. 

2. Use a short length of wire to short the test circuit from 
point "A" to "B". Then connect the power supply pro
viding 10 mA of bias current to the test circuit. 

3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". 
The null occurs at approximately 130 pF. 

4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 rnA. 

5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 

6. Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (~13O pF) and sub
tract 120 pF which yields capacitance (C). The forward 
resistance (RS) can now be calculated from: 

Where: 

2.533G 
RS=--

C2 

G - in micromhos, 
C - in pF, 

RS - in ohms 
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MPN3700 For Specifications, See MMBV3700 

MSD6100X 

CASE 29-04, STYLE 3 
TO-92 ITO-226AA) 

"I 
Anode 1 2 Anode 

MAXIMUM RATINGS cQ) Rating Symbol Value Unit 

Reverse Voltage VR 100 Vde 

Recurrent Peak Forward Current IF 200 rnA 3 Cathode 
3 

Peak Forward Surge Current IFM(surge) 500 rnA 
(Pulse Width = 10 !'Sec) 

Power Dissipation @ T A = 25'C PD(1) 625 mW DUAL SWITCHING DIODES 
Derate above 25'C 5.0 mWrC COMMON CATHODE 

Operating and Storage Junction TJ, Tstg(1) -55 to +135 'c 
Temperature Range 

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

Characteristic Symbol Min Max Unit 

Breakdown Voltage V(BR) 100 - Vde 
(lLBAL = 100 pAde) 

Reverse Current IR pAde 
(VR = 100 Vde) - 5.0 
(VR = 50 Vdc) - 0.1 
(VR = 50 Vdc, TA = 125'C) - 20 

Forward Voltage VF Vdc 
(IF = 1.0 mAde) 0.55 0.7 
(IF = 10 mAde) 0.67 0.82 
(IF = 100 mAde) 0.75 1.1 

Capacitance C - 1.5 pF 
(VR = 0) 

Reverse Recovery Time trr - 15 ns 
(IF = IR = 10 mAde, VR = 5.0 Vdc, irr = 1.0 mAde) 

(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Po = 1.0 W @ TC = 25'C, 
Derate above 25'C - B.O mWrC, TJ = -65 to + 150'C, ruc = 125'CIW. 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Recurrent Peak Forward Current IF 200 mA 

Peak Forward Surge Current IFMlsurge) 500 mA 
IPulse Width = 101"') 

Power Dissipation @ T A = 25'C PO(1) 625 mW 
Derate above 25'C 5.0 mW/,C 

Operating and Storage Junction TJ, Tstg(1) -55 to +135 'C 
Temperature Range 

(1) Continuous package Improvements have enhanced these guaranteed MaxImum 
Ratings as follows: Po = 1.0 W @ TC = 25'C, Derate above 25'C - 8.0 mW/,C, 
TJ = -65 to + 150'C, IJJC = 125'CIW. 

ELECTRICAL CHARACTERISTICS (fA = 25'C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
(lIBRI = 100 pAdc) 

Reverse Current 
IVR = 50Vdc) 

Forward Voltage 
(IF = 10mAdc) 

Capacitance 
(VR = 0) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 

Symbol 

VIBR) 

IR 

VF 

C 

trr 

MSD6102 

CASE 29-04, STYLE 3 
TO-92 (TO-226AA) 

Anode 1 2 Anode 

~ 
3 Cathode 

DUAL DIODES 
COMMON CATHODE 

Min Max 

70 -

- 0.1 

- 1.0 

- 3.0 

- 100 

Unit 

Vdc 

pAdc 

Vdc 

pF 

ns 
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MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 70 Vdc 

Peak Forward Recurrent Current IF 200 rnA 

Peak Forward Surge Current 
(Pulse Width = 10 /Ls) 

IFM(surge) 500 rnA 

Total Device Dissipation @ TA = 25'C PD(1) 625 mW 
Derate above 25'C 5.0 mW'C 

Operating and Storage Junction TJ, Tstg(1) -55to +135 'c 
Temperature Range 

ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted.) 

Characteristic 

Breakdown Voltage 
(I(BR) = 100 !LAde) 

Reverse Current 
IVR = 50 Vdc) 

Forward Voltage 
IIF = 10 mAdc) 

Capacitance 
IVR = 0) 

Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAde) 

Symbol 

V(BR) 

IR 

VF 

C 

trr 

MSD6150 

CASE 29-04, STYLE 4 
TO-92 (TO-226AA) 

"I ctJ). 
3 Cathode 1 2 Cathode 

Min 

70 

-

-

-

-

DUAL DIODES 
COMMON ANODE 

Typ Max 

- -
- 0.1 

0.80 1.0 

5.0 8.0 

- 100 

Unit 

Vdc 

/LAdc 

Vdc 

pF 

ns 

(1) Continuous package Improvements have enhanced these guaranteed MaXimum Ratings as follows: Po = 1.0 W @TC = 25'C, Derate 
above 8.0 mWrC, Po = 10 W@TC = 25'C, Derate above 80 mWrC, TJ, Tstg = -55 to +150', 8JC = 12.5'CIW, 8JA = 125'C. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 

5-62 



SILICON EPICAP DIODES 

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

• High Figure of Merit -
Q = 140 (Typ) @ VR = 3.0 Vdc, f = 100 MHz 

• Guaranteed Capacitance Range 
37-42 pF @ VR = 3.0 Vdc (MV104) 

• Dual Diodes - Save Space and Reduce Cost 

• TO-92 Package for Easy Handling and Mounting 

• Monolithic Chip Provides Near Perfect Matching - Guaranteed ± 1% 
(Max) Over Specified Tuning Range 

MAXIMUM RATINGS (Each Device) 

Rating Symbol Value Unit 

Reverse Voltage VR 32 Volts 

Forward Current IF 200 rnA 

Total Power Dissipation @ TA = 25°C PF 280 mW 
Derate above 25°C 2.8 mW/oC 

Junction Temperature TJ +125 °c 

Storage Temperature Range TstQ -55 to +150 °c 

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

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
OR = 10 !-lAde) 

Reverse Voltage Leakage Current T A = 25°C IR 
(VR = 30 Vdc) TA = 60°C 

Diode Capacitance Temperature Coefficient TCC 
(VR = 4.0 Vdc, f = 1.0 MHz) 

" 

Min 

32 

-
-
-

MVI04 

CASE 29-04, STYLE 15 
(TO-226AAI 

3 

PinwPin3 

Al A2 

Pin 2 C 

DUAL 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Typ Max 

- -

- 50 
- 500 

Unit 

Vdc 

nAdc 

280 400 ppmfC 

Cr, Diode Capacitance *Q, Figure of Merit CR, Capacitance Ratio 

Device 

MV104 

VR = 3.0 Vdc, f = 1.0 MHz VR = 3.0 Vdc 
pF f = 100 MHz 

Min I Max Min I Typ 

37 I 42 100 I 140 

FIGURE 1 - DIODE CAPACITANCE (Each Device) 
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MV104 

TYPICAL CHARACTERISTICS (Each Device) 

FIGURE 2 - FIGURE OF MERIT versus VOL TAGE 
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MV10SG For Specifications, See MMBVI09L 

MV409 For Specifications, See MMBV409L 

SILICON HYPER-ABRUPT TUNING DIODES 

· .. designed with high capacitance and a capacitance change of greater 
than TEN TIMES for a bias change from 2.0 to 10 volts. Provides tuning 
over broad frequency ranges; tunes AM radio broadcast band. general AFC 
and tuning applications in lower RF frequencies. 

• High Capacitance: 120-550 pF 

• Large Capacitance Change with Small Bias Change 

• Guaranteed High Q 

• Available in Standard Axial Glass Packages 

• H Suffix Devices with 100% Screening 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Reverse Voltage VR 12 Volts 

Forward Current IF 250 mA 

Device Dissipation @ T A = 25'C Po 400 mW 
Derate above 25'C 2.67 mW/,C 

Junction Temperature TJ +175 'C 

Storage Temperature Range Tst -65 to +200 'C 

ELECTRICAL CHARACTERISTICS (T A = 25'C unless otherwise noted) 

Characteristic Symbol 

Reverse Breakdown Voltage V(BR)R 
(lR = 10/LAde) 

Leakage Current at Reverse Voltage IR 
(VR = 10 Vde. TA = 25'C) 

Series Inductance LS 
(f = 250 M Hz. Lead Length = 1/16") 

Case Capacitance Cc 
(f = 1.0 MHz. Lead Length = 1/16") 

Cr. 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 Max 

MV1401. H 468 550 633 - - -
MV1403. H - - - 140 175 210 
MV1404. H - - - 96 120 144 
MVl405, H - - - 200 250 300 

MV1403. H 
MV1404. H 
MV1405. H 

MV1401, H 
MV1403, H 
MV1404, H 
MVl40S, H 

2 

CASE 146-01 
1 (DO-204AB) 

Min 

12 

-

-
-

120-550 pF 
12 VOLTS 

HIGH TUNING RATIO 
VOLTAGE-VARIABLE 

CAPACITANCE DIODES 

Typ Max 

- -

- 0.1 

5.0 -

0.25 -

Unit 

Vde 

/LAde 

nH 

pF 

Q. Figure of Merit TR. Tuning Ratio 

VR = 2.0 Vdc. Cl /Cl0 C2/C10 
f = 1.0 MHz f = 1.0 MHz f = 1.0 MHz 

Min Min Min 

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

FIGURE 1 - DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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MV1401,H MV1403,H MV1404,H MV1405,H 

100% SCREENING FOR HIGH RELIABILITY 
MV1401H, MV1403H, MV1404H, MV1405H are screened with the 
following tests: 

Internal Visual Inspection 
per 12M53957B (MIL-STD-750 METHOD 2073 PARAGRAPH 3.3 
AND METHOD 2074 PARAGRAPH 3.1.3) 

High Temperature Storage 
T A = 200oC, t;;;' 48 hours 

Thermal Shock (Temperature Cycling) 
MIL-STD-202, Method 107. Condition C except 10 cycles 
c~ntinuouslY performed 
t(extremes) = 15 minutes 

Constant Acceleration 
MIL-STD-750, Method 2006 
20,000 G's (V1 axis only) 

Hermetic Seal 
MIL-STD-750. Method 1071 

Fine Leak - Condition G 
Gross Leak - Condition D, Step 1 

Electrical Test 
IR and CT 

High Temperature Reverse Bias 
T A = 120°C ± 5°C, t;> 96 hours 
VR = 80% of V(BR)R MIN 
Lower temperature till TA = 30 ± 5°C. 
Maintain this temperature prior to removal of Reverse Bias 
Voltage. Perform Electrical Test within 24 hours following 
bias removal. 

Electrical Test 
IR and CT 

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. CC. CASE CAPACITANCE 
Cc is measured on an open package at 1.0 MHz using a capacl· 
tance bridge (Boonton Electronics Model 75A or equivalent). 

3. CT. DIODE CAPACITANCE 
(Cr::; Cc + CJ) Cr 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 at2.0 Vdc (1.0 Vdcfor MV1401) 
divided by CT measured at 10 Vdc. 

6. Q. FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admittance 
bridge atthe specified frequency and substituting in the follow
ing equation: 

2trfC 
0="(3 

(Boonton Electronics Model 33ASB). Use Lead Length = 1 /16'. 
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M V2101 thru MV2115 For Specifications, 

MVAMI08 

h 

• 
• 

• 

See MMBV2101L 

SILICON TUNING DIODES 

.. designed for electronic tuning of AM receivers and high capacitance, 
igh tuning ratio applications. 

