MD6001, F (siicon
MD6002, F
MD6003, F
MQ6001, MQ6002

MULTIPLE SILICON ANNULAR TRANSISTORS NPN, PNP SILICON

... designed for use as differential amplifiers, dual general-purpose MULTIPLE
switches and amplifiers, front end detectors, and temperature
compensation amplifiers, where complementary devices are required. TRANSISTORS
® Low Collector-Emitter Saturation Voltage —

VCE(sat) = 0.4 Vdc (Max) @ I = 150 mAdc
® Fast Switching Times — ton = 28 ns (Typ) and toff = 72 ns (Typ) - e
® DC Current Gain Specified -- 0.1 mAdc to 300 mAdc —8 — MD 6002
® High Current-Gain—Bandwidth Product — M MD6003 -~

fT = 340 MHz (Typ) @ I = 50 mAdc % f

E
MAXIMUM RATINGS g ®
MD6001,F e
MD6003 | MDG002.F ° WL TWERES )
Rating Symbol| MDB003F | MQ6001,2 Unit = Dim [ MIN | MAX | MIN | MAX

Collector-Emitter Voltage VCEO 30 Vde

Collector-Base Voltage Vs 50 | 60 vde

Emitter-Base Voltage VEB 5.0 Vdc

Coll Current — C Ic 500 mAdc oy gz;wm. + ewirTen g: . %

Al Di 3 EMITTER 7. COLLECTON 270 - 105601 -
One Die | Equal P'::"' ‘ a::sms w;;mm T

Total Powsr Dissipation @ T = 25°C Pp mw - = .
MD6001,2,3 575 625 r Vot
MD8001F,2F ,3F 350 400 ‘=== [ Mpsooar
MQ8001,2 400 600 T ] :} A

Derate above 25°C mw/oc| | L I |
MD6001,2,3 3.29 3.57 iy
MD6001F 2F,3F 2.0 2.28
MQ6001,2 2.28 3.42

Total Power Dissipation @ T¢ = 26°C Pp Watts
MD6001,2,3 1.8 25
MD6001F 2F ,3F 1.0 2.0
MQ6001,2 0.9 3.6

Derate above 25°C mw/°C
MD6001,2,3 10.3 14.3
MD8001F,2F ,3F 571 1.4 -
MQ6001,2 5.13 20.5 ! coLLecron 085
- - + Coiieron o+
Operating and Storage Junction TJ,T“Q -65 to +200 °c 357 = .75
Tempersture Range CASE 610A.03 : _254 B‘§'2C7 1
THERMAL CHARACTERISTICS h L ,7,7 MQ6001
All Die " " 1 MQ6002
Characteristic Symbol | One Die |Equal Power | Unit T o [ — T‘

Thermal Resistance, Junction to Ambient [Rgya(1) ociw o 1 “
MD6001,2,3 304 280 l o o ° /%\<;"?
MD6001F,2F 3F 500 438 : i !

MQ6001,2 418 202 Lpe -

Thorm;l';;;i;t"l;c;. Junction to Case RoJc o o oc/w R e~ I A

2, [ MILLIMETERS
MD6001F ,2F 3F 175 87.5 ST oiecton |oIm] M% M_QSL
MQ86001,2 195 48.8 1 trren 761203 Lo

- - 4 NOT CONNECTED LRy ¥
Junction to | Junction to S EMITTER .25 | 048 | 0
Ambient Case ¥ tottecron 08 Lals
2 ConecToR .

Coupling Factor % g 0.13 | 0.89
M0D6001,2,3 84 44 :; :.o‘vvsg:uuvsn S_ 5 lJf!B
MDB001F,2F 3F 75 0 1% Bitecron [ Tiaso [ —

MQ6001,2  (Q1-Q2) 57 0 Ay
(Q1-Q3 or Q1-Q4) 55 0 CASE 607-04 1588

{1) Rg A is measured with the device soldered into a typical printed circuit board.
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 (continued)

In multiple chip devices, coupling of heat between die occurs.
The junction temperature can be calculated as follows:
(11471 = Rg1 Pp1 + Re2 K92 Pp2 + Re3 Kga Po3
+Ro4 Kga Pp4
Where AT j4 is the change in junction temperature of die 1
Rg1 thru 4 is the thermal resistance of die 1 through 4
Pp1 thru 4 is the power dissipation in die 1 through 4
Kg2 thru 4 is the thermal coupling between die 1 and
die 2 through 4,

An effective package thermal resistance can be defined as
foliows:

(2} Rg (EFF) = AT 1/PDT
Where: Pp is the total package power dissipation.

THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE

Assuming equal thermal resistance for each die, equation (1)
simplifies to

(3) ATy = Rgq (Pp1 + K92 Pp2 + Kg3 Pp3 + Ko Ppa)

For the conditions where Pp = Pp3 = Pp3 = Ppy, POt = 4Pp
equation (3) can be further simplified and by substituting into
equation (2) results in

(4) Rg(EFF) = Rg1 {1+ Kg2 + Kg3 + Kgg) /4

Values for the coupling factors when either the case or the
ambient is used as & reference are given in the table on page 1. If
significant power is to be dissipated in two die, die at the opposite
ends of the package should be used so that lowest possible junction
temperatures will result.

