MMBT3904WT1, NPN,
SMMBT3904WT1, NPN,
MMBT3906WT1, PNP

General Purpose
Transistors

NPN and PNP Silicon

These transistors are designed for general purpose amplifier
applications. They are housed in the SOT-323/SC-70 package which
is designed for low power surface mount applications.

Features

o AEC-Q101 Qualified and PPAP Capable

® S Prefix for Automotive and Other Applications Requiring Unique
Site and Control Change Requirements

® These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS
Compliant

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector - Emitter Voltage Vceo Vdc
MMBT3904WT1, SMMBT3904WT1 40
MMBT3906WTH1 -40
Collector -Base Voltage VcBo Vdc
MMBT3904WT1, SMMBT3904WT1 60
MMBT3906WTH1 -40
Emitter —Base Voltage VEBO Vdc
MMBT3904WT1, SMMBT3904WT1 6.0
MMBT3906WTH1 -5.0
Collector Current — Continuous Ic mAdc
MMBT3904WT1, SMMBT3904WT1 200
MMBT3906WTH1 -200
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Total Device Dissipation (Note 1) Pp 150 mw
@Tp =25°C
Thermal Resistance, Junction-to—-Ambient Roga 833 °C/W
Junction and Storage Temperature Ty, Tstg | —55to +150 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum

Ratings are stress ratings only. Functional operation above the Recommended

Operating Conditions is not implied. Extended exposure to stresses above the

Recommended Operating Conditions may affect device reliability.

1. Device mounted on FR4 glass epoxy printed circuit board using the minimum
recommended footprint.
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ORDERING INFORMATION

Device Package Shipping®

MMBT3904WT1G SC-70/ 3000 / Tape &
SOT-323 Reel
(Pb-Free)

SMMBT3904WT1G| SC-70/ 3000 / Tape &
SOT-323 Reel
(Pb-Free)

MMBT3906WT1G SC-70/ 3000 / Tape &
SOT-323 Reel
(Pb-Free)

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic | symbol Min | Max | unit
OFF CHARACTERISTICS
Collector - Emitter Breakdown Voltage (Note 2) V(BR)CEO Vdc
(Ic =1.0 mAdc, Ig = 0) MMBT3904WT1, SMMBT3904WT1 40 -
(Ic =-1.0 mAdc, Ig = 0) MMBT3906WT1 -40 -
Collector - Base Breakdown Voltage V(BR)CBO Vdc
(Ic =10 pAdc, Ig = 0) MMBT3904WT1, SMMBT3904WT1 60 -
(Ic =-10 pAdc, Ig = 0) MMBT3906WTH1 -40 -
Emitter —Base Breakdown Voltage V(BR)EBO Vdc
(le =10 uAdc, Ig = 0) MMBT3904WT1, SMMBT3904WT1 6.0 -
(le =-10pAdc, Ic =0) MMBT3906WT1 -5.0 -
Base Cutoff Current IsL nAdc
(Vce =30 Vdc, Vgg = 3.0 Vdc) MMBT3904WT1, SMMBT3904WT1 - 50
(Vce = -30 Vdc, Vgg = -3.0 Vdc) MMBT3906WT1 - -50
Collector Cutoff Current lcex nAdc
(Ve = 30 Vdc, Vgg = 3.0 Vdc) MMBT3904WT1, SMMBT3904WT1 - 50
(Vce = -30 Vdc, Vgg = -3.0 Vdc) MMBT3906WT1 - -50
ON CHARACTERISTICS (Note 2)
DC Current Gain hre -
(Ic = 0.1 mAdc, Vg = 1.0 Vdc) MMBT3904WT1, SMMBT3904WT1 40 -
(Ic = 1.0 mAdc, Vg = 1.0 Vdc) 70 -
(Ic = 10 mAdc, Vg = 1.0 Vdc) 100 300
(Ic = 50 mAdc, Ve = 1.0 Vdc) 60 -
(Ic = 100 mAdc, V¢ = 1.0 Vdc) 30 -
(Ic = -0.1 mAdc, Vge = -1.0 Vdc) MMBT3906WT1 60 -
(Ic = -1.0 mAdc, Vge = -1.0 Vdc) 80 -
(Ic = -10 mAdc, Vcg = -1.0 Vdc) 100 300
(Ic = -50 mAdc, Vcg = -1.0 Vdc) 60 -
(Ic = =100 mAdc, Vg = -1.0 Vdc) 30 -
Collector - Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MMBT3904WT1, SMMBT3904WT1 - 0.2
(Ic = 50 mAdc, Ig = 5.0 mAdc) - 0.3
(Ic = -10 mAdc, Ig = -1.0 mAdc) MMBT3906WTH1 - -0.25
(Ic = -50 mAdc, Ig = -5.0 mAdc) - -0.4
Base - Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) MMBT3904WT1, SMMBT3904WT1 0.65 0.85
(Ic =50 mAdc, Ig = 5.0 mAdc) - 0.95
(Ic = -10 mAdc, Ig = -1.0 mAdc) MMBT3906WT1 -0.65 -0.85
(Ic = -50 mAdc, Ig = -5.0 mAdc) - -0.95