High Capacitance Ratio - CR = 15 (Min), 
MVAM108, 115, 125 

Guaranteed Diode Capacitance - Ct = 440 pF (Min) -
560 pF (Max) Ca! VR = 1.0 VDc, f = 1.0 MHz, MVAM108, MVAM115, 
MVAM125 

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

MAXIMUM RATINGS 

Rating 

Reverse Voltage MVAM108 
MVAM109 
MVAM115 
MVAM125 

Forward Current 

Power Dissipation @ TA = 25°C 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

Symbol 

VR 

IF 

Po 

Value 

12 
15 
18 
28 

50 

280 
2.8 

- 55 to + 125 

Unit 

Volts 

mA 

mW 
mwrc 

°C 

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

Characteristic Symbol 

Breakdown Voltage V(BR)R 
(lR = 10 /kAdc) MVAM108 

MVAM109 
MVAM115 
MVAM125 

Reverse Current IR 
(VR = 8.0 V) MVAM108 
(VR = 9.0 V) MVAM109 
(VR=15V) MVAM115 
(VR = 25 V) MVAM125 

Diode Capacitance Temperatujre Coefficient (1) TCC 
(VR = 1.0 Vdc, 1= 1.0 MHz. TA = -40°C to +S5°C) 

Case Capacitance Cc 
(I = 1.0 MHz, Lead Length 1/16") 

Diode Capacitance (2) Ct 
(VR = 1.0 Vdc, 1= 1.0 MHz) MVAM108, 115, 125 

MVAM109 

Figure of Merit Q 
(I = 1.0 MHz, Lead Length 1/16", VR = 1.0 Vdc) 

Capacitance Ratio 
(I = 1.0 MHz) MVAM10S C1IC8 

MVAM109 C1/C9 
MVAM115 C1/C15 
MVAM125 Cl/C25 

MVAMI09 
MVAMl15 
MVAM125 

CASE 182-02, STYLE 1 
(TO-226AC) 

,!' 
2 

2~l+---ol 
Cathode Anode 

TUNING DIODES 
WITH VERY HIGH 

CAPACITANCE RATIO 

Min Typ Max Unit 

Vdc 
12 - -
15 - -
18 - -
28 - -

nAdc 
- - 100 
- - 100 
- - 100 
- - 100 

- 435 - ppmrc 

- 0.18 - pF 

pF 
440 500 560 
400 460 520 

150 - - -

-
15 - -
12 - -
15 - -
15 - -

NOTES: 
1. The effect of increasing temperature 1.0oe, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 

capacitance per °C is nearly constant from -40°C to + lOOoe. 
2. Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points 

along the specified tuning range. 
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MVAM108, MVAM109, MVAM115, MVAM125 

Tuning Voltage 

FIGURE 1 - TYPICAL AM RADIO APPLICATION 
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FIGURE 2 - CAPACITANCE versus REVERSE VOLTAGE FIGURE 3 - FIGURE OF MERIT 
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Tape and Reel .. 
Specifications • 
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Embossed Tape and Reel 
Embossed Tape and Reel is used to facilitate automatic pick and place 

equipment feed requirements. The tape is used as the shipping container 
for various products and requires a minimum of handling. The antistatic! 
conductive tape provides a secure cavity for the product when sealed with 
the "peel-back" cover tape. 

• Two Reel Sizes Available (7" and 13") 
• Used For Automatic Pick and Place Feed Systems 
• Minimizes Product Handling 
• EIA 481 
• MLL-34, SOT-23, SOT-143 in 8 mm Tape 
• MLL-41, 50-8, SOT-89, 50T-223 in 12 mm Tape 
• DPAK, 50-14, 50-16 in 16 mm Tape 

Ordering Information 
Use the standard device title and add the required suffix as listed in the 

option table below. Note that the individual reels have a finite number of 
devices depending on the type of product contained in the tape. Also note 
the minimum lot size is one full reel for each line item, and orders are 
required to be in increments of the single reel quantity. Minimum order 
$200.00!line-line. 

50T-23 50T-143 
8mm 8mm 

) o§h~.~n.~i§o ) ) o~l~l~l§]o ) 

MLL-41 50-S, 14, 16 
12mm 12,16mm 

Tape and Reel 
Data for 
Discrete 

Surface Mount 
Devices 

PACKAGES 
MLL-34 50-8 
MLL-41 50-14 
50T-23 50-16 
50T-143 DPAK 

MLL-34 
8mm 

) o~°[ef[6f[~f ) 
DPAK 
16mm .. 

~ 0 ~f [gf [~( [~f ) ~ 0-0-0--0-0 0 ~ 0000000 0000000 

~15liQI~ [Q][Q][Q]lU] DIRECTION 
1]J~[gD~ OF FEED 

Tape & Reel 
Tape Width Device Reel Size Lot Size Device 

Package Imm} per Reel (inch) IMin} Suffix 

8 3,000 7 3,000 Tl 
SOT-23 

8 10,000 13 10,000 T3 

8 3,000 7 3,000 Tl SOT-143 
8 10,000 13 10,000 T3 

8 2,000 7 2,000 Tl 
MLL-34 

8 5,000 13 5,000 T3 

12 1,000 7 1,000 T1 
MLL-41 

12 5,000 13 5,000 13 

12 500 7 500 Rl SO-8 
12 2,500 13 2,500 R2 

lK 7 lK T1 
SOT-89 12 

4K 13 4K T3 

lK 7 lK -SOT-223 12 
4K 13 4K -

16 500 7 500 R1 SO-14 
16 2,500 13 2,500 R2 

16 500 7 500 R1 
SO-16 

16 2,500 13 2,500 R2 

DPAK 16 1,800 13 1,800 RL 
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FOR MACHINE REFERENCE 
ONLY 

INCLUDING DRAFT AND RADII 
CONCENTRIC AROUND BO 

TAPE AND REEL DATA FOR DISCRETE SMD 

CARRIER TAPE SPECIFICATIONS 

USER DIRECTION OF FEED 

RMIN. 

TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS "R" 
WITHOUT DAMAGE 

01 
FOR COMPONENTS 
2.0 mm x 1.2 mm 
AND LARGER 

TYPICAL 
COMPONENT CAVITY 
CENTER LINE 

100mm I r--- 13.937")" I I rlmmMAX 

~r-I __ • c:::.:-. -~-_ 0 
+-= [1.03~'~. ~AX 250 mm ~-+ 1·- 19843,,)---1 

CAMBER ITOP VIEW) 
ALLOWABLE CAMBER TO BE 1 mm/l00 mm NONACCUMULATIVE OVER 250 mm 

DIMENSIONS 
rape 
Size B1 Max D D1 E F K P Po Pz RMin TMax W 

8mm 4.2mm 1.5+0.1 mm 1.0 ± 0.1 mm 1.75±0.1 mm 3.5±0.05mm 2.4mm Max 4.0±0.1 mm 4.0±0.1 mm 2.0±0.1 mm 25mm 0.400mm 8.0±.30mm 
1.165") -0.0 Min 1.069 ± .004") 1.138 ± .002") 1.094") 1.157± .004") 1.157 ± .004") 1.079 ± .002") 1.98") 1.016") 1.315 ± .012") 

1.059 + .004" 1.039") 
-0.0) 

12mm 8.2mm 1.5mm Min 5.0±0.05mm 4.5mm Max 4.0±0.1 mm 25mm 12±.30mm 
1.323") 1.060") 1217 ± .002") 1.177") 1.157± .004") 11.18") 1.470±.012") 

8.0±.01 mm 
1.315±.004") 

16mm 12.1 mm 7.5±0.10mm 6.5mm 4.0±0.1 mm 2.0±.010mm 40mm 16±.30mm 
1.476") 1.295 ± .004") 1.256") 1.157±.004") 1.079 ± .004") 11.575") 1.630 ± :012") 

8.0±.01 mm 
1.315 ± .004") 

12.0 ±.004 mm 
1.472 ± .004") 

Metric Dimensions Govern - English are in parentheses for reference only. 

NOTE 1: AQ. BO. and Ko are determined by component size. The clearance between the components and the cavity must be within .05 min. to .50 
max., the component cannot rotate more than 10° within the determined cavity. 
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TAPE AND REEL DATA FOR DISCRETE SMD 

REEL DIMENSIONS 
Metric Dimensions Govern - English are in Parentheses for Reference only. 

-I \-TMAX 

T711~1.5mmMIN 
I ~- ,- 1.06"1 

...L..L.... I " 

13.0 mm ± 0.5 mm 
1.512" ± .002"1 

~ lS::A 20.2mmMIN I ~t~ \ ---
(.795"1 \ "'-' I 

~_// 

FUll RADIUS 

T 

Size A Max G 

8mm 330mm 8.4mm+l.5mm, -0.0 
(12.992"1 1.33" + .059", - 0.001 

12mm 330mm 12.4mm+2.0mm, -0.0 
112.992"1 1.49" + .079", - 0.00) 

16mm 360mm 16.4mm+2.0mm, -0.00 
114.173"1 1.646"+.078", -0.001 

f 
50mm MIN 

11.969"1 

-----L 

TMax 

14.4 mm 
1.56"1 

18.4 mm 
1.72"1 

22.4mm 
1.882"1 
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TO-92 EIA 
Radial Tape Reel 
or Ammo Pack 

Radial tape reel and ammo pack of the reliable TO-92 package are the 
best methods of capturing devices for automatic insertion in printed circuit 
boards. These methods of taping are compatible with various equipment for 
active and passive component insertion. 

• Available on 360 mm Reels 
• Available in Ammo Pack (Fan Fold Box) 
• Accommodates Various Inserters 
• Allows Flexible Circuit Board Layout 
• 2.5 mm Pin Spacing For Soldering 
• Conforms to EIA ACP Standard 1375 (RS-468) 

Ordering Notes: 
When ordering radial tape on reel or in ammo pack. specify the style per 

Figures 3 thru 8. Add the suffix "RLR" and "Style" to the device title. i.e. 
MPS3904RLRA. This will be a standard MPS3904 radial taped and supplied 
on a reel per Figure 3. 
Reel Information - Minimum order quantity 1 Reel/$200LL. 

Order in increments of 2000. 
Ammo Pack Information - Minimum order quantity 1 Boxl$200LL. 

Order in increments of 2000. 

NOTES: 
1. CONTOUR Of PACKAGE BEYOND ZONE "~'IS 

UNCONTROLLED. 
2. DIM "f"' APPliES BElWEEN "H" AND "L". DIM 

"D" & "S" APPliES BElWEEN "L" & 12.70mm 
10.5"1 fROM SEATING PLANE LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12 70mm 
10.5"1 fROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 

CASE 29-04 
TO-226AC 

(TO-92) 

DIM 
A 
B 
C 
D 
f 
G 
H 
J 

• 
L 
N 
P 
R 
S 

TO-92 EIA 
RADIAL 

TAPE REEL 
OR 

AMMO 
PACK 

MllllMmRS INCHES 
MIN MAX MIN MAX 
4.32 5.33 0.170 0.210 
4.45 5.liI 0.175 0.205 
3.18 4.19 0.125 0.165 
0.41 0.55 0.Q16 0.022 
041 0.46 0.016 0.019 
1.15 1.39 0.045 0.055 
- 2.54 0.100 
2.42 2.66 0.095 0.105 

12.70 0.500 -
6.35 - 0.250 -
2.04 2.66 0.080 0.105 
2.93 0.115 
3.43 0.135 
0.39 0.50 0.015 O.Olil 

MOTOROLA SMALL-S)GNAL TRANSISTORS, FETs AND DIODES 

6-5 

• 



• 

TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 

Figure 1. Device Positioning on Tape 

(_."r~2BI!/> '., r\ . ![ ,/ 
\ ..... \\ i ,/ .. , .. ./ 

T1 ~ 

T~· 

02· ':'It 
., I. T2 

I ,I, 
·B" 

