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ABSTRACT

This project presents the study and comparison the unbalanced characteristics of
the circuit which is the cause of CM-noise appearing in half-bridge and full-bridge
converter. The unbalanced circuit is caused by the unbalanced transmission path and
unbalanced dc source and load terminals. Because of these unbalanced characteristics
will produce the unbalanced voltage at the source and load terminals, Va3#Vp; and
V13#V23, respectively. From these unbalanced voltage we can find CM-noise that is
Vemos= (VastVas) and Vewmen = (V13+V23), respectively. The degree of unbalanced circuits
can be found from Veyer and Vouon. The degree of unbalanced circuits of both half-bridge
and full-bridge converter can be confirmed by the experimental results.
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TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF=5SmA(max.)

Supply current (ICC): 11mA(max.)

Supply voltage (VCC): 10-35V

Output current (I0): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5ps(max.)

Isolation voltage: 2500V ems(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voitage: 630VpK
Highest permissible over voltage: 4000VPK

(Note) When a VDEO0884 approved type Is needed,
please designate the "option (D4)"
Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Schmatic

0 Vge

IF

_)

2+ Vo
VF } 3
3. Vo
GND

A 0.1uF bypass capcitor must be

connected between pin 8 and 5 (See Note 5).

Truth Table

Input On On off
LED off off On

Unit in mm

12204

LA AN

DA E S

LIRET

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1[0

4[]

2[
3[}3

O NN

:N.C.

: Anode

: Cathode
:N.C.

:GND

: Vo (Output)
Vo

:Vee
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Absolute Maximum Ratings (Ta = 25°C)
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Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 Y
Junction temperature Tj 125 °C
“H’peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Py < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
Output voltage (1a=70°C) Vo % v
5 (Ta = 85°C) 24
E (Ta < 70°C) 35
2 | Supply voitage Vee Y
: (Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AV / ATa -0.73 V/°C
Supply voltage derating (Ta 2 70°C) AVee ! ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr ~20~85 °C
Storage temperature range Tstg ~-55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py < 1us, 300pps

Note 2: Exporenential wavefom

Note 3:  Exporenential wavefom, lopH s —1.0A( < 2.5ys), lopi s +1.0A( £ 2.5us)
Note 4:  Itis 2 mm or more from a lead root.

Note 5:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted
together.

Note 6: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 \Y
Supply voltage Vee 15 — 30 [ 20 v
Peak output current lopH/loPL —_ — +0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE -— Ir=10mA K Ta=25°C 1.6 1.8 \Y
Temperature coefficient of _ _ — o
forward voltage AVE /! ATa — lg =10 mA — 2.0 mv/°C
Input reverse current IR — Vg =5V, Ta=25C — 10 PA
Input capacitance Cr — V=0,f=1MHz A Ta =25°C — 45 250 pF
apgm Ig= 10 mA
H” level loPH 3 -0.5 -1.5 —
= Vg_g = 4V
Output current 2{.‘1";3 =30V 88 A
w » lgF=0
L” level lopL 2 Vo5 = 2.5V 0.5 2 —_
wq» Vee1 = +15V, VEgg = -15V _
H” level VoH 4 Ry = 2000, I = 5mA 11 12.8
Output voltage \
wy » Veet = +15V, VEg1 = -15V _ _ _
L” level Vot 5 R| = 2000, Vg = 0.8V 14.2 12.5
Vg = 30V, Ig = 10mA _ 7 _
“H" level IccH SN E
Vee =30V, Ig = 10mA — — 11
Supply current N £ mA
Ve =30V, If = OmA . 75 .
“L" leve! IccL — {Ta=25°C '
Vee =30V, I = OmA — — 11
Threshold input “Output 1 Voot = +15V, VEg1 = 15V
" FLH - » 1.2 A
current L—H Ry = 2000, Vo > OV 5 m
Threshold input “Output [FHL A Veg1 = +15V, VEg1 = -168V 08 " _ v
voltage H—-L" R\ = 200Q, Vg < 0V :
Supply voltage Vece — 10 — 35 \Y
Capacitance c Vg=0,f=1MHz
S — ~ 1.0 20 F
(input-output) Ta =250 P
. . N Vg =500V, Ta=25°C 12 14 _
Resistance(input—output) Rs RH.< 60% 1x10 10 Q