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

[ Characteristic T Symbol T Min T Tvp | Max T Unit']
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage {1) BVeED 30 - - Vdc
(g = 10 mAdc, Ig = 0}
Coliector-Base Breakdown Voltage BVceo Vdc
{ic = 10 uAdc, tg = 0) MDB0OO3,F 50 - -
MD6001,F, MD6002,F, MQ6001, MQ6002 60 - -
Emitter-Base Breakdown Voltage BVERO 5.0 - - Vdc
(lg = 10 pAdc, 1= 0)
Collector-Cutoff Current Iceo - - 100 nA
(Veg = 40 Vdc, lg = 0) MD6003,F
Collector Cutoff Current ICEV
(VcE = 30 Vde, VBE(oif) = 3.0 Vdc) MD6003,F - - 30 nAdc
(VCE = 50 Vdc, Vgg(off) = 3.0 Vdc) MD6001,F,2,F, MQ6001,2 - - 20 nAdc
(Ve = 50 Vde, VEg(off) = 3.0 Vdc, Tp = 150°C) - - 30 mAdc
MD6001,F,2,F, MQ6001,2
Base Cutoff Current IBev
(VCE = 30 Vdc, VBE (off) = 3.0 Vde) MD6003,F - - 50 nAdc
(VCE = 50 Vdc, Vgg(off) = 3.0 Vdc} MD6001,F,2,F MQ6002,F - - 30
ON CHARACTERISTICS (1)
DC Current Gain hgg -
{ic = 0.1 mAdc, Vg = 10 Vdc) MD6001,F, MQB001 20 80 -
MD6002,FF, MQ6002 35 70 -
{Ic = 1.0 mAdc¢, Vg = 10 Vdc) MD6001,F, MQ6001 25 90 -
MD6003,F 40 70 ~
MQ6002,FF, MQ6002 50 100 -
{ig = 10 mAdc, Vg = 10 Vde) MD6001,F, MQ6001 35 70 -
MD6002,F, MQ6002 75 110 -
{Ig = 1580 mAdc, Vg = 10 Vdc) MD6001,F, MQ6001 40 - 120
MD6003,F 70 110 -
MD6002,f, MQE002 100 200 300
(I = 300 mAdc, Vcg = 10 Vdc) MD6001,F, MQ6001 20 - -
All Other Devices 30 90 -
{ic = 150 mAdc, Veg = 1.0 Vde) MD6&001,F, MQ6001 20 80 -
MD6002,F, MQ6002 50 — -
Collector-Emitter Saturation Voltage VCE(sat} Vde
{Ic = 150 mAdc, |g = 15 mAdc) All Devices - 0.3 0.4
{I¢ = 300 mAdc, ig = 30 mAdc) MD6001, MD6002,F, MQ6001,2 - 0.59 14
Base-Emitter Saturation Voltage VBE(sat) Vdc
{ig = 150 mAdc, Ig = 15 mAdc) Al Devices - 1.02 13
(ic = 300 mAdc, ig = 30 mAdc) MD6001, MD6002,F, MQ6001,2 - 1.25 20

{1) Pulse Test: Pulse Width < 300 us, Duty Cycle <;2.0%.
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 (continued)

ELECTRICAL CHARACTERISTICS (continued)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product fr 200 340 - MHz
(ic = 50 mAdc, Vg = 20 Vde, f = 100 MHz)
Output Capacitance Cob - 5.6, 8.0 pF
(Vcp = 10 Vdc, Ig = 0, f = 100 kHz)
Input Capacitance Cip - 16 30 pF
(VBE = 2.0 Vdc, I = 0, f = 100 kHz)
SWITCHING CHARACTERISTICS
TurmOn Time } v = 30 Vde, v 0 Ve, Ic = 150 mAd “on - 5 ki =
P cc= C. VBE(off) = c.lc= mAde, — —
Delay Time | 11 = 15mAdc)  MDBOOTF,2F, MQBO001,2 'd 20 it
Rise Time tr — - 40 ns
Turn-Off Time w toff - 72 350 ns
Storege Time CC = 30 Vdc, ic = 160 mAde, Igq = Ig2= 15 mAdc) % — — 280 e
- MD6001F,2F, MQ6001,2
Fall Time tf - - 70 ns
FIGURE 1 — DC CURRENT GAIN
20 I —
L Ty = +1750C B0
= L ——3= =t g
a _’__‘,’—’-— dddd=-=- ~d \
& bt ‘=T M \
F ] -d-1-T" AN
0| - +25°C N
2 — = T~ N N
_;_ 07 - 4 -l-T ~ \ N,
g P 3 N
s F E——— —_-1-F N
g —I=+ A NRET
£ EEEes — 4 &
g LI +4 Vee= 10V NNEBEN
i ———g = 10V \ <
203 AN
2
\
6.2 LY
05 07 10 20 30 5.0 70 i0 20 30 50 70 100 200 300 500