Specification 

Inches Millimeter 

Symbol Item Min Max Min Max 

A Component Body Height 0.170 0.210 4.32 5.33 

B Component Body Width 0.125 0.165 3.18 4.19 

C Component Body Length along Tape 0.1748 0.2052 4.44 5.21 

D Tape Feedhole Diameter 0.145 0.1693 3.7 4.3 

Dl Component Lead Width Dimension 0.Q16 0.022 0.41 0.56 

D2 Component Lead Thickness Dimension 0.015 0.020 0.38 0.51 

Fl, F2 Component Lead Pitch 0.0945 0.110 2.4 2.8 

H Bottom of Component to Seating Plane 0 0.0985 0 2.5 

H1 Feedhole Location 0.3346 0.3741 8.5 9.5 

H2A Deflection Left or Right 0 0.039 0 1 

H2B Deflection Front or Rear 0 0.051 0 1.3 

H3 Feedhole to Overall Component Height 0 1.2600 0 32 

H4 Feedhole to Bottom of Component 0.7086 0.768 18 19.5 

H5 Feedhole to Seating Plane 0.610 0.649 15.5 16.5 

L Defective Unit Clipped Dimension 0.3346 0.433 8.5 11 

L1 Lead Wire Enclosure 0.09842 - 2.5 -
P Feedhole Pitch 0.4921 0.5079 12.5 12.9 

P1 Feedhole Center to Center Lead 0.2342 0.2658 5.95 6.75 

P2 First Lead Spacing Dimension 0.1397 0.1556 3.55 3.95 

T Adhesive Tape Thickness 0.06 0.08 0.15 0.20 

T1 Overall Taped Package Thickness - 0.0567 - 1.44 

T2 Carrier Strip Thickness 0.014 0.027 0.35 0.65 

W Carrier Strip Width 0.6889 0.07481 17.5 19 

W1 Adhesive Tape Width 0.2165 0.2841 5.5 6.3 

W2 Adhesive Tape Position - 0.01968 - 0.5 

NOTES: 
1. Maximum alignment deviation between leads not to be greater than 0.2 Mm. 
2. Defective components shall be clipped from the carrier tape such that the remaining protrusion (L) does not exceed a maximum of 11 Mm. 
3. Component lead to tape adhesion must meet the pull test requirements established in Figures 10, l' and 12. 
4. Maximum non-cumulative variation between tape feed holes shall not exceed 1 mm in 20 pitches. 
5. Holddown tape not to extend beyond the edge's) of carrier tape and there shall be no exposure of adhesive. 
6. No more than 3 consecutive missing components is permitted. 
7. A tape trailer. having at least three feed holes is required after the last component. 
8. Splices shall not interfere with the sprocket feed holes. 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 

REEL STYLES 

Figure 2. Reel Specifications 

ARBOR HOLE OIA. 
3O.S mm ± 0.25 mm 

COREDIA. 
82mm ± 1mm 

__ i 
MARKING NOTE 
SEE FIGURE 13 

--- ----

[ 
---=--= 1FT 

HUB RECESS 
762mm:!: lmm 

RECESS DEPTH , ... ", •.. .,,-.-~ 
.n •• ~ , ., - • ,-

MAX I I ' I 
Material used must not cause deterioration of components or degrade lead solderability. 

Figure 3. Style A 

CARRIER STRIP 

000 

Rounded size of transistor and adhesive tape visible. 

Figure 5. Style E 

CARRIER STRIP 

ADHESIVE TAPE 

000 

Flat side of transistor and adhesive tape visible, 

Figure 4. Style B 

ADHESIVE TAPE ON REVERSE SIDE 

CARRIER STRIP 

FEED~=..,.._O __ O __ O __ O ___ .... 

Flat side of transistor and carrier strip visible (adhesive 
tape on reverse side). 

Figure 6. Style F 

ADHESIVE TAPE ON REVERSE SIDE 

CARRIER STRIP 

FEED~_.,.._O __ O __ O __ O __ --, 

Rounded side of transistor and carrier strip visible (adhe· 
sive tape on reverse side). 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 

Figure 7. Style M 

Style M ammo pack is equivalent to 
Styles E and F of reel pack dependent 
on feed orientation from box. 

Figure 10. Test #1 

The component shall not pull free with 
a 300 gram load applied to the leads 
for 3 ± 1 second. 

AMMO PACK STYLES 

Figure 8. Style P 

Style P ammo pack is equivalent to 
Styles A and B of reel pack dependent 
on feed orientation from box. 

ADHESION PULL TESTS 

Figure 11. Test #2 

HOLDING 
FIXTURE 

The component shall not pull free with 
a 70 gram load apptied to the leads for 
3 ± 1 second. 

Figure 9. Ammo Pack Dimensions 

2.~ 
MAX 

Figure 12. Test #3 

500 GRAM PUll FORCE 

" 252 mm MAX 
9.92" 

--l 

There shall be no deviation in the 
leads and no component leads shall 
be pulled free of the tape with a 500 
gram load applied to the component 
body for 3 ± 1 second. 

Figure 13. Marking for Reel/Ammo Pack Figure 14. TO-92 Tape and Reel Shipping Container 

DEVICE 

CUSTP/N 
QA LOT #: 

CONTROL #: 

OA #: 

REV: QTY: 

REV: 

D/C: 

SOURCE: 

REV: 

CUTOUT FOR READING RE~ 

HEAWDUTYWHITE ~ 
CARBON LAYERED /' LABEL 
CORRUGATED 
BOX 

~'Q 
LABel 
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TO-92 Tape Reel Pro Electron 
Radial tape reel and ammo pack of the reliable TO-92 package are the 

best methods of capturing devices for automatic insertion in printed circuit 
boards. These methods of taping are compatible with various equipment 
for active and passive component insertion. 

• Available on 365 mm Reels 
• Available in Ammo Pack (Fan Fold Box) 
• Accommodates Various Inserters 
• Allows Flexible Circuit Board Layout 
• 2.5 mm Pin Spacing for Soldering 
• Conforms to EIA ACP Standard 1375 (RS-4681* 
*EIA ACP reel diameter 360 mm. Motorola is 365 mm. 

When ordering radial type ON REEL specify the style per Figure 4. Add 
the suffix to the device title, i.e. BC237ARL 1. This will be a standard 
BC237A radial taped and supplied on a reel per RL 1 option. 

NOTES, 
1. CONTOUR Of PACKAGE BEYOND ZONE "P" IS 

UNCONTROLLED 
2. DIM "f" APPLIES BElWEEN "H" AND '"l". DIM 

"0" & "5" APPLIES BETWfEN "L" & 12.7Omm 
(0.5"' fROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12.70mm 
(0.51 fROM SEATING PLANE. 

~ CONTROLLING DIM, INCH. 

CASE 29-04 
TO·226AC 

(TO-92) 

DIM 
A 
B 
C 
0 
f 
G 
H 
J 
K 
L 
N 
P 
R 
S 

TO-92 
Tape Reel 

and 
Lead Forming 

MlLUMrnIIS INCHES 
MIll MAX MIN MAX 
~32 5.33 0.110 0.210 
4.45 5.20 0.175 0.205 
.18 4.19 0.125 0.165 

0.41 0.55 0.016 0.022 
0.41 0.48 0.016 0.019 
1.15 1.39 0.045 0.055 

2.54 0.100 
2.42 2.66 0.095 0.105 

12.10 - 0.500 -
6.35 - 0.250 
2.04 2.66 0.0811 0.105 
2.93 0.115 
3.43 0.135 
0.39 0.50 0.015 0.020 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 

Figure 1. Taping Procedure 

Specification 

Min Max 
Symbol Item mm mm Remarks 

0 Tape Feed Hole Diameter 3.7 4.3 
F Overall Component Lead Pitch 4.8 5.8 
F1 Component Lead Pitch 2.4 2.9 
H Height of Seating Plane 15.5 16.5 Note 2 
H1 Feed Hole Location 8.5 9.75 Notes 9 & 10 
H2A,B Deflection Front or Rear, Left or Right 0 1.0 Note 1 
H3 Feed Hole to Bottom of Component 18 19 
L Lead Length After Component Removal 0 11 Notes 3 & 8 
l1 Lead Wire Enclosure 2.5 - Note 4 
P Feed Hole Pitch 12.4 13 Note 5 
P1 Feed Hole - Component Centre Distance 5.95 6.75 
P2 Feed Hole - First Lead Distance 3.02 4.35 
P3 Component Centre Pitch 11.7 13.7 
T Total Tape Thickness 0.5 0.9 
T1 Overall Taped Package Thickness - 1.44 Note 6 
T2 Carrier Tape Thickness 0.38 0.68 Note 6 
W Overall Tape Width 17.5 19 Note 7 
W1 Holddown Tape Width 5.7 6.3 Note 7 
W2 Holddown Tape Position 0 0.5 Note 7 _: 

. ,. Maximum alignment deviation between leads not to be greater than 0.2 Mm. 
2. As illustrated, the clearance to the lead standoff form shall be defined to the point of radius for the standoff form. 
3. Defective components shall be clipped from the carrier tape such that the remaining protrusion (LI does not exceed a maximum of 11 Mm. 
4. Component lead to tape adhesion must meet the pull test requirements established in Figures 4, 5 and 6. 
5. Maximum non-cumulative variation between tape and feed holes shall not exceed 1.0 mm in 20 pitches. 
6. Overall taped package thickness, including component leads and tape splices shall not exceed 1.44 mm. 
7. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 

, 8. No more than 3 consecutive missing components is permitted. 
9. A tape trailer having at least three feed holes is required after the last component. 

10. Splices shall not interfere with the sprocket feed holes. 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 

Figure 2. REEL Pack Dimensions 

ARBOR HOLE DIA. 30TYP 
REEL MARKING 
ISEE MARKING 

NOn:S 1 AND 21 

RECESS DEPTH 
3l0MAX --:~ 

9.5 ;IN -I 80 r- 44 MAX 

DIMENSIONS IN MILL/METRES 

Figure 3. AMMO Pack Dimensions (Dimensions in mm) 

rl\)-------l\~~\ 

_i t ® 1 
0:=1. ==-330===~1 ZL1~ 

10SI,@}-

ZL1 
1061 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 

Figure 4. Ordering Notes 

1. Each package (AMMO and REEL) contains two thousand pieces: orders have to be e multiple of 2000. 
2. How to choose a style of Reel Winding? 

- Determine the pinout of the device (Style Number - see Product Data Sheet) 
- Determine with the customer which lead he wishes to see first when pulling the tape. 
- Match both Style Number and First Lead information to find compatible options (see table in Figure 4). 

TOP VIEW 

TAPE DIRECTlON,--... 

Rl1 
Zl1(05) 

Rl 

H 

First Lead Seen 

Rl2 
Zl1(06) 

@ 
Pinning 

REEL Tape Option AMMO Pack Option 

Style Bottom View RL1 RL RLZ 

Transistors 
1 2 3 

1 E B C Collector Emitter Emitter 
17 C B E Emitter Collector Collector 
2 B E C Collector Base Base 

14 E C B Base Emitter Emitter 
21 C E B Base Collector Collector 

FETs 
1 2 3 

23 G S 0 Drain Gate Gate 
5 0 S G Gate Drain Drain 

22 S G 0 Drain Source Source 
30 0 G S Source Drain Drain 

Example: 
BC237B with Emitter first lead from tape ... (see Data Sheet for style) 
Style 17 gives RL 1 option for Tape on REEL or AMMO Pack accessed from side os. 
*ZL2 is the same as ZL 1 except the unit at the fold is missing and each row is 24 units. 

ZL1(051* 

Collector 
Emitter 

Collector 
Base 
Base 

Drain 
Gate 
Drain 

Source 
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Base 
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Collector 
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Drain 
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TO-92 TAPE REEL AND LEAD FORMING (PRO ELECTRON) 

Figure 5. Adhesion Pull Test Figure 6. Adhesion Pull Test No.2 Figure 7. Adhesion Pull Test No.3 

100 GRAM 
PULL FORCE -~IIIF------.... 

! _ ...t:a>::::==::z~1-

HOLDING 
FIXTURE 

500 GRAM PULL FORCE 

The component shall not pull free with 
a 300 gram load applied to the leads for 
3 ± 1 second. 

