J L BTR59 SERIES

FAST GATE TURN-OFF THYRISTORS

-

Thyristors in SOT-93 envelopes which are capable of being turned both on and off via the gate, and
may be used with gate-assisted turn-off in anode-<commutated circuits. They are suitable for use in
resonant power supplies, high-frequency inverters, motor control etc. The devices have no reverse
blocking capability; for reverse blocking operation use with a series diode, for reverse conducting
operation use with an anti-parallel diode. The anode is connected to the mounting base.

QUICK REFERENCE DATA

BTR59—800R | 1300R

Repetitive peak off-state voltage VDRM max. 800 I 1300 \
Controllable anode current ITCRM max. 50 A
Average on-state current IT(AV) max. 10 A
Circuit commutated turn-off time tg < 1.0 us
MECHANICAL DATA Dimensions in mm
Fig.1 SOT93; anode connected to mounting base.
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Accessories supplied on request; see data sheets Mounting instructions and accessories for SOT-93

envelopes.
) l (March 1987 259



BTR59 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134).

Anode to cathode -

Transient off-state voltage
Repetitive peak off-state voltage
Working off-state voltage
Continuous off-state voltage

Average on-state current (averaged over any
20 ms period) up to T = 85 °C

R.M.S. on-state current
Controllable anode current

Non-repetitive peak on-state current
t = 10 ms; half-sinewave;
Tj=120 OC prior to surge

12t for fusing; t = 10 ms
Total power dissipation up to Ty, = 25 ©C

Gate to cathode

Repetitive peak current
Tj =120 OC prior to surge
gate-cathode forward; t = 10 ms;
half-sinewave
gate-cathode reverse; t = 20 us

Average power dissipation (averaged over any
20 ms period)

Temperatures

Storage temperature

Operating junction temperature

THERMAL RESISTANCE

From mounting base to heatsink;
with heatsink compound

From junction to mounting base

Vpsm
VDRM
Vpw
Vp

IT(AV)
IT(RMS)
ITCRM

ITSM
12¢

Ptot

IGFM
IGRM

PG(Av)

Tstg

Rth mb-h
Rth j-mb

*Measured with gate-cathode connected together.

BTR59—800R | 1300R
max. 800 1300
max. 800 1300
max. 600 1000
max. 400 750
max. 10
max. 16.5
max. 50
max. 100
max. 50
max. 105
max. 25
max, 25
max. 5.0
—40to +125
max. 120
= 0.2
= 0.9

V*
V-I'
V*
vi

>

Als

oc
oC

K/W
K/w
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Fast gate turn-off thyristors

BTR59 SERIES

CHARACTERISTICS
Anode to cathode
On-state voltage

IT=10A;1g=05A; Tj=120°C VT < 30 v*
Rate of rise of off-state voltage that will not
trigger any off-state device; exponential method
VD =2/3Vpmax: VGr=5V; Tj=1200C dVp/dt < 10 kV/us
Rate of rise of off-state voltage that will not trigger
any device following conduction, linear method
IT=20A;Vp=VDRMmax;: VGR=10V; Tj=120 oC dVp/dt < 1.0 kV/us
Off-state current
VD =VDmax: Tj = 120 °C Ip < 5.0 mA
Latching current; Tj= 25 °C L typ. 1.5 A**
Gate to cathode
Voltage that will trigger all devices
VD=12V;TJ-=25°C Vo > 1.5 Y
Current that will trigger all devices
Vp=12V;Tj=25 oC IGT > 500 mA
Minimum reverse breakdown voltage
Igr=1.0mA V(BRJGR > 10 \
Switching characteristics (resistive load)
Turn-on when switched to I =10 A from Vp =250 V
with IGE =25 A; Tj=25 oc
delay time tg < 0.3 us
rise time tr < 1.5 us
lGF M1433
time
T
90%
_.td le—
t, >
10%
time
Fig.2 Waveforms.
*Measured under pulse conditions to avoid excessive dissipation.
**Below latching level the device behaves like a transistor with a gain dependent on current.
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BTR59 SERIES

Switching characteristics (inductive load)
Turn-off when switched from I =10 A to Vp = Vpmax:
VGR=10V; LG <05 uH; Lg <0.25 uH; Cg > 20 nF; Tj=850°C

storage time tg < 0.60 us
fall time tf < 0.25 us
peak reverse gate current IGR < 10 A

90% -
I
time
_ ¢
dt
Ve f 1 time
\
V(BRIGR ?R
]
— M1434 Fig.3 Waveforms.
Vel = Vb max
g
Cg
Fig.4 Inductive
-VGae 4 M1435  |oad test circuit.

