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Abstact

Hybrid Continuous Passive Motion (Hybrid CPM) is a medical device used for the
purpase of physical rehabilitation of joint knee.

The device functions by 2 modes, motor driving mode and man power driving mode. With
the first mode the user can operate the device by programming or operates manually the device.
For the second mode, the device is functioned by human force. This device is accompanied with a
gear group to relate with slide block to lifting up axis to be connected with a patient’s leg so that
the leg slowly is left until locative angle be set between 60 degrees to 120 degrees.
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Philips Semiconductors Product specification
L ]

N-channel enhancement mode IRFZ44N

TrenchMOS™ transistor
.|

GENERAL DESCRIPTION QUICK REFERENCE DATA
N-channe! enhancement mode SYMBOL | PARAMETER MAX, UNIT
standard level field-effect power
transistor in a plastic envelope using Vos Drain-source voltage 55 v
‘trench’ technology. The device o Drain current (DC) 49 A
features very low on-state resistance Pyt Total power dissipation 110 w
and has integral zener diodes giving T Junction temperature 175 C
ESD protection up to 2kV. #t is Roson Drain-source on-state 22 mQ
intended for use in switched mode resistance Vg =10V
power supplias and general purpose
switching applications.
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION
mg O g d
1 te Lo
o —
2 |drain e
g —
3 |source
tab |drain syl s
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Vs Drain-source voltage 2 - 55 Vv
Voer Drain-gate voltage Rgs = 20 kO - 55 v
+Ves Gate-source voltage - - 20 "
(Y Drain current (DC) Tw=25"C - 49 A
o Drain current (DC) To =100 °C - 35 A
{ lom Drain current (pulse peak value) T =25°C - 160 A
P Total power dissipation Tw=25"C - 110 w
T T Storage & operating temperature |- -85 175 C
ESD LIMITING VALUE
SYMBOL |PARAMETER CONDITIONS MIN. MAX, UNIT
Ve Electrostatic discharge capacitor Human body maodel - 2 kv
voltage, all pins (100 pF, 1.5 kQ)
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS TYP. MAX, UNIT
Ryt Thermal resistance junction to - - 14 KW
mounting base
Ren e Themmal resistance junction to in free air 80 - KW
ambient




Philips Semiconductors Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

STATIC CHARACTERISTICS
T=25'C unless otherwise specified
SYMBOL |[PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Viarpss Drain-source breakdown Vas =0 V; b =0.25 mA; 55 - - \%
voltage T,=-55C 50 - - Vv
Vgsro) Gate threshold voltage Vps = Vas: I = 1 mA 20 3.0 40 Vv
T,=175°C 1.0 - - v
f=s6C| - | - | 44
loss Zero gate voltage drain current |Vps =585V, Vs =0V, - 0.05 10 A
T,=175'C - - 500 A
lass Gate source leakage current Ves =210 V; Vg =0V - 0.04 1 pA
T,=175°C . - 20 | pA
IVaress |Gate source breakdown voltage {i; = £1 mA; 16 - - 1
Rosion Drain-source on-state Ves =10V I =25 A - 15 22 | mQ
resistance T,=175°C - - 42 mQ
DYNAMIC CHARACTERISTICS
T = 25°C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
O Forward transconductance Vps=25V; 1, =25 A 6 - - S
Ces Input capacitance Vae=0V; Vpe=26V; f=1 MHz - 1350 | 1800 | pF
Cose Output capacitance ' - 330 | 400 pF
Ces Feedback capacitance - 155 |1 215 pF
Q Total gate charge Voo =44V I,=50A; Vg =10V - - 62 nC
Q.. Gate-cource charge C - 15 nC
Qg Gate-drain (miller) charge - - 26 nC
tion Turn-on delay time Voo =30 V; I, =25 A, - 18 26 ns
t Tum-on rise time Vs =10V, R =100 - 50 75 ns
tyon Tum-off detay time Resistive foad - 40 50 ns
t Tum-off fall ime - 30 40 ns
Ly intemal drain inductance Measured from contact screw on - 3.5 - nH
tab to centre of die
L, Intemnal drain inductance Measured from drain lead 6 mm - 4.5 - nH
from package to centre of die
L, Internal source inductance Measured from source lead 6 mm - 7.5 - nH
from package to source bond pad
REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T, = 25°C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
loa Continuous reverse drain . - 49 A
current
borm Pulsed reverse drain current - - 160 A
Van Diode forward voltage If=25A; V=0V - 095 | 12 \'4
=40 A Vgs=0V - 1.0 -
i Reverse recovery time Iz =40 A; -di/dt = 100 Alus; - 47 - ns
Q. Reverse recovery charge Ves =10V, Vo =30V - 0.15 - pG
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N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