The component shall not pull free with 
a 70 gram load applied to the leads for 
3 ± 1 second. 

There shall be no deviation in the leads 
and no component leads shall be pulled 
free of the tape with a 500 gram load 
applied to the component body for 3 ± 
1 second. 

Marking Notes: 
1. Minimum container and reel marking shall consist of 

the following items: 
a. Motorola 
b. Customer Purchase Order Number 
c. Quantity 
d. Date of Reeling 
e. Motorola Part Number 

2. Where applicable, the following items will be 
included: 
a. Customer Part Number 
b. Device Date Code 

TO-92 LEAD FORMING 

Figure 8. Ordering Notes 

How to choose Lead Form option: 

1. Determine option either TO-18 or TO-5, see Dimen
sional Drawings 
*Identify measu rement between centres of the two 
outside leads: 
i.e. 2.5 mm for TO-18 

5.0 mm for TO-5 

2. Determine the pinout of the device (Style Number
see Product Data Sheet) 

3. Identify Drawing corresponding to Style Number (see 
Figures 8a and 8b). 

Example: 
BC237B configured TO-18 .... 
See Data Sheet for Style Number 
Style 17 ... Drawing indicates Dimensions, and that posi
tion of Centre Lead is towards the round side of the prod
uct (towards the back) 
Order type: BC237B18 

Other Examples: 
P2N2222-18 
2N5551-5 
BC337-25-5 

P2N2222A18 
BC488A18 
BC547C5 

Note: For reverse configurations, please consult the 
factory. 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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TO-92 Lead Forming Ordering Notes: 
When ordering Lead Formed TO-92, 
verify the style per Figures la and lb. Lead configurations conform to TO-1S or TO-5 pin circles. 

Figure 1a. TO-1S Stvles and Dimensions 

2.5 ± 0.5 
0.098 ± 0.02 

0.5 TYP .-J I.- _ 
0.02 -I r- 9.5 MIN_ 

Styles: 17, 14, 21 fB-
II 0.374 

i. _ . _ 
T-

1.5 ± 0.5 I I 
1 
I 

LFLAT 
SIDE 

I 

. . . millimeters 
DimenSions are In inches 

0.059 ± 0.02 -l -

0.059 ± 0.02 
1.3 ± 0.3 

1.5±0.5li 

0'051.0'~~2+:~_~~~~~~~t"I~:-:-:-:~j·~ ___ 

-t 1_ J lFLAT 
O'~i;P - :::=..- 9.5 MIN ---r;:' 0.5 SIDE 

0.374 0.098 ± 0.02 

Figure 1b. TO-5 Styles and Dimensions 

_L~~=~ 
2.5 ± 0.3 

0.098 ± 0.012 

t FLAT 
SIDE 

5±rr:+ . ___ _ 

0.197 rr __ -=~~=====i~r-":":"~ 
2.5±0.5 j 

0.098 ± 0.02 

2.5 ± 0.3 
0.098 + 0.012 

t -~ 1.5 ± 0.5 
0.059 ± 0,02 

FLAT 
SIDE 

-+- 2.5 ± 0.5 
0.098 ± 0.02 
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The following pages contain information on the various pack
ages referenced on the individual data sheets. Information 
includes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for case numbers, old JEDEC "TO" numbers, and the 
new JEDEC "TO" designation. 

Additionally, abstracts of available application notes are pro
vided. Please contact your local sales representative for those 
desired. 

Package Outline 
Dimensions and 

Application Literature 
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Package Outline Dimensions 
Dimensions are in inches unless otherwise noted. 

CASE 20-03 TO-72 (TO-206AF) METAL 

,I 
NOTE: ALL RULES AND NOTES ASSOCIATED WITH TO-72 

OUTUNE SHALL APPLY. 

4 

MIlUMETERS INCHES 
DIM MOl MAX MIN MAX 
A '" .84 0.209 0.230 
8 <52 <9. 0.178 0.195 
C 4.32 ." 0.170 0.210 
0 OAI 0.53 0.016 0.021 
E 0.76 0.030 
F 0.41 0.48 0.016 0.019 
G 2.54BSC o.l00BSC 
H 11.91 1.11 0.036 0.048 
J 0.71 1.22 0.028 0.048 
K 12.70 0.500 
L 6.35 0.2!il 
M 48"8SC ""BSC 
N 1.27BSC O.05OBSC , 1.2.7 0.050 

All JEDEC dimenSions and notes apply. 

CASE 22-03 TO-18 (TO-206AA) METAL 

,f! 
- lNatES 

011 MIN MAX MIN MAX 
A 5.31 5.84 0.209 D.230 
8 <52 495 0.118 0.195 
C 432 5.33 0.170 0.210 
0 0.4% D.533 0.016 0.021 
E 0.762 D.03O 
F 0.4% '483 0.016 0.019 
G 2.54SSC o.100BSC 
H 0.914 1.17 0.036 .048 
J 0.711 1.22 0.028 0.048 
K 12.70 0.500 
l a35 0150 
M 48"BSC 48"SSC 
N 1.2] BSC 005085C 
P 1.27 0.050 

All JEDECnotes and dimensions apply. 

CASE 26-03 TO-46 (TO-206AB) METAL 

r..t:~c r _-, 
1. l 

___ ~ K 

:~ 

STYLE 1. 
PIN!.EMITTER 

2. BASE 
3. COLLECTOR ,/ 

M1llNETERS INCHES 
DIM MIN MAX MrI MAX 
A 5.31 5.84 .209 .230 
8 452 4.95 0.178 0.195 
C 1.65 2.16 0.065 0.085 
0 0.4% 0.533 0,016 0.021 
E 1.02 0.040 
F 0.305 DABa 0.012 0.019 

--JG G 2.54BSC 0.100Bse 
H 0.914 1.17 0,036 0.048 
J 0.711 1.22 0.028 0.048 
K 12.70 0,500 
l 6.35 0.250 
M 45°BSC 45°BSC 
N 1.27 BSC O.05OBSC , 1.27 D.05O 

A1IJEOEC dimensloos aoo notes apply. 

CASE 20 STYLES 

5TYlf1: 
PlNt.SOURCE 

2. DRAIN 
1 GATE 
4 CASt LEAD 

STYLE 2: 
PIN 1. SOURCE 

2. GATE 
3.DRAlN 
4. SUBSTRATE AND 

CASE LeAD 

STYLE 3: 
P\N1.ORAIN 

2.SOUACE 
3. GATE 
4. CASE LEAD 

STYLE 4: 
PIN 1. SOURCE 

2. GATE 
3.DlWN 
4. GATE 2-

SUBSTRATE 
AND CASE 

CASE 22 STYLES 

STYLE 1: 
PINt EMlnER 

2. BASE 
3. COLLECTOR 

STYLE 2: 
PINt SOURCE, 

SUBSTRATE 
AND CASE 
GATE 
DRAIN 

STYLE 3: 
PIN 1. SOURCE 

2. DRAIN 
3 GATE 

STYLE 4. 
PINt. SOURCE 

2. DRAIN 
3. GATEANO 

CASE 

STYLES: 
PIN 1. EMmER 

2. BASEl 
3. BASE2 

STYLE 5: 
PIN I. SOURCE 

2. GATE 1 
lDRAlN 
4 CASt 

STYLEs: 
PIN t. DRAIN 

2. SQURCEAND 
SUBSlRATE 

3. GATE 
4. SOURCE AND 

SUSSmATE 

STYLE 7; 
PIN 1. DRAIN 

2.SDURCE 
3. GATE 
4. CASE AND 

SUBSTRATE 

STYLES: 
PIN 1. EMlmR 2 

2. BASE 1 
3. COllEcroR 
4.EMITIEAl 

BASE 2 

STYLe 6: 
PIN 1. CATHODE 

2. GATE 
3. ANODE 

STYLE 7: 
PIN 1. ANODE 

2. BASE 
1 CATHODE 

STYLEB: 
PIN 1. GATE 

2. ANODE 1 
3 ANODE2 

STYlE 9: 
PIN 1. ANODE 2 

2. ANODE 1 
3. GATE 

(CONNECTED 
TO CASE) 

STYLE 10: 
PIN 1. BASE 

2.EMlffiR 
3. BASE 

smE9: 
PlN1.DRAlN 

2. GA1E 2 
3. GATE I 
4. SOURCE. 

SUBSTRATE 
AND CASE 

STYLE 10: 
PIN 1. EMlmR 

2. BASE 
lCOLJ.EcrOR 
<CASE 

STYLE 11: 
PIN 1. EMlmR 

2.CAlHODE 
1 COLLECTOR 
(ANODE 

STYLEt1: 
PIN 1. DRAIN 

2 GATE 
3 SOURCE. 

SUBSTRATE 

STYLE 12: 
PIN 1. SOURCE 

2. GATE 
3. DRAIN (CASE) 

STYLE 13: 
PIN 1. ANODE 

2. GATE 
3. CATHODE 

CASE 27-02 TO-52 (TO-206AC) METAL 

NOTE. 

SffiEt: 
PIN 1. EMITTER 

2. BASE 
3. COllECTOR 

5002: 
PIN 1 DRAIN 

2.50URCE 
3.GATE&:CASI: 

STYl£3: 
PIN 1. EMlmR 

2, BASE 
3. BASE 2 

1 All RULES &: NOTES ASSOCIATED WITH TO-52 
OUTUNE SHAll APPLY. 

S1'YlE4: 
PIN 1. SOURCE 

2. DRAIN 
3. GATE & CASE 

STYLe 5. 
PIN 1. SOURCE 

2. GATE 
3. DRAIN & CASE 3 

IoIWMffiRS 
1l1M MIN MAX 
A 5.31 5.84 
B <52 <95 
C 2.92 lSI 
D 0.533 
E 0.762 
F 0.4% 0,483 
G 2.54BSC 
H 0.914 1.17 
J 0.711 1.22 
K 1270 
L .35 
M 48"BSC 
N 1.27BSC 
P 1.27 

lNatES 
"'N MAX 
0.209 0.230 
0.178 0.195 
0.115 0.150 

0.021 
0030 

0.016 0.019 
O.l00BSC 

0.036 0.048 
0028 0.048 
0.500 
0.250 

45°BSC 
(I.(l5085C 

0.050 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 29-03 TO-92 (TO-226AE) PLASTIC 

NOTES: 
1. DIMENSIONS ·A· AND ·8· ARE DATUMS. 
2. -T- IS SEAnNG PlANE. 
3. POSITIONAL TOLERANCE FOR LEADS: 

1.1 ~0.1010.0041 ®ITIA®I' ® I 
4. DIMENSIONING AND TOLERANCING PER 

ANSIY14.5,1982. 
5. CONTROlliNG DIM: INCH. 