*Indicates stray series inductance only.
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Fast gate turn-off thyristors BTR59 SER'ES

Switching characteristics (circuit-commutated)*

Turn-off time
IT =50 A; —diT/dt = 10 A/us; dVp/dt = 200 V/us;

VGR=5V;Tj="1209C tq < 1.0 us
T
—dlq/dt
\/
Vp < tq »| reapplied Vppm
dVp/dt
—
v
VR
+VG
VGR
-Vg M2800

Fig.5b Circuit-commutated turn-off time definition.

*Figs. 7,11,12,13, 15, 16, 17 do not apply to commutated turn-off.
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BTR59 SERIES
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Fig.6 The right hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.

|
a = form factor = _Tﬂs_)

IT(AV)
P = power excluding switching losses.
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Fast gate turn-off thyristors BTR59 SERIES

102 M2268

_—VGR=1OY
re N~
(A) T~V I

\.\\\ L
\ \
10
ey
™

1

10 102 103 dvp/dt* (V/ps)  10°

Fig.7 Anode current which can be turned off versus applied dVp/dt*; inductive load;
LG <05 uH; Lg<0.25 uH; Tj = 120 °C.

*dVp/dt is calculated from I7/Cg.
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BTR59 SERIES
M0557 M2977
3 103 Y
N
VGr s N
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2
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M
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Fig.8 Minimum gate voltage that will Fig.9 Minimum gate current that will
trigger all devices as a function of trigger all devices as a function of
junction temperature; Vp=12V. junction temperature; Vp = 12 V.
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VT
(V)
10
-
5 - ’/’/
/’
=]
-
L+ —7
——-"'/,’
2
1 2
1 2 5 10 20 50 IT(A) 10
Fig.10 Maximum V versus I; — — — Tj=25 oC;, — Tj=120 OC;1g=0.5A.
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Fast gate turn-off thyristors BTH59 SERIES

M1440
20

IGR
(A)

-
15 sl

10

™

0 10 20 30 40 50 I (A)

Fig.11 Peak reverse gate current versus anode current at turn-off; inductive load;
VGR=10V;ig=05A; Lg=0.4 uH; Tj = 120 °C; maximum values.

M1441
20
IGR
(A) !
s
——-—'_
L
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-
!
T
0
0 5 10 Vgr(v) 15

Fig.12 Peak reverse gate current versus applied reverse gate voltage; inductive load;
IT=10A;1G =05 A; Lg = 0.4 uH; Tj = 120 °C; maximum values.
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BTR59 SERIES

10 M1442
t
(us)
N ‘
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1
ts ———
14 ____,//'
tf
1071
—-25 0 25 50 75 100 Tj(°C) 125
Fig.13 Switching times as a function of junction temperature; Vp =250 V; IT = 10 A;
IGF=1.0A;Vgr=10V; I =05 A; Lg = 0.4 uH; maximum values.
10 M2280
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Fig.14 Transient thermal impedance.
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Fast gate turn-off thyristors BTR59 SERIES

10 M1443
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Fig.15 Storage and fall times versus applied reverse gate voltage;
inductive load, IT =10 A; 1g = 0.5 A; LG = 0.4 uH; Tj = 25 OC;
maximum values.
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BTR59 SERIES
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Fig.16 Maximum energy loss at turn-off (per cycle) as a function of anode current and applied
dVp/dt (calculated from I7/Cg); dVp/dt linear up to VD = VDWmax: VGR=10V;ig=0.5A;

LG <0.5 uH; Lg < 0.25 uH; Tj =120 °C.