AVALANCHE LIMITING VALUE
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Woss Orain-source non-repetitive Ib=45A; Vpes25V; - - 110 md
unclamped inductive tum-off Ves =10V Rss=50Q; T, =25°C
energy
120 -PO% Normalised Power Derating 1000
110 IG/A
100 =
:: N 100 ROJONFVISTD | ‘-\\ o N~ .L"~ “5 :’w
70 ] - - 10us
N - Ty ., .
i h ™ = ™ N 100 us
40 \\ DG ~ \\ - \q~
o 10 = 1ms
2 ™ 10ms
10 100ms
0 M
0 20 40 60 80 100 120 140 180 180 p L
Tmb?C 7 10 VDSV 100
Fig.1. Normalised power dissipation. Fig.3. Safe operating area. 1., =25°C
PD% = 100-Pp/Pp o5 = {(Tins) Ip & Ipy = KVis), Ioy Single pulse; parameter t,
20 D% Normalised Curent Derating 10
110
100
%0 ~ 1t
a0 ~
70
60 erf
50 Ny
40
30 001
2
12 ‘ |
0 20 40 80 8 100 120 140 160 180 0.001 -t e 0.0001 0.01 100
Tmb/ °C s
Fig.2. Normalised continuous drain current. Fig.4. Transient thermal impedance.
10% = 100 I/l, 55 ¢ = f(T,); conditions: Vs> 10 V Zn o = f(t); parameter D = t/T
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N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

100 %0
16 9 -
1D/A esy 80 gtes
10 8.5| 25 ]
> 75
20
% - 70 /
15
6.5
. /
6.0 10 /
20 55 5 T
50
o 45 0
0 2 4 uosy © 8 1049 ] 20 0. 80 a0 100
Fig.5. Typical output characteristics, T, = 25 °C. Fig.8. Typical transconductance, T,=25 °C.
Ip = {(Vyns); parameter Vi gx = f(Ip); conditions: Vg = 5V
P m 252 Rds(on) nonmiised to c
s
/ ] (. /’1’
30 v / 65 v ot
.5 15
25 E &
L / J “
20 é/ // = 2 A i
15 L
0.5
0w = 3% 0,50 60 70 80 0 -100 50 o Tmb,%c 100 150 200
Fig.6. Typical on-state resistance, T, = 25 °C. Fig.9. Normalised drain-source on-state resistance.
Roson = f(ip); parameter Vs 8 = Rysony/Rosionzs ¢ = AT) In =25 A, Vg = 10V
100 VGS(TO)/V
/ ST
HvA / / T3
&0 A T =
Vi 4
/ / 1 o] -
“ / 3 TR .
/ it
40 2 = =
1
» = {175 /I 25
/
o 7 y; 6 ry 10 12 %00 -50 0 50 100 150 200
vasv 17/C
Fig.7. Typical transfer characteristics. Fig.10. Gate threshold voltage.
Ip = {(Vs) ; conditions: Vs = 25 V, parameter T, Vesro) = [(T)); conditions: Ip = 1 mA; Vg = Vs
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N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

Sub-Threshold Conduction 100 7

1E-01
FIA /
/ /

7~ 7
7 7 y
1£-02 S J /
= F— /
1 J [ + 80

2%, I4
|- we=| 15| f / 2
/

l, ". II 40
1E-04 L ! %E 4
IL lf lr I
7 i A Vi rd
1605 4 4 - s Y
= = = . ‘//
’ ! 4 3 . . . ) .
1E-060 p £ 3 3 £ 7 % o 0.2 04 0.6 0.8 1 1.2 14
Fig.11. Sub-thresholid drain current. Fig.14. Typical reverse diode current.
Ip = f(Vss, conditions: T, = 25 °C; Ve = Vigg Iz = f{Vsps); conditions: Vs = 0 V; parameter T,
25 120 WDSS%
o 1o
2 ™ 100 AV
e S ~~"'l 4 \\
Y ~ SN 2
§ 1.5 \\ =y 70
S \ * 1| Ciss &0
g, A %
) 40
N N " \
. \“ N 7 ~
. B N A Coss 10 N -
r.ll QSE o
0 20 40 60 80 100 120 140 160 180
a.01 o1 1 vosny 10 100 Tmb/ °C
Fig.12. Typical capacitances, Cy;, Cos Crss- Fig.15. Normalised avalanche energy rating.
C = f(Vps); conditions: Vg =0 V; F= 1 MHZz Wiss% = KT,.); conditions: I, =49 A