MIllIMETERS 
DIM MIN MAX 
A 7.37 7.81 
B 4.44 5.21 
C 3.18 4.19 
D 0.46 0.61 
G 1.27BSC 
J 2.54BSC 
K 12.70 
N 2.03 2.92 
R '.43 
S 0.46 0.61 

CASE 29 STYLES smE13, STYLE 20, 
PIN 1. ANODE 1 PIN 1. NOT CONN 

STYLH STYLE 7: 
2. GATE 2. CATHODE 

PIN 1. EMITTER PIN 1. SOURCf 
1 CATHODE 2 3. ANODE 

2. BASE 2. DRAIN smEl~ STYLE 21: 

,. COLLECTOR 3. GATE PlN1.EMrnER PIN 1. COLLECTOR 

smE2, STYLE 6, 
2. COllECTOR 2. EMITTER 
3.BASE 3. BASE 

PINt BASE PIN 1. DRAIN STYlE 15: STYLE 22: 2.EMMITTER 2. GATE PIN 1. ANODE 1 PIN 1. SOURCE 3. OOlLECTOR 3. SOURCE & 2. CATHODE 2. GATE 
smE" SUBSTRATE ,. ANODE 2 3. DRAIN 
~N 1. ANODE STYlE 9, smE16, smE2', 2. ANODE PIN 1. BASE 1 PIN 1. ANODE PIN 1. GATE 3. CATHODE 2. EMITIER 2. GATE 2. SOURCE 

smE., 3. BASE 2 3. CATHODE 3. DRAIN 
PIN 1. CATHODE STYLE 10: STYLE 17' STYLE 24' 

2. CATHODE PIN 1. CATHODE PIN 1. COLlECTOR ~N 1. EMInER 
3. ANODE 2. GATE 2. BASE • 2. COLLECTOfLI 

STYLES: ,. ANODE 3. EMITTER ANODE 
PIN 1. DRAIN STYlE 11: STYlE 16, 3. CATIIODE 

2. SOURCE PIN 1. ANODE PIN 1. ANODE STYlE 25: ,. GATE 2. CATIIODE & 2. CATHODE PIN 1. MTl 
STYLE 6, ANODE 3. NOTCDNN 2. GATE 

PIN 1. GATE ,. CATHODE 
STYLE 19: 3. MT2 

2. SOURCE & STYlE 12, PIN 1. GATE STYLE 26: 
SUBSTRATE PIN 1. MAIN TER 1 2. ANODE PIN1 Vee 

3. DRAIN ~ GATE 3. CATHODE 2. GROUND 3. MAiNlER2 3. OUTPUT 

CASE 79-05 TO-39 (TO-205AF) METAL 

15A-
R • 

~ -i-1 I ~ 
j " 

---1~D3P1. 
Itl';03IH00141®ITI A@(H@I MIlUMETERS 

DIM MIN MAX 
A 9.02 9.29 
B 8.01 8.50 
C •• 20 4.57 
0 0.44 0.53 
E 0.44 0.68 

~H. '.--: G 

M J'.) 
F 0.41 0.48 
G 5.I18BSC 
H 0.72 0.86 
J 0.7. 1.01 
K 12.70 19.05 
L 6.'5 
M 45°BSC 
p - 1.27 
R 2.54 -

INCHES 
MIN MAX 
0.290 0.310 
0,175 0.205 
0.125 0.165 
0.018 0.024 

O.OS08SC 
Q.l00BSC 

0.500 
0.1lBD 0.115 
0,135 
0.018 0.02' 

STYlE 27: 
PINt. MT 

2. SUBSTRATE 
,. MT 

STYLE 28: 
PIN 1. CATHODE 

2. ANODE 
,. GATE 

STYLE 29: 
PIN 1. NOT CONN 

~ ANODE 
3. CATHODe 

STYLE 3D: 
PIN 1. DRAIN 

2. GATE 
3. SOURCE 

STYLE 31: 
PIN 1. GATE 

2. DRAIN 
,. SOURCE 

e 

INCIIES 
Mill MAX 
0.355 0.'66 
0.315 0.335 
0.165 0.180 
0.017 0.021 
0.017 0.035 
0.016 0.019 

0.200BSC 
0.028 0.034 
0.029 0.040 
0.500 0.750 
0.250 

45°BSC 
0.050 

0.100 

CASE 29-04 TO-92 (TO-226M) PLASTIC 

Nom, 
1. CONTOUR OF PACKAGE BEYOND ZONE "P" IS 

UNCONTROLLED. 
2. DIM "F" APPLIES BElWEEN "H" AND "l", DIM 

"0" 81 "5" APPLIES BETWEEN "l" 81 12JOmm 
(0.5"1 FROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12.7Omm 
(0.5" FROM SEATING PLANE. 

3 CONTROLLING DIM INCH 

MKUM£lERS 
DIM MIN MAX 
A ~92 5.33 
B '.45 • C 3.18 4.19 
D 0.41 0.55 
F 0.41 n46 
G 1.15 1.39 
H 2.54 
J 2.42 2.66 
K 12.70 
L 6.16 
N 2.04 2. 
P 2.93 
R '.43 
S 0.39 0.50 

INCHES 
MIN MAX 
0.170 0.210 
0.175 0.206 
0.125 0.165 
0.016 0.022 
0,016 0.019 
0.045 0.065 

0.100 
0.065 0.105 
0.600 -
0."" 
0.080 0.105 
0.115 
0.135 
0.015 0.020 

CASE 79-04 TO-39 (TO-205AD) METAL 

~t3'-
~. 

-- j j 

~ -=J--1 
--I~DIPl 

....., .... 

MILUMrnftS INCHES 

Itl400.36100141®ITIA®IH®1 
DIM MIN MAX MIN MAX 
A 8.51 9.39 0.335 0.370 

CASE 79 STYLES 

STYlE 1 
PIN 1 eMITTER ",s, 

3 COLLeCTOR 

STVLE2 
PIN1DAAlN 

2. SOURCE 
3GATf. 

ST'fLE3. 
PIN 1 CATHODE 

2 GATE 
3 ANODE 

sm. .. 
PIN, MAlNTf.RM I 

2 GATf. 
3 MAIN TERM 2 

B 7.75 8.50 0.305 0.335 
C 6.10 6.60 0.240 0.260 
D 0.'1 0.53 0.016 0.021 
E 0.23 1.04 0.0118 0.041 
F 0.41 0.48 0.Q16 0.019 
G 5.I18BSC 0.200 BSC 
H 0.72 0.86 0.028 0.034 
J 0.7. 1.14 0.029 0.045 
K 12.70 19.05 0.500 0.750 
L 6.35 0.250 
M 45° BSC 45°BSC 
p 1.27 
R 2.54 0.100 

NOTES. 
1. QlMfNSIONING AND TotERANCING PER ANSI 

V14.5M,1982. 
2 CONTROlLING DIMENSION: INCH. 
3 DIMENSION J MEASURED FROM O1MENSION A 

MAXIMUM 

0.050 

4 OIMENSIDNBSflALLNOTV/lJiVMDREl'HANO.25 
(0.0101 IN ZONE R TliIS ZONE CONTROllED FOR 
AUTOMATICHANDUNG. 

S. DIMENSION f APPLIES BETWEEN DIMENSION P 
AND L. DIM:NSION o APPUES 8£TWEfN 
O1MENSiON LAND K MINIMUM. LEAD DlAMmR 
ISUNCQN7lIDLLEDINI)IMfNSIONf'AND 
BEYOND DIMENSION K MINIMUM 

STYLES 
PIN I COLLECTOR 

2 BASE 
3 EMITTER 

STYLE6. 
PIN1SOURCf. 

2 GATE 
30RAIN 

ICASEI 

STYLE 7 
PIN I DRAIN 

, GATE 
3. SOURCe 

snUB 
PlN1ANQDE 

'ANODE 
lCATHODE 

ST"I~' 
PIN 1 SOURCE ,DR" 

lGATf. 

STYlE 10 
PIN 1 comCTOR 

2 EMmER 
'BASE 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 182-02 TO-92 (TO-226AC) PLASTIC 

! 
CASE 318-03 TO-236AB (SOT-23) PLASTIC 

NOTES STYLE 1 

1.
3 

NOTES. 1 CONTOUR OF PACKAm SEYONDZONE PIS PIN 1 ANODE 

UNCONTROLLED 2CATflODE 1. OIMENSIONING AND TOLERANCING PER 
2DIMENSIONFAPPLIESBETWEENHANOL 

STYU2 ANSI YI4.5M. 1982. 
DIMENSION OANDSAPPLIES BETWEEN LAND 

PINICATKODE 2. CONTROLLING DIMENSION. INCH. 1271lmm IOS"l FROM SEATING PLANE LEAD 
OMENSION IS UNCONTROLLED IN HAND 2 ANODE 2 
BEYOND 1270mm {05"'FROM SEATING PLANE 

SmE3 
PIN 1 MAINTI:RMINAll 

~A- MILUMETERS INCHES 
2 MAINT£AMINAl2 iNr DIM MIN MAX MIN MAX 

1'1· A 2.80 3.04 0.1102 0,1197 .. MIWMETERS INCHES B 1.20 1.40 0.0472 0.0551 

'1~ , DIM MIN MAX MIN MAX II 1!----1 r c 0.89 1.11 0.0350 
~~ I H 

SEAnNG3 -t.-t A 4.32 5.33 0.170 0.210 D 0.37 0.50 O.01W 
I'IANE j, B 4.45 5.21 0.175 0.205 I 1 3 l, B L F 0.085 0.130 0.0034 0.0051 F I L 

C 3.18 4.19 0.125 0.165 G 1.78 2.04 0.0701 0.0807 
'- K D 0.41 0.56 0.Q16 0.022 J4J .J=U H 0.45 0.60 0.0177 0.0236 

F 0.407 0.482 0.Q16 0.Q19 K 0.013 0.100 0.0005 0.0040 .. '- G 1.27 BSC 0.050 Bse 
H LG L 2.10 2.50 0.0830 009114 

p .... ,-- H 1.27 O.OW M 0.45 0.80 0.0180 0.0236 ~~G 1°11 ~J ~ J 2.54Bse 0.1008SC 

~ 
N 0.89 1.02 O.03W 0.0401 

~t K 12.70 0.500 
SECTAA 1- L 6.35 0.250 

b=d-.l C ~-.l '. _ R N 2.03 2.66 0.080 0.105 
c P 2.93 - 0.115 -V·-1- r R 3.43 0.135 D-J L -:JI.JM J I S 0.36 0.41 0.014 0.Q16 ... N:.... j, 

CASE 318 STYLES STYLE 16. CASE 370-01 (FET DIP) PLASTIC Ii== L ~ 
PIN 1. ANODE 

~~A 
STYLE 6: STYLE 11: 2. CATHODE 1 

PINI. BASE PIN 1. ANODE 3. CATHODE 

0 2. EMITTER 2. CATHODE 
STYLE 17: 

• ~.~ ~, -J • ,-II-

3. COLLECTOR 3. CATHODE-ANODE 
PIN 1. NO CONNECTION 

$TYlE7: STYLE 12: 2. ANODE 
PIN 1. EMITTER PIN 1. CATHODE 3. CATHODE 

2. BASE 2. CATHODE STYLE 18: 3 COLLECTOR 3. ANODE PIN 1. NO CONNECTION 
STYLE 8. STYLE 13: 2. CATHODE 

PIN 1. ANODE PIN 1. SOURCE 3. ANODE NOTES: 
2. NO CONNECTION 2. DRAIN 1. SURFACE 'T' IS BOTH A DATUM AND SEATING 3. DIMENSIONING AND TOLERANCING PER Y14.5M, 

3. CATHODE 3. GATE STYLE 19: PLANE. 1982. 
~N 1. CATHODE 2. POSITIONAL TOLERANCE FOR LEADS; 0 DIM 4 PI.. 4. CONTROLLING DIMENSION: INCH 

STYLE 9: STYLE 14: 2. ANODE I t I 0.271.010)®I·T·1 A®I 
5. DIMENSION "J" PRIOR TO SOLDER DIP PLATING 

PIN 1 ANODE PIN 1. CATHODE 3. CATHODE - ANODE 
2_ANODE 2. GATE 

lEADS'J DIM4Pl MILUMETERS INCHES 

3. CATHODE STYLE 20: ItI0.2710.0101~I-T·18~1 DIM MIN MAX MIN MAX 
3. ANODE 

PIN 1 CATHODE A 4.70 5.02 0.185 0.198 
STYLE 10. STYLE 15: 2. ANODE 

-" 
B 6.10 7.11 0.240 0.280 

PIN I DRAIN PIN 1. GATE 3. GATE 
C 4.06 5.08 0.160 0.200 

2. SOURCE 2. CATHODE STYLEt 
D 0.38 0.63 0.015 0.025 

3. GATE 3. ANODE STYLE 21: PINt. DRAIN G 2.54BSC O.l00BSC 

PIN 1. GATE 2. GATE J 0.30 0.43 0.012 0.017 

NOTES: 2. SOURCE 3. SOURCE 
K 2.79 3.81 0.110 0.150 
L 7.62 B5e O.300BSC 1. DIMENSIONING AND TOLfRANCING PER ANSI 3. DRAIN M 0- 15' 0- 15' YI4.5M,1982. N 0.51 1.77 0.020 0.070 

2. CONTROLLING DIMENSION: INCH. 

CASE 606-04 TO-91 CERAMIC CASE 607-04 CERAMIC 
STYLE 1. 