M1445
B )
1 —r
——t :
1.0 —
7
/
5 /
| p.4
c /
E %
ot /!
©
2 0.5
°
»
> L~
&
=
3]
0
0 50

100 Tj(°C) 150  Normalised to Tj = 120 °C.

Fig.17 Energy loss at turn-off as a function of
junction temperature; |G =0.5 A; Vgr =10 V.
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Fast gate turn-off thyristors BTR59 SERIES
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Fig.18 Linear rate of rise of off-state
voltage versus gate-cathode resistance;
Tj= 25 OC; typical values.
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Fig.19 Rate of rise of off-state voltage versus junction temperature,
normalised to 25 °C; Vpmax = 750V, RgK = 22 &; typical values.
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MAINTENANCE TYPE J tBTSSQ SERIES

FAST GATE TURN-OFF THYRISTORS

Thyristors in SOT-93 envelopes capable of being turned both on and off via the gate. They are
suitable for use in high-frequency inverters, power supplies, motor control etc. The devices have no
reverse blocking capability; for reverse blocking operation use with a series diode, for reverse
conducting operation use with an anti-parallel diode. The anode is connected to the mounting base.

QUICK REFERENCE DATA

BTS59-850R | 1000R | 1200R

Repetitive peak off-state voltage VDRM max. 850 | 1000 | 1200 \
Non-repetitive peak on-state current ITsm max. 100 A
Controliable anode current ITCRM max. 50 A
Average on-state current IT(AV) max. 15 A
Fall time tf < 250 ns
MECHANICAL DATA Dimensions in mm
Fig.1 SOT-93; anode connected to mounting base
152 . 46 .
max. max.
1 1;46 01 @)@
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A 3125? R.2 max.(2x) T‘
3 : g
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M2787

Accessories supplied on request: see data sheets Mounting instructions and accessories for SOT-93
envelopes.
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BTS59 SERIES

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC134)

Anode to cathode - BTS59-850R | 1000R | 1200R
Transient off-state voltage Vpsm max. 1000 1100 1300 v
Repetitive peak off-state voltage VDRM max. 850 1000 1200 v*
Working off-state voltage Vpw max. 600 800 1000 v*
Continuous off-state voltage Vp max. 500 650 750 v*
Average on-state current (averaged over any '

20 ms period) up to Ty = 85 °C IT(AV) max. 15 A
Controllable anode current ITCRM max. 50 A
Non-repetitive peak on-state current

t = 10 ms; half-sinewave;

Tj =120 ©C prior to surge ITsm max. 100 A
12t for fusing; t= 10 ms 1%t max. 50 Als
Total power dissipation up t0 Ty =25 9C  Pygy max. 105 w
Gate to cathode
Repetitive peak current

Tj = 120 OC prior to surge

gate-cathode forward; t = 10 ms;

half-sinewave IGFM max. 25 A

gate-cathode reverse; t = 20 us IGRM max. 25 A
Average power dissipation (averaged over any

20 ms period) PG(AV) max. 5.0 w
Temperatures
Storage temperature Tstg —40 to +125 oc
Operating junction temperature T]- max. 120 oC
THERMAL RESISTANCE
From mounting base to heatsink:
with heatsink compound Rth mb-h = 0.2 K/wW
From junction to mounting base Rthj-mb = 0.9 K/wW

* Measured with gate-cathode connected together.
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Fast gate turn-off thyristors

BTS59 SERIES

CHARACTERISTICS

Anode to cathode

On-state voltage
IT=10A;ig=05A;Tj=1200C

Rate of rise of off-state voltage that will not
trigger any off-state device; exponential method
VD =2/3Vpmax: VGR=5V; Tj=120 oC

Rate of rise of off-state voltage that will not trigger
any device following conduction, linear method
IT=20A;Vp =VDRMmax: VGR =10 V; Tj=120 oC

Off-state current.
VD = VDmax: Tj =120 °C

Latching current; Tj = 25 °C

Gate to cathode
Voltage that will trigger all devices
VD=12V;Tj=25°C

Current that will trigger all devices
Vp=12 V,Tj=25°C

Minimum reverse breakdown voltage

IGR=1.0mA

Switching characteristics (resistive load)

Turn-on when switched to I =10 A from Vp = 250 V
with Ige =15 A; Tj=250C

VT

dVp/dt

dVp/dt

'p
IL

VeT

typ.