12

VGSN
10
ws= 1V
8
/) ws-luv

6 , VGS
L/ ] J |—
L/

0

(4 10 2006‘/!10 30 40 56

Fig.13. Typical turn-on gate-charge characteristics. Fig.16. Avalanzch e energy test circull
Vs = Q) conditions: I, = 50 A; parameter Vps Wpss = 0.5- LI, - BV o/ (BV o= Vip)
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N-channel enhancement mode IRFZ44N
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4 | oo
U #D
VDS
VGS -
Jims

Fig.17. Switching test circuit.
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N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor
MECHANICAL DATA
Dimensions in mm 4.5
Net Mass: 2 g max
10,3 > -
max
13 — o= et —
Babiin B l
| -
]] B 28 B 59 A
' N ’ // n min
1 j: = -
A=\ ! T 15,8
O ! max
| i 1 :
L.-‘.___!A.._._J i
L @L~ A ) L Y
3,0 max i
nottinned Ay _{__;_ 1
} i 13,5
A’I :_‘%J_ 1 min
13 |
max 1l 2613
2x) | e 0.9 max(3
(2x) j e : .9 max (3x) ! 0,6
2,54 2,54 — i e 24

Fig.18. SOT78 (TO220AB); pin 2 connected to mounting base.

Notes

1. Observe the general handling precautions for electrostatic-discharge sensitive devices (ESDs) to prevent
damage to MOS gate oxide.

2. Refer to mounting instructions for SOT78 (T0O220) envelopes.

3. Epoxy meets UL94 VO at 1/8".
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N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

DEFINITIONS

Data sheet status

Obijective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause pemanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any licenss under patent or other
industrial or intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.
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e

NPN power transistors BD135; BD137; BD139
FEATURES PINNING
« High current (max. 1.5 A) PIN DESCRIPTION
+ Low voltage (max. 80 V). 1 emitier

2 collector, connected to metal part of

APPLICATIONS mounting surface
» Driver stages in hi-fi amplifiers and television circuits. 3 base
DESCRIPTION
NPN power transistor in a TO-126; SOT32 plastic
package. PNP complements: BD136, BD138 and BD140. O 2

I
102[]30 Topview | mawase

Fig.1 Simplified outline (TG-126; SOT32) and

symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System {IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
BD135 - 45 V'
BD137 - 60 Vv
BD139 - 100 Vv
Veeo collector-emitter voltage open base
8D135 - 45 v
8D137 - 60 Y
8D139 - 80 v
Veso emitter-base voltage open collector - 5 \")
Ic collector current (DC) - 15 A
lom peak collector current - 2 A
lem peak base current - 1 A
Pyt totat power dissipation T £70°C - 8 w
Teg storage temperature -65 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 °C

1999 Apr 12 2
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NPN power transistors BD135; BD137; BD139
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihja thermal resistance from junction to ambient note 1 100 KW
Rih jmo thermal resistanice from junction to mounting base 10 Kw
Nate

1. Refer to TO-126; SOT32 standard mounting conditions.

CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
leeo collector cut-off cumrent lge=0;Vcg=30V - - 100 |nA
le=0;Veg =30V, Tj=125°C - ~ 10 uA
leso emitter cut-off current lc=0;Vegg =5V - - 100 |nA
hee DC current gain Vee =2V, (see Fig.2)
lc=5mA 40 - -
Ic = 1560 mA 63 - 250
ic = 500 mA 25 - -
DC current gain lc =150 mA; Ve =2V,
BD135-10; BD137-10; BD139-10 | (see Fig.2) 63 ~ 160
BD135-16; BD137-16; BD139-16 100 |- 250
VeEsat collector-emitter saturation voltage |1c = 500 mA; Ig = 50 mA - - 0.5 Vv
Vee base-emitter voltage lc =500 mA; Ve =2V - - 1 v
fr transition frequency Ilc=50mA; Vce=5V; — 190 |- MHz
f =100 MHz
hees DC current gain ratio of the el =150 mA; IVgel =2V - 1.3 116
ﬁ-;-E—; complementary pairs
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NPN power transistors BD135; BD137; BD139
160 [ el
heg VGE=2V
I

120

N\

\
) \
\
40
(1’0-1 1 10 102 i (mA) 10?