C 
~Nl COLLECTOR 

F·--lfJ- 1 2 BASE 
r.: ----:U 3 EMmER 

I • t '1 '--t- 4 NOT CONNECTED 
7 .J !!~'--------'~=n 5. EMITTER 

L, 
I • 3 A 6. BASE 

liD. i ~ re:~ 7 COllECTOR • 2 8 COLLECTOR 

'[ 
,. 1 9 BASE 

-I~; - tN 10 EMlmR 

C 14 1'L 
-,1=", L 11. NOT CONNECTED 

"}t;"""I'@1 
12 EMITTER 

r i""j"Kj 1 -----.l 13. BASE 

"'"----S 1 ,om 14 COLLECTOR 

I l=i l-N~ ~ 

+1 .. I'¥'ILUMETERS INCHES 

L .. I J { DM MIN MAX MIN MAX 
NOTES: A 6.10 6.98 0.240 0.275 H C 1. DIMENSIONING AND TOLERANCING B 610 6.98 0.240 0275 

~1 
PER ANSI Yl4.5M, 1982. C 0.77 1.77 0.030 0.070 

MlLUMETERS INCHES 2. CONTROLLING DIMENSION' INCH D 0.26 0.48 0.010 0.019 
DIM MIN MAX MIN MAX 3. DIMENSIONS P DETERMINE ZONE WITHIN WHICH F 0.38 0.D15 
A 6.10 7.38 0.240 0.290 ALL BODY AND LEAD IRREGULARITIES LIE G 127BSC 0.050BSC 

10 B 6.10 6.60 0.240 0.260 H 013 0.88 0.005 0.035 
C 0.762 1.n 0.030 0.070 14 J 008 0015 0.003 0006 

NOTE: D 0.254 0.482 0.010 0.019 • 635 - 0.250 -
1. ALL RULES &: NOTES ASSOCIATED WITH TO-91 F 0.017 0.152 0.003 0.006 

1~ 
L 0.26 0.010 

ounlNE SHALL APPlY. G 1.15 1.39 0.045 0.065 ~ ~ 4.~§ .Q.1lL~ 
2. LEADS WITHIN 0.25 mm 10.010)lOTAl OF TRUE H 0.127 0.889 0.006 0.035 P 038 -O~O~ POSITION AT MAXIMUM MATERIAL CONDITION K 1.78 0.070 S 18.80 

IATBODY) A 0.381 0.015 V 7.62 636 0300~ 

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 607-05 CERAMIC 

Itlcll10OC51@ IA® i 

"lt~"~~~-- J:-:-

NOTES DIM 
1 DIMENSIONING AND TOLERANCING A 

PER ANSI V145M,1982 • 2 CONTROLLING DIMENSION- INCH C 
3. DIMENSIONS P DETERMINE ZONE WITHIN WHICH D 

ALL BODY AND LEAD IRREGULARITIES LIE F 
G 
H 
J 
K 

~ l 
~-'. 

P 
S 

14 V 

STYLE 1 
PIN 1 COLLECTOR 

2 BASE 
3. EMITTER 
4 NOT CONNECTED 
5 EMITIER 
6 BASE 
7 COLLECTOR 
8 COLLECTOR 
9 BASE 

10 EMITTER 
11 NOT CONNECTED 
12 EMITTER 
13 BASE 
14 COLLECTOR 

MIWMETERS INCHES 
MIN MAX MIN MAX 
610 6.60 0.240 0.260 
6.10 660 01., 0.260 
077 '" 0030 0.070 
0.33 0.48 0,013 0019 

0.38 0.015 
127 esc 005085C 

030 088 0.012 0.035 
0.08 0.15 0003 0.006 
6.35 9.39 0.250 0370 
0,26 - 0.010 -

0.38 0.015 
18.80 0.740 
7.61 8.38 0.300 0.330 

CASE 620-09 (16-PIN DIP) CERAMIC _ 

t==-0-=-:1 

l::::::l~ NOTES 16 1 
1. DIMENSIONING AND TOLERANCING PER ANSI 

~
c Y14.5M,1982. m 2 CONTROLLING DIMENSION: INCH. 

~ 3 DIMENSION L TO CENTER OF LEAD WHEN 

~ 
FORMED PARALLEL 

~ I 4. OlM F MAY NARROW TO 0.76 (0.030) WHERE THE sr: III K LEAD ENTERS THE CERAMIC BODY 

Filii E -JD ,.. G N DIM ::~LIMET= MI~NCHe:,AX ::Jl!:= A 19.05 19.55 0.750 0.770 

iti0251001m® ITI A®I f31. B 6.10 7.36 0.240 0.290 
C 4.19 0.165 

STYLE 1 D 0.39 0.53 0.015 0.021 
PIN 1 CATHODE 9 ANODE E 1.27 BSC 0.050 BSC ; ~:~~ ~~ :~g~~.l ':v ~ 1.~54 BS~ 77 o.o:.~oo B~~70 

4 CATHQOE 12 ANODE J 0.23 0.27 0.009 0.011 
5 CATHODE 13 ANODE II M K 5.08 0.200 ; g::: ~: :gg~ ....Jl...- J 1UL ~ O? 62 BS~50 O~ 300 BS;50 
8. CATHODE 16.ANODE ItI02510010)@ ITI s®1 N 0.39 0.88 0.D15 0.035 

CASE 646-06 (14-PIN DIP) PLASTIC 

STYlE': 
PIN 1. COLLECTOR 

2. BASE 
3.EMlmR 
4. NO CONNECTlON 
5.EMlmR 
'.BASE 
7. COLLECTOR 
s COLLECTOR 
9. BASE 

lo.EMlmR 
,1. NO CONNECTION 
12EMlmR 
13. BASE 
14. COllECTOR 

NOTES, 

CASE 610A-04 CERAMIC 

STYLE 1: 
PIN 1. BASE 

2EMlmR [G 

~'~~~-J~~~.~.L :;1 1c 

9 -, 8 iK---i H 
M1UlMrnRS 

DIM !ON MAX 
A 6.10 7.37 

• 2.92 4.06 
C 0.76 2.03 
D 0.36 0.48 
F 0.08 0.15 
G 1.27BSC 
H 0.13 0.89 
K 3.81 
l 10.54 
N 2.54BSC 
R 1.27 
T '" 103 

",CHES 
MIN MAX 
0.240 0.190 
0.115 0.160 
0.030 0.070 
0.014 0.019 
0.003 0.006 

0.05085C 
0.005 0.035 
0,150 
0.415 

O.l00BSC 
0.050 

0.065 O.OBO 

I. 
L5U? In 
~T~ .ITt 

NOTES: 
1. DIM "0," "G" &. "N" TO BE MEASURED IN ZONE 

"R." 
2. lEADS WITHIN 0.13 mm 10.005) TOTAl OF TRUE 

POSITION WITHIN "R" AT MAXIMUM MATERIAL 
CONDlnON. 

CASE 632-08 MO-001AA (TO-116) CERAM_C 
r--0=--=-=1 

~ ::::::: I~ 14 1 
, '~.--l C NOTES 

~ 
1. ~~~.~~~lf~~~G ANOTOlERANCING PER ANSI 

I ~ 2. CONTROlliNG DIMENSION: INCH. 

~
T' I 3. DIMENSION l TO CENTER OF LEAD WHEN 

SEAT1NG I K FORMED PARALLEL .... :J 4. DIM F MAY NARROW TO 0 76 10.0301 WHERE TH 
F G N LEAD ENTERS THE CERAMIC BODY. D... fiL itio251ooI01@ITIA®1 I STYLE 1 STYLE 4 

MlLUME'TfRS INCHES PIN 1 COllECTOR PIN 1 DRAIN 
DIM MIN MAX MIN MAX, 2 !lASE 2 SOURCE 
A 19.05 19.94 0.750 0.785 ,~ 3 EMITTER 3 GATE 
B 6.23 7.11 0.245 0.280 // 4 NO CONNECTION 4 NO CONNECTIO 
C 3.94 5.08 0.155 0.200 [! 5 EMITTER 5 GATE 

D 0.39 0.50 0.015 0.020 M 7 COLLECTOR 7 DRAIN JL 6. BASE 6 SOURCE 

F 1.40 1.65 0.055 0.065 J14PL 8 COLLECTOR 8. DRAIN 

~ 0.i;548~.38 0.0~~DOa~.~'5 ! .. IO.25(Q.0101@ITI8®1,~ ~~~R l~·~~~:CE 
K 3.18 4.31 0.125 0.170 11. NO CONNECTION 11 NO CONNECTIO 
l 762 asc 0.300 BSC 12. EMITIER 12 GATE 
M (f 15° 0° 15° 13 BASE 13 SOURCE 
N 0.51 1.01 0.020 0.040 14 COLLECTOR 14 DRAIN 

STVLE5. 
PIN l.GATE 

2. DRAIN 
3 SOURCE 
4. NO CONNECTION 
5 SOURCE 
6. DRAIN 
7 GATE 
B.GATE 
9. DRAIN 

lO.SOURCE 
11. NO CONNECTION 
12. SOURCE 
13. DRAIN 
14. GATE 

DIM 
A 

MILUMETERS INCHES 
MIN MAX MIN MAX 
18.16 19.56 0.715 0.770 

" lEADS WITHIN 0.13 mm (0.005\ RADIUS OF TRUE 
POSmON AT SEAnNG PlANE AT MAXIMUM 
MAlERIAL CONDITION. 

• C 
D 
F 

6.10 
3.69 
0.38 
1.01 

6.40 0.'" 0.280 
4.89 0.145 0.185 
0.53 0.D15 0.021 
1.18 0.040 0.070 2. DIMENSION "L" TO CENTER OF LEADS WHEN 

FORMED PARAllEL 
3. DIMENSION "B" DOES NOT INCLUDE MOLD 

FtASH. 
4. ROUNDED CORNERS OPTIONAl. 

G 
H 
J 
K 
l 
M 
N 

2.54BSC 
1.32 2.41 
0.10 0.38 
1.91 3.43 

7.62BSC 
0' 10' 
0.39 1.01 
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O.l00BSC 
0.052 0.095 
0.008 0.015 
0.115 0,135 

Q,l!! BSC 
f1' 10' 

0.015 0.039 
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PACKAGE OUTLINE DIMENSIONS (continued) 

CASE 648-08 (16-PIN DIP) PLASTIC 
NOTES: 

~ 
~l 
~~ 

~' 
H 0 ~LD"Pl K 

It I 02510.0101 ® ITI A ®I 

NOTES. 
1. DIMENSIONING AND TOLfRANCING PER 

ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "A" AND "8" ALLOW FOR LID 

MISALIGNMENT, AND GLASS MINISCUS. 
4. DIMENSION "HI' SHALL BE MEASURED AT THE 

POINT OF EXIT OF THE LEAD FflOM THE 8ODY. 
5. LEAD NUMBER 1 IDENTIFIED BY TAB ON LEAD OR 

DOT ON COVER. 
6 DIMENSION "J" INCWDES SOLDER LEAD FINISH. 
7. LEAD NUMBERS SHOWN FOR REFERENCE ONLY. 