* All typicai values are at Ta = 25°C

(*1): Duration of 1o time < 50us
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max, Unit
cuit
Propagation L—H tpLH - 0.15 0.5
delay time Hol tpHL IF = 8mA (Note 7) —_ 0.15 0.5
6 Veet = +15V, VEg1 = -15V us
Output rise time tr RL = 20002 —_ — —
Output fall time tf —_ — —
Common mode transient - -
immunity at high level Cmh 7 |yemz SO0V, I = Amd -5000 | — — |vrps
output cc ‘
Common mode transient
. : Vcom = 600V, ip = OmA
immunity at low level CmL 7 _ _ apo 5000 — — V/pus
output Voo =30V, Ta=25°C

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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Test Circuit 1 : Test Circuit 2 : IOPL
8
1 E ]8 1 E 3 I
1 b 0 Drew
i I i I
——
!
N if [ 0+ L
777 Hr
Test Circuit 3 : IOPH Test Circuit 4 : VOH
8 8
1 -1 T di In
I l Vee Vees
:’ = 0.1pF [] T 0.1 -
I :I_J ,Ve-s I X R
& | V
lopH OH
r7;

o]

Test Circuit 5 : VoL

1
—L
L

(]

VF

| R A
———9 et
=}
=
M

II:TL.
—
&

e

| Veo

f VEE1
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Test Circuit 6: tpLH, tpHL, tr tr
i .8,
T
[ 0.1pF Veer
0 Pt
R GND
:]_ VoL 80%
1000 (j J“"
VEE1

Test Circuit 7. Cpn, CML

o]

’
sw

=

T J

1
—1

T

Vem
_) o
/=
600V
T 90%
Vem 0% gy
mad i |} Rt () DL~ CM=4?0(V)
SW :A([g=8mA) r (ps)
\f CmH Cmt = fgpﬂ
Vo /\__ 3V — 26V f (us)
ChL
SW :B(lg=0)

CML(CMmH) is the maximum rate of rise (fall) of the common mode voitage that can be sustained with the output
voltage in the low (high) state.
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RESTRICTIONS ON PRODUCT USE

+ The information contained herein is subject to change without notice.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

+ TOSHIBA is continuatly working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malffunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth ir. the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

+ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage inciude
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer’'s own risk.

+ The products described in this document are subject to the foreign exchange and foreign trade laws.

+ TOSHIBA products should not be embedded to the downstream products which are prohibited 1o be produced and sold, under
any iaw and reguiations.

+ GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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HCC/HCF4098B

DUAL MONOSTABLE MULTIVIBRATOR

» RETRIGGERABLE/RESETTABLE CAPABILITY

= TRIGGER AND RESET PROPAGATION DE-
LAYS INDEPENDENT OF Ry, Cx

= TRIGGERING FROM LEADING OR TRAILING
EDGE _

« Q AND Q BUFFERED OUTPUTS AVAILABLE

» SEPARATE RESETS

=« WIDE RANGE OF OUTPUT-PULSE WIDTHS

= QUIESCENT CURRENT SPECIFIED TO 20V
FOR HCC DEVICE

« 5V, 10V, AND 15V PARAMETRIC RATINGS

= INPUT CURRENT OF 100nA- AT 18V AND
25°C FOR HCC DEVICE

= 100% TESTED FOR QUIESCENT CURRENT

« MEETS ALL REQUIREMENTS OF JEDEC TEN-
TATIVE STANDARD ‘N° 13A, "STANDARD
SPECIFICATIONS FOR DESCRIPTION OF "B"
SERIES CMOS DEVICES”

DESCRIPTION

The HCC4098B (extended temperature range) and
HCF4098B (intermediate temperature range) are
monolithic integrated circuit, available in 16-lead
dual in-line dual in-line plastic or ceramic package
and plastic micropackage. The HCC/HCF4093B
dual monostable multivibrator provides stable retrig-
gerable/resettable one-shot operation for any fixed-
voltage timing application. An external resistor (Rx)
and an external capacitor (Cx) control the timing for
the circuit. Adiustment of Rx and Cx provides a wide
range of output pulse widths from the Q and Q ter-
minals. The time delay from trigger input to output
transition (trigger propagation delay) and the time
delay from reset input to output transition (reset pro-
pagation delay) are independent of Rx and Cx.
Leading-edge-triggering (+ TR) and trailing-edge-
triggering (= TR) inputs are provided for triggering
from either edge of an input pulse. An unused + TR
input should be tied to Vss. An unused — TR input
should be tied to Vpop. ARESET (on low level) is pro-
vided for immediate termination of the output pulse
or to prevent output pulses when poweris turned on.
Anunused RESET input should be tied to Vpp. How-
ever, if an entire section of the 4098B is not used,
its RESET should be tied to Vss. See table I. In nor-
mal operation the circuit triggers (extends the output