Ic, COLLECTOR CURRENT (mA)
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MD6001,F, MD6002,F, MD6003,F, MQ6001, MQ6002 (continued)

“ON" VOLTAGE (VOLTS)

NF, NOISE FIGURE (d8)

FIGURE 2 — “ON" VOLTAGES FIGURE 3 - TEMPERATURE COEFFICIENTS
20 +20
L6 T, = 25°C 4 +1.0 -T- Bvc FOR Veg(sar)
[ L]
T _ HTTH —55°C T0 +25°C =
12 Vaggsan) @ le/ly = 10 /i g 0 -
A E +25°C T0 +175°C
i
g A
08 £ 10 [0 FOR Ve
Vor @ Ve = 10V S L)’“ o ) 11
+25°C 10 +175°C 11— Lt
0.4 —20 +
u VCE(ISIAY) @lc/lg=10 (1 —559C T0 +25°C
Ll Ll
0 T Tl 1 [ LI
05 10 20 50 10 20 50 100 200 500 05 10 20 50 10 2 50 100 200 500
Ic.. COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
NOISE FIGURE
VCE =10V, Ta = 25°C
FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS
60 T T 10
Vee < 10 Vee NI T I LY
Ta = 250C TN HH-HH
5.0 Ig= 10 pA t=1.0kHz
: 80 N[
40 Mg =
w A I
le=10 s 8o 00 N Vi
™ Re=47kQ | e 10044 b
ST 3 '* |
2 i
Tt 2 40 t A
lc = 10 mh e ‘ % 4
e Ry =07kQ = 3
A T s 4 %
- ”i—m i 20 d Ve = 10 Vde )|
10 Tttt : 1mA \5“_,- // Ta = 250C
Ic =100 pA \ N | |
Rs = 1.2kQ I
0 INERTT o |
01 02 05 10 20 50 10 20 50 100 01 02 05 10 20 50 10 20 50 100
f, FREQUENCY (kH2) Rs. SOURCE RESISTANCE (k OHMS)
FIGURE 6 — CURRENT-GAIN BANDWIDTH PRODUCT FIGURE 7 — CAPACITANCE
S RN ? IBBARL
z VCE = 20 Vdc 0 - Ty = 2%
£ 40T = 100 MH: 2 - ~ f= 100 kHz —’—1
3 Ty = 250C P e = T~ ™
Q » a .~
-3 // ol \
= A = Can
= - =
£ 200 A Z w0
3 =
E4 S
] <
= g0
= R
- (3]
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Z 80
o
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3 60 30
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MD6001,F, MD6002,F, MD6003, F, MQ6001, MQ6002 (continued)

t,. STORAGE TIME (ns)

FIGURES — TURN ON TIME FIGURE® — CHARGE DATA
500 5000
el
300 3000
====Vgc=30V, VE(off) = 20V — P Vee =30V
N 2000 2 Ty = 250C $—
200 8 ———— Vg = 10V, VBE(off) =0V | 4
1¢/lg = 10 t
PN Ty=250C = @1, TOTAL CONTROL CHARGE
& 100 N . 2 1000
z ~ v
- ©
g o PRATS g o 7
(= N 3 < =1 4
50 N p 500 4
A, A N AN A
~ //
30 h 300 —
N K
N \ > ]
2 N N =TT L1 20 Qa, ACTIVE REGION CHARGE L
- el LI
50 70 10 20 30 50 70 100 200 300 500 50 70 10 20 30 50 70 100 200 300 500
I, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
FIGURE 10 - STORAGE TIME FIGURE 11 — FALL TIME
500 500
300 300 g S
200 gt~ 1/8 1§ 200 3 vee=30V L
—1 N AN Bi=le2 | |
w i81 * 182 2 - \\ R Ty =250
Ty =250C H ~ M
3 £ N Ic/g =20
70 = =
50| clig=10 S50 Ig/ig = 10 S
-t - b}
- R ~4 o
20 =T BN " 44-4
20 b4 1eg=20 N 2 ~
10 10
50 70 10 20 30 5 70 100 200 300 500 50 70 10 20 30 50 70 100 200 300 500
Ic. COLLECTOR CURRENT (ma) Ic, COLLECTOR CURRENT (mA)
FIGURE 12 — DELAY AND RISE FIGURE 13 — STORAGE AND FALL
TIME TEST CIRCUIT TIME TEST CIRCUIT
-30 30V
P.W.> 200 ns 200
tr<2.0ns
Outy Cycle < 2.0% SCOPE

"‘) —-“1mv
T0 OSCILLOSCOPE  fg—— -l_

RISE TIME 5.0 ns I
-6V
>200 nsL

= tr<20ns

Duty Cycle < 2.0%.
For NPN Test Circuits, Reverse

Diode and alt Voltage Polarities,

1.0k
0 o—o—'vvv——<

-6V

—

-30v
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