MILLIMETERS 
DIM r.IN MAX 
A 9.40 9.90 
B 6.23 6.60 
C 1.53 2.15 
D 0.36 0.48 
G 1.27BSC 
H 0.64 1.01 
J 0.11 0.17 
K 6.35 9.39 
l 18.93 
N 0.50 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION "l" TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
4. DIMENSION "8" DOES NOT INCLUDE MOLD 

FlASH. 
5. ROUNDED CORNERS OPTIONAL 

STYLE " 
PIN 1 CATHODE 

2. CATHODE 
3. CATHODE 
4. CATHODE 
5 CATHODE 
6. CATHODE 
7. CATHODE 
8. CATHODE 
9. ANODE 

to. ANODE 
11. ANODE 
12. ANODE 
13. ANODE 
14. ANODE 
15. ANODE 
16 ANODE 

STYLE 2. 
PIN 1. COMMON DRAIN 

2 COMMON DRAIN 
3. COMMON DRAIN 
4. COMMON DRAIN 
5. COMMON DAAtN 
6. COMMON DRAIN 
7. COMMON DRAIN 
8. COMMON DRAIN 
9. GATE 

to. SOURCE 
11. GATE 
12, SOURCE 
13. GATE 
14.SQURCE 
15. GATE 
16. SOURCE 

CASE 654-07 METAL 

-lLD 
N 

INCHES 
MIN MAX 
0.37 0.390 
0.245 0.260 
0.060 0.085 o 
0.014 0,019 

O.060BSC 
0.025 0.040 
0.004 0.007 
0150 0.370 
0.745 

0.020 

STYlft 
PlN 1. COLlECTOR 

2. BASE 
3.EMlmR 
4.0MIITEO 
5.EMJmR 
6. BASE 
7. COLLECTOR 
8. OMITTED 

STYLE 5: 
SIDE 1 (NPNl 
PIN 1. COLLECTOR 

2. BASE 
3.EMlffiR 
4. OMITTED 

SIDE 2 IPNP) 
5.EMlmR 
• BASE 
7. COLLECTOR 
8.0MlffiO 

DIM 
A 
B 
C 
D 
f 
G 
H 
J 
K 
L 
M 
S 

-1 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.90 19.55 0.740 0.710 
6.35 6.85 0.250 0.270 
3.69 4.44 0.145 0.175 
0.39 '.53 0.015 0.021 
1.02 1.77 0.040 0.070 

2.54BSC O.l00BSC 
1.27BSC O.05OBSC 

0.21 0.38 0.008 0.Q15 
2.80 3.30 0.110 0.130 
7.50 7.74 0.295 0.305 
0- 10" .. lO-
0.51 1.01 0.020 0.040 

7 
1 

MlWMETERS INCHES 
ON 
A 
B 

.. MAX .... MAX 

M 
N 

8.51 9.40 
7.75 8.51 
3.81 4.7fl 
0.41 0.53 

5.OBBSC 
0.71 0.86 
0.74 1.14 

12.70 
45°BSC 
2.54BSC 

0.335 0.370 
0.305 0.335 
0.150 0.185 
0.016 0.021 

0.2008SC 
0.028 0.034 
0.029 0.046 
0.500 

45°8SC 
O.lOOBSC 

CASE 7518-03 (SO-16) PLASTIC 

~-R-R-R·~R-R-R-~hl~ " ., 

CASE 751A-02 (SO-14) PLASTIC ~ 

~ "~-b:n::BI' r!'''~··'' ., 
-+I 0 I-- c 

~b~~-f=:e;qqqG;i::ENG 
1 iR X 45' 

i...Jc=J~J.. 
~M .--i crJ 

1+1 0.2510.0101 ® IT 1 B ® I A (l)1 r--'""'MIW=M;;;ETE=RS""-INCH="'ES:---1 

NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND T IS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

V14.5M,1982. 
3. CONTROWNG DIMENSION: MIWMETER. 
4. DIMENSION A AND B 00 NOT INCLUDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 {O.ODS) 

PER SIDE. 

DIM MIN MAX MIN MAX 
A 8.55 8.75 0.337 0.344 
B 3.80 4.00 0.150 0.157 
C 1.35 1.15 0.054 0.008 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.016 0.049 
G 1.27 BSC 0.050 esc 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M 0° 7° 0" r 
P 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 

1d::J i It I 0.25100101 ®IB ®I 

<!l 'I + I aP' 

L~_~_LLLL~=-t 
-101- c 

ITL§j~,:?pbPP1-tK f=NG 
1 ... 10.2510.0101 ® I TI B ®I A ® I ~~§MlJJrMETEB!RS§jlN~CHEES~ 

DIM MIN MAX MIN MAX 
NOTES: A 9.80 10.00 0.386 0.393 

1. DIMENSIONS A AND BARE OATUMSANDTISA B 3.80 4.00 0.150 0.157 
DATUM SURFACE. C 1.35 1.75 O. 0.068 

2. DIMENSIONING AND TOlERANCING PER ANSI D 0.35 OAS 0.014 0.019 
Yl4.SM, 1982. F 0.40 1.25 0.016 0.049 

3. CONTROWNG DIMENSION: MILlIMffiR. G 1.27 BSC 0.050 BSC 
4 DIMENSION A AND B DO NOT INCLUDE MOLD J 0.19 0.25 0.008 0.009 

PROTRUSION. K 0.10 0.25 0.004 0.009 
5. MAXIMUM MOlD PROTRUSION 0.15 (0.006) M 0" 7° 0" 7~ 

PER SlOE. P 5.80 6.20 0.229 0,244 
R 0.25 0.50 0.01 0.019 
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Application Note Abstracts 
(Application Notes are available upon request.) 

AN-211 A Field-Effect Transistors in 
Theory and Practice 

The basic theory, construction, and application information for 
field-effect transistors Ounction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 

AN-270 Nanosecond Pulse Handling Techniques in 
IC Interconnections 

The rapid advancement in the field of high speed digital in
tegrated circuits has brought into focus many problem areas in 
the methods of pulse measurement techniques and new con
cepts dealing with these problems. This paper is intended to 
discuss the more common, yet perhaps not well 

AN-421 Semiconductor Noise Figure 
Considerations 

A summary of many of the important noise figure consider
ations related with the design of low noise amplifiers is pre
sented. The basic fundamentals involving noise, noise figure, 
and noise figure-frequency characteristics are then discussed 
with the emphasis on characteristics common to all semicon
ductors. A brief introduction is made to various methods of data 
sheet presentation of noise figure and a summary is given for 
the various methods of measurement. A discussion of low noise 
circuit design, utilizing many of the previously discussed con
Siderations, is included. 
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Discrete products are available from Motorola in three quality 
levels: Industrial/Commercial grade, Military grade, and Cus
tomer Specials. 

This Reliability and Quality Assurance section contains infor
mation on final test and quality assurance processing. Included 
is a listing of Q.A. tests and the applicable MIL-STD methods 
relating to the above-noted quality levels. 

High reliability (JAN, JANTX, JANTXV, and JANS) processing 
of transistors is outlined by using a processing and quality control 
flowchart. 

A glossary of Reliability and Quality terms is also included. 

Reliability and 
Quality Assurance 
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Reliability and Quality Assurance 

Quality Levels 
Most small-signal discrete products are available from 

Motorola In three quality levels: 

1. INDUSTRIAL/COMMERCIAL GRADE - Identified by 
a part number prefix such as 2N, MM or MPS and tested 
to a published Motorola, JEDEC or Proelectron 
specification. 

2. MILITARY GRADE - Identified by a 2N part number 
prefix, a JAN, JTX, JTXV or JANS suffix, and manu
factured and tested per MIL-S-19500. 

JAN - Controlled lot with sample environmental and 
life testing 

JTX - Same as JAN piuS 100% processing 

JTXV- Same as JTX plus 100% internal visual 
inspection 

JANS- Same as JTXV plus wafer lot acceptance and 
additional 100% processing requirements. 

3. CUSTOMER SPECIAL - Screening, testing and mark
ing as determined by the customer to meet his particular 
requirements. This may range from a custom-marked 
industrial/commercial grade product to a hi-rei product 
which Is subjected to a series of stringent Inspections 
and tests to meet aerospace or special military 
requirements. 

Final Test ProceSSing 
Device lots are subjected to 100% processing in Final Test. 

This processing may be as simple as electrical testing to data 
sheet specifications or as complex as a series of mechanical, 
environmental and burn-in screening tests preceded and fol
lowed by electrical readouts. All lots, whether industrial/com
mercial, military or hi-rei, are subjected to a minimum eight-hour 
storage bake at 150'C or 200'C. 

Quality Assurance ProceSSing 
All products are transferred to QA where they are subjected 

to Group A electrical testing, usually to the same specifications 
used by Final Test. In the past, QA has primarily performed 
sample testing; but now, at Motorola, most small-signal metal 
can transistors are 1 00% electrical tested by QA, and when this 
expansion program is completed, all small-signal transistors will 
be subjected to 100% QA electrical testing. Military and hi-rei 
lots may undergo additional 100% screening in QA. Using the 
popular 2N2222A family as an example, Table 1 compares the 
varying degrees of preconditioning and screening that are done 
on the 2N2222A, 2N2222AJAN, 2N2222AJTX, 2N2222AJTXV 
and 2N2222AJANS transistors. QA randomly selects test sam
ples for Group A, Band C testing as defined in MIL-S-19500. 
The individual tests are defined in MIL-STD-750. Tables 2 and 
3 list the Group Band C test requirements for the 2N2222A 
military family. 

TABLE 1 - 100% PRECONDITIONING AND SCREENING (Example of 2N2222A Family) 

Test 
MIL-STD-750 

Condition 
2N2222A 2N2222AJTX 

Method 2N2222AJAN 2N2222AJTXV 

1. Electrical tests - go-no go 100% 100% 
2. High temperature storage 1032 200'C, 24 hours - 100% 
3. Thermal shock 1051 C, 20 cycles - 100% 
4. Constant acceleration 2006 20,000 G, VI - 100% 
5. Particle impact noise 2052 B - -
6. Hermetic seal 

fine leak 1071 GorH - 100% 
gross leak 1071 A,C,EorF - 100% 

7. Electrical tests - read & record - -
8. H.t. reverse bias 1039 150'C, 48 hours - 100% 
9. Electrical tests - read & record' - 100% 

10. Full-power bum-in 1039 25'C, 168 hours - 100% 
11. Full-power burn-in 1039 25'C, 240 hours - -
12. Electrical tests - read & record' - 100% 
13. Hermetic seal 

fine leak 1071 GorH - 100% 
gross leak 1071 A, C, E or F - 100% 

14. X-ray 2076 - - -
15. External visual 2071 - - -

'Bin & cell may be used for JTX and JTXV product 
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2N2222AJANS 

100% 
100% 
100% 
100% 
100% 

100% 
100% 
100% 
100% 
100% 
-

100% 
100% 

100% 
100% 
100% 
100% 



TABLE 2 - GROUP B TESTS (Example of 2N2222AJAN/JTXlJTXV/JANS) 

Inspection or Test 
MIL-STD-750 

Condition 
LTPD (Accept No.) 