June 1989

i

EY

(Plastic Package) (Ceramic Frit Seal Package)

F

- &

M1

(Micro Package) (Plastic Chip Carrier)

ORDER CODES :

C1

HCC4098BF HCF4098BM1
HCF4098BEY  HCF4098BC1

PIN CONNECTIONS

RyCy (1) 2
RESET (1) 3
TR &
SR 8
o1 8
a1 7
Vsg 8

S-1600

15

4

Voo
Cxz

Ry Cx(®

13 RESET (2)

12

Wl

10

+TR (D)
-TR (2)

114
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pulse one period) on the applcation of each new
trigger putse. For operation in the non-triggerable
mode, Q is connected to ~TR when leading-edge
triggering (+ TR) is used or Q is connected to + TR
when frailing-edge triggering (~ TR)is used. The time
period (T) for this muttivibrator can be approximated
by Tx =12Rx Cx forCx =0.01 pF. Time periods as
a function of Rx forvalues of Cx and Vpp are given in
fig. 8. Values of T vary from unit to unit and as a func-
tion ofvoltage, temperature, and Rx Cx. The minimum
value of extemal resistance, Ry, is 5 kQ. The maxi-

mum value of external capacitance, Cx, is 100uF.
Fig.9 shows time periods as a function of Cx forvalues
of Rx and Vpp. The output pulse width has vari-
ations of £2.5 % typically, over the temperature range
of - 55°C to 125° C for Cx = 1000pF and Rx =100
kQ. For power supply variations of £ 5%, the output
pulse width has variations of +0.5% typically, forVop
=10V and 15V and * 1% typically, for Vop = 5 V at
Cx = 1000 pF and Rx = 5kQ.

FUNCTIONAL DIAGRAM
Rm v R
L —»"0D
: RyCx (1)
+1R r—lﬁ—- at
-TR MONG 1 '
RESEY o
‘R az
-~ wowo 2 X
peser —19) 6z
Wy cyin
Vop=18 v,
Vss =8 H sz e
$-2170
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vop* | Supply Voltage :HCC Types ~05t0+20 \
HCF Types ~05t0+ 18 \Y)
Vv, Input Voltage ~0.51to Vpp + 0.5 V
h DC input Current (any one input) +10 mA
Piot Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for To, = Full Package-temperature Range 100 mw
Top Operating Temperature : HCC Types - 55t0+ 125 °C
HCF Types ~40to+ 85 °C
Tsig Storage Temperature - 65 to+ 150 °C

Stresses abowe thosa listed under "Absolute Maximum Ratings” may cause permanent damzge to the device. This is a stress raling only
and functiona operation of the device at these or any other condtions abowe those indicated in the operdional sections of this specification
is not implied. Exposure to absdute maximum rating conditions for external periods may affect device reliability.

* All voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3t018 Vv
HCF Types 3to 15 \')
Vi Input Voltage 0 to Vpp \Y
Top Operating Temperature : HCC Types - 55t0+ 125 °C
HCF Types ~40to+ 85 °C
2/14
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HCC/HCF4098B
LOGIC DIAGRAMS
o
1
‘S:l—'ss ﬂ }_-4——'3"&:,_
— ug
0
T — 1
....... > 4 o]
o4 p= TN L
E k -0 @
r"sa g g
S ALL INPUTS ARE PROTECTED BY QOSMOS PROTECTION METWORN s-2n
Table 1 : Functional Terminal Connections.
Terminal Connections Other
Function to Vpp to Vss input Pulse to Connections
Mono | Mono Mono Mono Mono Mono | Mono | Mono
(1) (2) (1) {2) (N (2) (1) (2)
Leading - Edge
Trigger/Retriggerable 3.5 $1.13 p 2
Leading - Edge
Trigger/Non - retriggerable 4 't 4 ¥ & 11.9
Trailing - Edge
Trigger/Retriggerable 2 4 ) 12 ; 1
Trailing - Edge
Trigger/Non - retriggerable g 3 P {¢ . 12,10
Unused Section 5 11 3,4 12,13
Notes : 1. A Refriggerable one-shot multivibrator has an output pulse width which is extended one full time period (Tx) after application of the
lasttrigger pulse.

2. A non-refriggerable one-shot multivibrator has a time period Tx referenced from the application of the first trigger pulse.