V(BR)GR >

delay time tq <
rise time t <
IGF M1433
Ig4+— —
time
T
90%
_—td le—
tl’
10%
time

*

Measured under pulse conditions to avoid excessive dissipation.

23

10

1.0

5.0
1.5

1.5

300

10

1.6

Fig.2 Waveforms

** Below latching level the device behaves like a transistor with a gain dependent on current.

V*

kV/us

kV/us

mA
A**

mA

us
us

August 1985
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BTS59 SERIES

Switching characteristics (inductive load)
Turn-off when switched from I =10 A to Vp = Vpmax;
VGR=10V; LG <05 uH; Lg <0.25 uH; Cg > 20 nF; Tj=250°C

storage time tg < 0.60 us
fall time ’ tf < 0.25 us
peak reverse gate current IGR < 10 A

l— tg time
S

I

time
_ 4
dt
IGR —_— . — —
p——
Ve f time
Vv
V(BRIGR ?R
_i Fig.3 Waveforms.
- M1434

+Vpp

-VeL = VD max

Fig.4 Inductive
load test circuit.

M1435

-VG6

*Indicates stray series inductance only
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Fast gate turn-off thyristors BTSSQ SERIES

M2278

40 1_1/ X \ ‘30 84
p AT TN e T
. b
(W) 1.57 // \ \1:‘;“ (g;:)
/ o\ o
30 1.9 \/ “‘J\ g 93
221 //1 L NEA \
14 N
28, [/ \ \\
JiVITiW \
WLV S// 8% g T b
J// N N \
//// \\ \
)7/, 9.4 % N \\
14/ N N
ANURANEAN
~ ‘\ \‘
1 ~N
N
0 120
0 5 10 150 50 100 160
Ir(av)(A) Tamb(°C)

Fig.5 The right hand part shows the interrelationship between the power (derived from the left-hand
part) and the maximum permissible temperatures.

IT(RMS)
IT(AV)

P = power excluding switching losses.

a = form factor =
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BTS59 SERIES

M2279

102

dVp/dt*=1

50 70V/us
100V/us

200V/us

Itc 500V/us
(A)
1kV/us

5kV/us

10

BTS59—
~1200R
H{ 1~ 1000R

—~ 850R

2
10 103 vp(v)

Fig.6 Anode current which can be turned off versus anode
voltage; inductive load; Vgr =10 V; Lg < 0.5 uH;

Ls <0.25 uH; Tj = 120 °C.

*dVp/dt is calculated from IT/Cg.
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Fast gate turn-off thyristors BTS59 SERIES

2268
102 T -
1
I
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a5V TN
\\\\ \\\\
\ \
10
T~y
™
! 4
10 102 10 dvp/dt* (V/ps) 10

Fig.7 Anode current which can be turned off versus applied dV p/dt*; inductive load;
LG <0.5uH; Lg <0.25 uH; Tj = 120 °C. *dVp/dt is calculated from IT/Cg. -
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BTS59 SERIES

J

M0557
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(V)

—50 0 50 100 150
Tj(OC)
Fig.8 Minimum gate vecltage that will
trigger all devices as a function of

junction temperature; Vp = 12 V.
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Fig.9 Minimum gate current that will
trigger all devices as a function of
junction temperature; Vp = 12 V.
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Fig.10 Maximum VT versus |T; —— Tj =250C; — — — — Tj =1200°cC.
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Fast gate turn-off thyristors BTSSQ SER'ES
M1440
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10
/r
5
0
0 10 20 30 40 50 It (A)
Fig.11 Peak reverse gate current versus anode current at turn-off; inductive load;
VGRr=10V;ig=05A; Lg = 0.4 uH; Tj = 120 °C; maximum values.
20 M1441
IGR
(A) 1
! I
: e
10 i r—
™
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0
0 5 10 VgR{V) 15

Fig.12 Peak reverse gate current versus applied reverse gate voltage; inductive load:
IT=10A;1g=05A, Lg=0.4 uH; Tj = 120 °C; maximum values.
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BTS59 SERIES