2. Pulse Test: Pulse Width < 300 us; Duty Cycle < 2.0%.
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

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

Characteristic | Symbol | Min | Max | Unit
SMALL-SIGNAL CHARACTERISTICS
Current-Gain - Bandwidth Product fr MHz
(Ic = 10 mAdc, Ve = 20 Vdc, f = 100 MHz) MMBT3904WT1, SMMBT3904WT1 300 -
(Ic = -10 mAdc, Vcg = -20 Vdc, f = 100 MHz) MMBT3906WT1 250 -
Output Capacitance Cobo pF
(Veg =5.0Vdc, Ig =0, f=1.0 MHz) MMBT3904WT1, SMMBT3904WT1 - 4.0
(Veg = -5.0 Vdc, Ig = 0, f = 1.0 MHz) MMBT3906WTH1 - 45
Input Capacitance Cibo pF
(Veg =0.5Vdc, Ic =0, f=1.0 MHz) MMBT3904WT1, SMMBT3904WT1 - 8.0
(Veg = -0.5Vdc, Ig = 0, f = 1.0 MHz) MMBT3906WT1 - 10.0
Input Impedance hie k Q
(Vce = 10 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) MMBT3904WT1, SMMBT3904WT1 1.0 10
(Vce =-10Vdc, Ig = -1.0 mAdc, f = 1.0 kHz) MMBT3906WT1 2.0 12
Voltage Feedback Ratio hre X104
(Vce =10 Vdc, Ig = 1.0 mAdc, f = 1.0 kHz) MMBT3904WT1, SMMBT3904WT1 0.5 8.0
(Vce =-10Vdc, Ig = -1.0 mAdc, f = 1.0 kHz) MMBT3906WT1 0.1 10
Small-Signal Current Gain hse -
(Vee =10 Vdc, Ig = 1.0 mAdc, f = 1.0 kHz) MMBT3904WT1, SMMBT3904WT1 100 400
(Vce = -10 Vdc, I = -1.0 mAdc, f = 1.0 kHz) MMBT3906WTH1 100 400
Output Admittance hoe umhos
(Vce =10 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) MMBT3904WT1, SMMBT3904WT1 1.0 40
(Vce =-10Vdc, Ig = -1.0 mAdc, f = 1.0 kHz) MMBT3906WT1 3.0 60
Noise Figure NF dB
(Vce =5.0 Vdc, Ig = 100 uAde, Rg = 1.0 k Q, f = 1.0 kHz)
MMBT3904WT1, SMMBT3904WT1 - 5.0
(Vce =-5.0 Vdc, Ig = =100 uAdc, Rg = 1.0 k @, f = 1.0 kHz) MMBT3906WT1 - 4.0
SWITCHING CHARACTERISTICS
Characteristic Condition Symbol Min Max Unit
Delay Time (Voe = 3.0 Vdc, Vgg = -0.5 Vdc) ty 35 ns
MMBT3904WT1, SMMBT3904WT1 - 35
(Vg = -3.0 Vdc, Vge = 0.5 Vdc) MMBT3906WTH1 -
Rise Time (Ic = 10 mAdc, Ig¢1 = 1.0 mAdc) t 35
MMBT3904WT1, SMMBT3904WT1 - 35
(Ic = -10 mAdc, Ig1 = -1.0 mAdc) MMBT3906WTH1 -
Storage Time (Vog = 3.0 Vdc, Ig = 10 mAdc) ts 200 ns
MMBT3904WT1, SMMBT3904WT1 - 225
(Vce = -3.0 Vdc, Ig = =10 mAdc) MMBT3906WTH1 -
Fall Time (Ig1 = g2 = 1.0 mAdc) MMBT3904WT1, SMMBT3904WT1 t - 50
(Iz1 = Ig2 = —1.0 mAdc) MMBT3906WT1 - 75

MMBT3904WT1, SMMBT3904WT1

+3V
DUTY CYCLE = 2% 10<t; <500 us—> t |=— 109V
— +10.
300 ns —| <= 109V o75  DUTYCYCLE=2%
‘ 0
~05v— ‘L -
—»L—<1ns + Cg<4pF*
-d
— -91V—ri|— = =
—>» |le«—<1ns

* Total shunt capacitance of test jig and connectors

Figure 1. Delay and Rise Time

Equivalent Test Circuit
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Figure 2. Storage and Fall Time

Equivalent Test Circuit




TIME (ns)

t§, STORAGE TIME (ns)

NF, NOISE FIGURE (dB)

MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3904WT1, SMMBT3904WT1

TYPICAL TRANSIENT CHARACTERISTICS
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS NOISE FIGURE VARIATIONS
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Rs, SOURCE RESISTANCE (k OHMS)
Figure 8. Noise Figure



hfe , CURRENT GAIN

hje, INPUT IMPEDANCE (k OHMS)

hgg, DC CURRENT GAIN

MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3904WT1, SMMBT3904WT1

h PARAMETERS

(Ve = 10 Vde, f = 1.0 kHz, Ta = 25°C)
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3904WT1, SMMBT3904WT1

I, COLLECTOR CURRENT (A)
Figure 15. Collector Emitter Saturation Voltage

vs. Collector Current
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COEFFICIENT (mV/°C)

fr, CURRENT-GAIN-BANDWIDTH

MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3904WT1, SMMBT3904WT1
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Vce, COLLECTOR EMITTER VOLTAGE (V)
Figure 21. Safe Operating Area



MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3906WT1
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* Total shunt capacitance of test jig and connectors

Figure 22. Delay and Rise Time Figure 23. Storage and Fall Time
Equivalent Test Circuit Equivalent Test Circuit

TYPICAL TRANSIENT CHARACTERISTICS

TIME (ns)

NF, NOISE FIGURE (dB)

— T;=25°C
—— Ty=125°C
500 T 11 T T 500 T~ Y —— T
N T T T T — ] _ ]
300 NG MMBT3906WT1 lolg=10 _ 300 \\\ a Vec=40V _|
200 NG 200 ' L l81 =52
\\ Ic/lg = 20
100 NN Z 100 =
N £
4 70
;g \\ N ~ tf @ VCC =3.0V ~7 E 50 X NI
N N ,/ = v o \\%\
30 N \\‘ M5y T 3 loflg =10 | o
20 N N o = 90 N
NN N a ~~_:'—
~NO TN 40V
10 o 20V 10
~ N —
t4@Vog=0V ] 7
5
1.0 2030 507010 20 30 50 70 100 200 10 2030 507010 20 30 50 70 100 200
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
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NOISE FIGURE VARIATIONS
(Ve = -5.0 Vdc, Tp = 25°C, Bandwidth = 1.0 Hz)
5.0 LI N B B B I N B R 12 T T 1 I T TTT
|| SOURCE RESISTANCE = 200 © | - 1.0kKHz Ic=1.0mA :_ul
Ig=1.0mA 10 1] /
4.0 R | '_05'mA /
SOURCE RESISTANCE = 200 Q oy = / 4
N Ic=0.5mA = 80 A/ /
3.0 N\ R g N / b
N SOURCE RESISTANCE = 2.0 k 3 I\ )’ y
A . Ic =50 puA W N /
20 \‘\-.. ~ﬁL-__ g \\ \\
SRR Z 40 INCTY A 1050 uA
- g =
/1 il E N "// ,// .C. ”U:”
10 ISOU::)(())E iESISTANCE =20k 2.0 NP Pl I =100 pA |
c=100u =&

— MMBT3906WT1 TT] MMBT3$|306|W|T1I HH
ol LU LI T L L L1l .
01 02 04 10 20 40 10 20 40 100 01 02 04 10 20 40 10 20 40 100

f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (k<)
Figure 26. Figure 27.

http://onsemi.com
8



hte, CURRENT GAIN

hje, INPUT IMPEDANCE (kQ)

hrg, DC CURRENT GAIN

MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

MMBT3906WTH1

h PARAMETERS

(Ve = -10 Vdc, f = 1.0 kHz, Tp = 25°C)
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Figure 30. Input Impedance Figure 31. Voltage Feedback Ratio
STATIC CHARACTERISTICS
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP
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6y, TEMPERATURE COEFFICIENTS (mV/°C)
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP
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MMBT3904WT1, NPN, SMMBT3904WT1, NPN, MMBT3906WT1, PNP

PACKAGE DIMENSIONS

SC-70 (SOT-323)

CASE 419-04
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

MILLIMETERS INCHES
DIM [ MIN NOM [ MAX MIN NOM MAX
A 0.80 0.90 1.00 0.032 | 0.035 | 0.040
A1 [ 0.00 0.05 0.10 0.000 | 0.002 | 0.004
A2 0.70 REF 0.028 REF
b 0.30 0.35 0.40 0.012 | 0.014 | 0.016
c 0.10 0.18 0.25 0.004 | 0.007 | 0.010
D 1.80 2.10 2.20 0.071 | 0.083 | 0.087
E 1.15 1.24 1.35 0.045 | 0.049 | 0.053
e 1.20 1.30 1.40 0.047 | 0.051 | 0.055
e1 0.65 BSC 0.026 BSC
L 020 | 038 | 056 0.008 [ 0.015 [ 0.022
HE | 200 | 210 [ 240 0.079 [ 0.083 [ 0.095

2. EMITTER
3. COLLECTOR

SOLDERING FOOTPRINT*

. 0.65
0.65 _ | |._ 0.025
0.025
1.9
| 0.075
0.9 i
0.035
07 || |l
0.028
SCALE 10:1 (%)

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM)/D.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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