Fig.2 DC current gain; typical values.
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NPN power transistors BD135; BD137; BD139

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads SOT32
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NPN power transistors BD135; BD137; BD139
DEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.
Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where maifunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do s0 at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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NPN power transistors 8D135; BD137; BD139

NOTES
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Philips Semiconductors Product specification
[T

PNP power transistors BD136; BD138; BD140
FEATURES PINNING
« High cumrent {max. 1.5 A) PIN DESCRIPTION
« Low voltage (max. 80 V). 1 emitter
2 coltector, connected to metal part of
APPLICATIONS mounting surface
+ General purpose power applications, e.g. driver stages 3 base

in hi-fi amplifiers and television circuits.

DESCRIPTION

2
PNP power transistor in a TO-126; SOT32 plastic O
package. NPN complements: BD135, BD137 and BD139.

Gl

Fig.1  Simplified outline {TO-126; SOT32)

and symbol.
LIMITING VALUES
in accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veso collector-base voltage open emitter
BD136 - -45 Vv
BD138 - -60 v
BD140 - -100 Vv
Vceo collector-emitter voltage open base
BD136 - —45 A
BD138 - —60 A
BD140 - -80 Y
Veso emitter-base voltage open collector - -5 vV
Ic collector current (DC) - -1.5 A
lom peak collector current - -2 A
Igm peak base current - -1 A
Pyt total power dissipation Top <70°C - 8 w
Tsig storage temperature -65 +150 °C
T; junction temperature - 150 °C
Tamb operating ambient temperature —65 +150 °C
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Philips Semiconductors ' Product specification

PNP power transistors BD136; BD138; BD140
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihja thermal resistance from junction to ambient note 1 100 Kw
Ren jmb thermal resistance from junction to mounting base 10 Kw
Note

1. Refer to TO-126 (S0OT32) standard mounting conditions.

CHARACTERISTICS
T = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
leso collector cut-off current lge=0;Veg=-30V - - -100 {nA
le=0Veg=-30V; T;=125°C - - 10 |pA
lego emitter cut-off current lc=0;Veg = -5V - - -100 inA
hee DC current gain Vce =-2 V; (see Fig.2)
lc=~-5mA 40 - -
Ic =150 mA 63 - 250
Ic = -500 mA 25 - -
DC current gain lc =150 mA; Vg =~2 V;
BD136-10; BD138-10; BD140-10 | (see Fig.2) 63 |- 160
BD136-16; BD138-16; BD140-16 100 |- 250
VeEsat collector-emitter saturation voitage | lc = -800 mA,; Ig = -50 mA - - 05 |V
Vee base-emitter voltage lc =800 mA; Veg=-2V - - -1 v
fr transition frequency Ic = -50 mA; Vee=-5 V; = 160 - MHz
f= 100 MHz
hees DC current gain ratio of the Hel =150 mA; [veel =2v - 1.3 |16
F‘;Ez- complementary pairs
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PNP power transistors BD136; BD138; BD140
160 MBH730
hre T VeE = -2V
120 \\\
N
\

80

40

0

—10-1 -1 -10 -102 -103 ic (mA) ~104

Fig.2 DC cumrent gain; typical values.
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Philips Semiconductors Product specification

PNP power transistors BD136; BD138; BD140

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; mountable to heatsink, 1 mounting hole; 3 leads S0T32
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DIMENSIONS (mm are the original dimensions)
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1. Terminai dimensions within this zone are uncontroiled to allow for flow of plastic and terminal imegularities.
OUTLIN REFERENCES OPEAN
VeRsiON i€C JEDEC EIAJ PROJECTION ISSUE DATE
SOT32 TO-126 £330 97-03-04
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Philips Semiconductors Product specification

PNP power transistors BD136; BD138; BD140
DEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.
Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fulty indemnify Philips for any damages resutting from such
improper use or sale.
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PNP power transistors BD136; BD138; BD140

NOTES
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