Method and Military Classification 

SUBGROUP LTPD 10 (0) 
Physical dimensions 2066 - JANS 

SUBGROUP LTPD 15 (1) 
Solderability 2026 - ALL 
Solvent resistance 1022 - ALL 

SUBGROUP LTPD 10 (1) 
Thermal shock 1051 C 1, 25 cycles JAN, JTX, JTXV 
Thermal shock 1051 C3, 100 cycles JANS 
Hermetic seal 

fine leak 1071 GorH ALL 
gross leak 1071 A, C, E or F ALL 

Decap internal visual 2075 - JANS 
Bond strength 2037 A JANS 
Die shear 2017 - JANS 

SUBGROUP LTPD 5 (2) 
Operating life 1027 25°C, 340 hours JAN, JTX, JTXV 

SUBGROUP LTPD 20 (0) 
Decap internal visual 2075 - JAN, JTX, JTXV 
Bond strength 2037 A JAN, JTX, JTXV 

SUBGROUP LTPD 10 (2) 
Intermittent operating life 1037 25°C, 2000 cycles JANS 

SUBGROUP LTPD 10 (2) 
Accelerated operating life 1027 125°C, 96 hours JANS 

SUBGROUP LTPD 7 (2) 
High-temperature storage life 1032 200°C, 340 hours JAN, JTX, JTXV 

TABLE 3 - GROUP C TESTS (Example of 2N2222AJAN/JTX/JTXV/JANS) 

Inspection or Test 
MIL-STD-750 

Condition 
LTPD (Accept No.) and Military 

Method Classification 

SUBGROUP LTPD 15 (1) 
Physical dimensions 2066 - ALL 

SUBGROUP LTPD 10 (1) 
Thermal shock 1056 A ALL 
Terminal strength 2036 E ALL 
Hermetic seal 

fine leak 1071 GorH ALL 
gross leak 1071 A, C, E or F ALL 

Moisture resistance 1021 Omit initial precond. ALL 
External visual 2071 - ALL 

SUBGROUP LTPD 10 (1) 
Shock 2016 1500G ALL 
Variable-frequency vibration 2056 100-2000 Hz ALL 
Constant acceleration 2006 20,000 G ALL • SUBGROUP LTPD 15 (1) 
Salt atmosphere 1041 - ALL 

SUBGROUP LTPD 10 (1) 
Operating life 1026 25°C, 1000 hours ALL 
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High Reliability Processing of Transistors 

I WAFER PROCESSING II ASSEMBLY III CAN WELD OR LID SEAL 

After wafers are processed. they are subjected 
to Motorola visual inspection requirements and 
overlay geometry wafers are subjected to a 
sample SEM inspection to assure good step 
coverage. The wafers are then probed to elec
trical requirements and the rejects are inked. 
Finally. they are sawn and separated to form the 
individual dice. 

The die are attached to headers and then wire 
bonded. The following mechanical tests are per
formed by Quality Control inspectors on a sam
ple basis to ensure assembly process controls. 

Completed headers are loaded into a vacuum 
chamber for can weld or processed thru a fur
nace for top allachments on ceramic packages. 
All devices are subjected to a high temperature 
storage (stabilization bake) prior to final electri
cal test. 

(1) Wire pull tests 
(2) Die push off tests 

Units are stored in dry air until ready for capping. 

PROCESSING AND QUALITY CONTROL FLOW CHART 

I 

WAFER COMMERCIAL 
GRADE PROCESSING 

MILITARY GRADE 

IFIED CUSTOMER SPEC 
SCREENING AND T ESTING 

1 
JANTXV 

~ 

VII SCANNING 
ELECTRON 

MICROSCOPE 
(SEM) 

t 
VIII 

100% 
HIGH POWER 
OlE VISUAL 

II III 
CAN WELD 

ASSEMBLY OR 
LID SEAL 

~ 
JAJXV 

,~ 

JANS 

L IX 

100% LOW POWER 
ASSEMBLY VISUAL -

r-

XII 
CUSTOMER 
SPECIFIED 

PROCESSING 

VII SCANNING ELECTRON MICROSCOPE 

All JANS product with overlay geometry requires 
a SEM inspeotion per MIL-STD-750. method 
2077. To assure good metallization step cov
erage. Motorola monitors all overlay geometry 
transistor wafer lines whether or not it is 
required. 

XII CUSTOMER SPECIFIED PROCESSING 

Screening. testing and marking as determined 
by the customer to meet his particular require
ments. which may range from a custom-marked 
standard product to a hi-rei product that is sub
jected to the most stringent tests for aerospace 
or milijary applications. 

VIII 100% HIGH POWER DIE VISUAL 

The high power portion of the inspection is per
formed to assure good die construction and front 
metal conditions. Individual reject criteria 
includes the following: Metallization defects 
such as scratches. voids. corrosion. adherence. 
bridging and alignment. Poor die construction 
conditions such as oxide and faults are also 
rejected. 

IX 100% LOW POWER ASSEMBLY VISUAL 

The low power visual inspection controls work
manship. i.e .• die attachment. internal lead-wire 
allachment. and package defects. Die attach
ment inspection inCludes assuring good watting. 
die placement and proper orientation. Internal 
lead wires must have proper arc and all attach
ment bonds must be properly placed and in good 
condition. Package defect inspection includes 
checking for foreign material. improper construc
tion and cracked feedthroughs. 
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IV 100% FINAL ELECTRICAL TEST 

Completed devices are subjected to 100% test
ing to electrical requirements. When different 
devices are sourced from a single product line, 
they are sorted for voltage and gain. 

IV 100% .. FINAL 
ELECTRICAL 

TEST 

JANTX JANTXV JANS • • • X 
100% 

QUALITY CONTROL 
PROCESSING 

V QUALITY CONTROL 

Although it has been traditional for QA to perfonm 
sample testing, today most small-signal metal 
can transistors are 100% electrical tested by QA. 
Soon, all transistors will be 100% tested by QA. 
Group A and B tests are performed on JAN 
devices. Group A and B tests and 100% proc
essing are perfonmed on JANTX, JANTXV and 
JANS devices. Group C testing is required on a 
periodic basis. 

V 

QUALITY .. 
CONTROL 

I J1N 

XI 

GROUP B SAMPLE 
GROUP C SAMPLE 

VI WAREHOUSE 

Upon completion, the finished product is ready 
for shipping. Purchase order requirements are 
carefully checked again prior to shipping. War
ranty tests (Group A) are performed every 24 
months on military devices. 

VI 
WAREHOUSE 

SHIP 
COMMERCIAL 

VI 
WAREHOUSE 

SHIP 
JAN-JANTX-JANTXV 

VI 
WAREHOUSE 

SHIP 
CUSTOM SPECIAL 

X 100"4 QUALITY CONTROL PROCESSING XI GROUP B AND GROUP C INSPECTION 

a. High-temperature storage Typical Group B Processing Typical Group C Processing 
b. Thermal shock 

Physical dimensions Physical dimensions 
c. Constant acceleration 

a. a. 

d. Particle impact noise (JANS) 
b. Solderability b. Thenmal shock 
c. Solvent resistance c. Terminal strength 

e. Hermetic seal 
d. Thermal shock d. Hermetic seal 

f. High-temperature reverse bias 
e. Henmetic seal e. Moisture resistance 

g. Full-power burn-in 
f. Decap internal visual f. External visual 

h. X-ray (JANS) 
External visual (JANS) 

g. Bond strength g. Shock 

j. Read and record parameters 
h. Die shear h. Variable-frequency 

vibration 
340 hr. operating life Constant acceleration 

J. Intermittent operating life Salt atmosphere 
(JANS) 

k. Accelerated operating life k. 1000 hr. operating life 
(JANS) 
340 hr. storage life 
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Test Descriptions 

The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 

A. Steady State Operating Life (SSOL) G. Pressure Cooker 
The purpose of this test is to evaluate the bulk stability of The purpose of this test is to evaluate the moisture resis-
the die and to generate defects resulting from manufacturing tance of non-hermetic components under pressure/ 
aberrations that are manifested as time and stress- temperature conditions. 
dependent failures. Conditions: T = 121°C, P = 1 atmosphere (15 psig) 
Conditions: T A = 25°C, PO = max rated power 

H. Temperature Cycle (Air to Air) 
B. Intermittent Operating Life (IOL) The purpose of this test is to evaluate the ability of the 

The purpose of this test is the same as Operating Life in device to withstand both exposure to extreme temperatures 
addition to checking the integrity of both the wire and die and the transition between temperature extremes, and to 
bonds by means of thermal stressing. expose excessive thermal mismatch between materials. 

Conditions: T A = 25°C, PO = max rated power. T(on) Conditions: Mil-Std-750, Method 1051, ,--55°C to 150°C, 
= T(off) = 1 min. 15 minutes dwell time at each temperature 

C. High Temperature Storage Life I. Thermal Shock (Liquid to Liquid) 
The purpose of this test is to generate timeltemperature This test is an accelerated version of temperature cycle. 
failure mechanisms and to evaluate long-term storage Conditions: Mil-Std-750, Method 1056, O°C to 100°C, 15 
stability. seconds dwell time at each temperature 
Conditions: T A = 150°C no bias applied 

J. Terminal Strength 
D. High Temperature Reverse Bias (HTRB) The purpose of this test is to evaluate the ability of the 

The purpose of this test is to align mobile ions by means device terminals to withstand the lead forming and tension 
of temperature and voltage stresses to form a high-current associated with component installation into a circuit. 
leakage path between two or more terminals. Conditions: Mil-Std-750, Method 2036, Condition E. 
Conditions: TA = 150°C, VCB = 80% max rated VCB, 

K. Solderability 
E. Hi~h Temperature High Humidity Reverse Bias The purpose of this test is to determine the solderability of 

(H TRB) the device terminals. 
The purpose of this test is to evaluate the moisture resis- Conditions: Mil-Std-750, Method 2026. 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene- L. Salt Atmosphere (Corrosion) 
tration has taken place. With time, this is a catastrophically The purpose of this test is to accelerate the corrosion effects 
destructive test. of an environment in which salt (NaCl) is present. 
Conditions: T A = 85°C, RH = 85%, VCB = 80% max Conditions: Mil-Std-750, Method 1041 
rated VCB, 

M. Mechanical Stress Tests 
F. Moisture Resistance 

Vibration, shock and constant acceleration tests are infre-
The purpose of this test is to evaluate the moisture resis- quently used since they rarely generate failures in small-
tance of components under temperature/humidity condi- signal transistors. However, they are still specified for ac-
tions typical of tropical environments. ceptance of military product. 
Conditions: Mil-Std-750, Method 1021 . 

• 
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Glossary of Reliability and Quality Terms 

Acceptable Quality Level IAQLI- A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 

Acceptance Number IAcl - The largest number of defec
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 

Acceptance Tests - Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 

Average Outgoing Quality IAOQI- The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 

Average Outgoing Quality Limit IAOQLI- The maximum 
average outgoing quality that is possible for a given sam
pling plan. 

Defect - Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 

Defective - A device which contains one or more defects. 

Double Sampling - Sampling inspection in which the in
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec
ond sample, when required, always leads to a decision to 
accept or to reject. 

Failure - The inability of a device to perform a specified 
function within previously-established limits. 

Failure Rate - The statistical probability of a failure occur
ring within a stated period of time. For electronic compo
nents it is usually assumed that failures follow an exponen
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 

Infant Mortality - Premature failures occurring at a failure 
rate substantially greater than that observed during sub
sequent life prior to wear-out. 

Lot - A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 

Lot Tolerance Percent Defective ILTPDI - A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 

Mean Time Between Failures IMTBFI- The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip
rocal of failure rate. 

Operating Characteristic Curve IOC curvel- A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 

Percent Defective - The number of defective devices in a 
lot divided by the total number of devices in that lot, mul
tiplied by 100. 

Probability of Acceptance IPal- The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 

Process Average Quality - The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 

Quality - A measure of the degree to which a product 
conforms to specification and workmanship requirements. 

Rejection Number IRel- The smallest Dumber of defectives 
in an inspection sample under consideration that will pre
vent acceptance of the lot. 

Reliability - A measure of the performance of a product 
over a specified period of time. 

Sample - One or more devices selected at random from 
an inspection lot to represent that lot for acceptance 
purposes. 

Sampling Plan - A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 

Scraening Tasts - Tests employing nondestructive envi
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 

Single Sampling - Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 

Waarout Failures - Those failures which occur as a result 
of deterioration processes and whose probability of occur
rence increases with time. 

100% Inspaction -Inspection of every device, in which each 
device is accepted or rejected individually for the charac
teristic concerned, on the basis of its own inspection only. 
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