M1442
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Lt
1
t e
HES
td T
L
10~?
-25 0 25 50 75 100 T;(°C) 125
Fig.13 Switching times as a function of junction temperature; Vp > 250 V; IT=10A;
IGF=1.0A;VGr=10V; Ig =05 A; Lg = 0.4 pH; maximum values.
M2280
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Fig.14 Transient thermal impedance.
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Fast gate turn-off thyristors BTSSQ SERI ES

M1443
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range of Vgp
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Fig.15 Storage and fall times versus applied reverse gate voltage;
inductive load; IT=10 A; Ig=0.5 A; Lg = 0.4 uH; Tj = 25 °C;
maximum values.
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BTS59 SERIES

M1444
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Fig.16 Maximum energy loss at turn-off (per cycle} as a function of anode current and applied
dVp/dt (calculated from IT/Cg); dVp/dt linear up to Vpmax =600 V; VGr=10V; Ig =05 A;
Lg <05 uH; Lg<0.25 uH; Tj = 120 ocC.
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Fig.17 Energy loss at turn off as a function of
0 junction temperature; |G = 0.5 A; Vggr = 10 V.
0 50 100 Ti (°C) 1580 Normalised to Tj=120 oC.
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Philips Semiconductors Product specification
.

Silicon diffused power transistors BUT18F; BUT18AF
DESCRIPTION PINNING
High-voltage, high-speed, PIN DESCRIPTION
glass-passivated NPN power 1 b
transistor in a SOT186 package with ase
electrically isolated mounting base. 2 collector
3 emitter
APPLICATIONS mb mounting base; electrically isolated from all pins
e Converters
¢ Inverters o
o Switching regulators O 2 2
* Motor control systems.
1 1
MBB0O0S 3
MBBO77 3
203 waxios a. BUT18F. b. BUT18AF.
Fig.1 Simplified outline (SOT186) and symbols.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MAX. UNIT
Vcesm collector-emitter peak voltage Vege=0
BUT18F 850 \
BUT18AF 1000 v
Veeo collector-emitter voltage open base
BUT18F 400 \
BUT18AF 450 \"
VcEsat collector-emitter saturation voltage see Fig.7 1.5 v
lcsat collector saturation current 4 A
Ic collector current (DC) see Fig.4 6 A
icm collector current (peak value) see Fig.4 12 A
Piot total power dissipation Th £ 25 °C; see Fig.2 33 w
1] fall time resistive load; see Figs 10 and 11 0.8 us
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-h thermal resistance from junction to external heatsink | note 1 6.15 KwW
note 2 3.65 KW
Notes

1. Mounted without heatsink compound and 30 +5 N force on centre of package.
2. Mounted with heatsink compound and 30 15 N force on centre of package.
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Philips Semiconductors

Product specification

Silicon diffused power transistors

BUT18F; BUT18AF

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vcesm collector-emitter peak voltage Vge=0
BUT18F - 850 v
BUT18AF - 1000 v
Vceo collector-emitter voltage open base
BUT18F - 400 \"
BUT18AF - 450 \
lcsat collector saturation current - 4 A
Ic collector current (DC) see Fig.4 - 6 A
lem collector current (peak value) see Fig.4 - 12 A
Ig base current (DC) - 3 A
lem base current (peak value) - 6 A
Prot total power dissipation Th < 25 °C; see Fig.2; note 1 - 20 w
Th £ 25 °C; see Fig.2; note 2 - 33 w
Tsig storage temperature -65 +150 °C
Tj junction temperature - 150 °C
Notes
1. Without heatsink compound.
2. With heatsink compound.
ISOLATION CHARACTERISTICS
SYMBOL PARAMETER TYP. MAX. UNIT
Visom isolation voltage from all terminals to external heatsink (peak value) |- 1500 \
Cisol isolation capacitance from collector to external heatsink 12 - pF
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
VcEOsust collector-emitter sustaining voltage | Ic = 100 mA; Ipys = 0;
BUT18F L =25 mH; see Figs 3and 6 400 _ _ Vv
BUT18AF 450 - - \
VeEsat collector-emitter saturation voltage |Ic =4 A, Ig = 800 mA; see Fig.7 |- - 1.5 \"
VBEsat base-emitter saturation voltage Ic=4 A, Ig =800 mA; see Fig.8 |- - 1.3 \"
lces collector-emitter cut-off current Vce = VeesMmax Vee = 0; - - 1 mA
note 1
Vce = VcesMmax: Vee = 0; - - 2 mA
Tj =125 °C; note 1
leso emitter-base cut-off current Veg=9V;Ic=0 - - 10 mA
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Philips Semiconductors Product specification

Silicon diffused power transistors BUT18F; BUT18AF
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
hee DC current gain Vee=5V;Ic =10 mA; 10 18 35
see Fig.9

Vece=5V;Ic=1A; see Fig.9 10 20 35
Switching times resistive load (see Figs 10 and 11)

ton tumn-on time lcon=4A; - - 1
lgon = —lgott = 800 MA

ts storage time Icon =4 A; - _ 4 us
IBon = —lgot = 800 MA

L fall time lcon=4A,; : . - - 0.8

lgon = —lgott = 800 mA

Switching times inductive load (see Figs 10 and 13)

ts storage time Icon = 4 A; Igon = 800 mA - 1.6 25 us
t fall time lcon =4 A; Igon = 800 mA - 150 400 ns
Note

1. Measured with a half-sinewave voltage (curve tracer).

MGK674
120
Pttzg% max +50V
100t0200Q
80
horizontal
oscilloscope
40 - vertical
~ | ev[ %008 1Q
30t0 60 Hz ; MOE252
0
0 50 150
Th (°C)
Fig.3 Test circuit for collector-emitter
Fig.2 Power derating curve. sustaining voltage.
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Philips Semiconductors Product specification

Silicon diffused power transistors BUT18F; BUT18AF

I

101

L

BUT18F —
BUT18AF —

P9 ]

10-3

10—‘1 10 102 103 Veg(v) 10¢

Mounted without heatsink compound and 30 15 N force on centre of package.
Tmp <25°C

| - Region of permissible DC operation.

Il - Permissible extension for repetitive pulse operation.

Fig.4 Forward bias SOAR.
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Philips Semiconductors

Product specification

Silicon diffused power transistors

BUT18F; BUT18AF

Fig.6 Oscilloscope display for collector-emitter
sustaining voltage.

Fig.7 Collector-emitter saturation voltage as a
function of base current.

10 MGB866
Zh j-mb
(kW)
§=1
=07 -
——0.
038 —
0.20 ]
.
10-1 0.10 "T711 =
—0.05 =
- 1' ] ‘—'
0.?2 LT l; 4
0.01_| 11171
102 ]
—o —
1073
104 103 102 10! 1 p(6) 102
Fig.5 Transient thermal impedance.
2 MaBsse
M@ T3
VCEsat
™)
MGE239
1
o T 0
min VCEW) 102 10! 1 10
IB(A)
VCEOsust
T| =25°C.
(1) lg=1A.
(2 lc=2A.
3) lg=4A.
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Philips Semiconductors

Product specification
Silicon diffused power transistors BUT18F; BUT18AF
= MGB880
15
102 - MBC097
VBEsat
)
it
h
0] FE VeE=5V
1 / @ § ﬁe |
T 10 fll_1vN
\
05
102 107! T g 1
1 .Y
T;=25°C. 102 107! 1 101, (a) 102
(1) le=4A '
@ lc=2A
@ lg=1A

Vee=5V; Tj=25°C.
Fig.8 Base-emitter saturation voltage as a

function of base current. Fig.9 DC current gain; typical values.

t <30 ns MeB731

90% | — — — 4 F=—=————xx — IBon

L.

10% fz==—1

Vee

0 - D.U,T.l 90% [ ——— 1 —f--—-- - Con
— t -— A 4
P ic
| T MGE244

L— e t

g
i+
Ty
}

Vec =250 Vi tp =20 ps; Viy =610 +8 V; /T = 0.01.

The values of Rg and R, are selected in accordance with Icon and t<20ns.
IBon requirements.

Fig.11 Switching times waveforms with

Fig.10 Test circuit resistive load. resistive load.
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