INPUT PULSE TRAIN ””””
RETRIGGERABLE MODE PULSE l'——_"_
WIDTH (+TR MODE} T

lo——% o]

NON RETRIGGERABLE MODE PULSE
WIDTH (+TR MODE} T

5-2172

314

o7 e



HCC/HCF4098B

46

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter \"A Vo o] | VoD TLow 25°C T high® Unit
M) A YY) Tuin. [Max. | Min. [ Typ. [ Max. | Min, | Max.
e Quiescent 0/5 5 1 0.02 1 30
Current | ~c [0/10 10 2 002] 2 60
Types | 0/15 15 0.02| 4 120
0/20 20 20 0.04 | 20 600 | WA
05 5 4 002| 4 30
"-F‘Spias 0/10 10 8 002| 8 60
0/15 15 16 002 [ 16 120
Vou | Output High 0/5 <1{ 5 [495 4.95 4.95
Voltage 0/10 <1{ 10 [ 995 9.95 9.95 v
0/15 <1 ] 15 [14.95 14.95 14.95
VoL Output Low 5/0 <1 5 0.05 0.05 0.05
Voltage 10/0 <110 0.05 0.05 005| V
15/0 <1 | 15 0.05 0.05 0.05
Vin | Input High 0545|<1| 5 | 35 3.5 3.5
Voltage 1719 |<1]10] 7 7 7 v
15135| <1 { 15 | 11 11 11
Vi. | Input Low 45/05|<1| 5 1.5 15 1.5
Voltage o1 [<1] 10 3 3 3 v
13.51.5| <1 | 15 4 4 4
low | Output 05| 25 5 | -2 ~-16|-32 - 1.15
g[j‘r/;m Hee lors| 46 5 |- 064 - 051 -1 - 0.36
Types|or10| 9.5 10 [- 1.6 -13|-26 -09
0/15| 135 15 |- 4.2 ~34|(-638 -24 A
/5| 25 5 |- 1.53 - 1,36~ 3.2 -1
HCFE |0/5( 48 5 |- 052 - 0.44] -1 - 0.36
Types|o/10| 9.5 10 [-13 -14|-26 -09
0/15| 135 15 |- 3.6 -30[-68 -24
lo. | Output 05| 04 5 [0.64 051 | 1 0.36
Sink HCC o0l o5 10 | 16 1.3 | 26 0.9
Current Types
0115 15 15 | 4.2 34 | 6.8 2.4 oA
/5| 04 5 |0.52 044 | 1 0.36
';)?p';s 00| 05 10 | 1.3 11 | 2.6 0.9
0115| 15 15 | 36 30 | 6.8 2.4
I, T | Input HCC o8 18 +0.1 £1075[ £ 0.1 +1
éi?—f:ﬁe L’ép:s' Any Input HA
Types 0/15 15 +0.3 +10°%(2 03 1
(of Input Capacitance Any Input 5 7.5 pF

* Tiow = - 55°C for HCC device : — 40°C for HCF device.
* Tugh = + 125°C for HCC device : + 85°C for HCF device.
The Noise Margin for both "1” and "0” level is : 1V min. with Vop = 5V, 2V min. with Vop =10V, 2.5 V min. with Vop = 15V.

414
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HCC/HCF4098B

DYNAMIC ELECTRICAL CHARACTERISTICS (T.mp, = 25°C, C = 50pF, R_ = 200k,
typical temperature coefficient for all Vpp values is 0.3%/°C, all input rise and fall times = 20ns)

Test Conditions Value
Symbol Parameter Rx (kQ) Cx (°F) Voo )| Min. | Typ. | Max. Unit
teLH, tpue| Trigger Propagation Delay Time 5 250 | 500
(+TR,-TRto Q, Q) 50 10.000| =215 10 125 | 250 | ns
16 100 | 200
twn, twr | Trigger Pulse Width 5 140 70
5 to 10.000 > 15 10 60 30 ns
15 40 20
tTLH Transition Time 5 100 200
5 to 10.000 215 10 50 100
15 40 80
trHL Transition Time 5 100 200
5 to 10.000 |15 to 10.000{ 10 50 100
15 40 80 ns
5 150 | 300
5 to 10.000 tg-g?f:': 10 75 | 150
15 65 130
5 250 | 500
5 to 10.000 t‘;‘&'; 10 150 | 300
15 80 160
teLn, tpuL| Propagation Delay Time (reset) 5 225 450
5 to 10.000 215 10 125 | 250 ns
15 75 150
twR Pulse Width (reset) 5 200 100
15 10 80 40
15 60 30
5 1200 | 600 ns
100 1000 10 600 | 300
15 500 | 250
5 50 250
0.1uF 10 30 15 us
15 20 10
tr, tr (TR)| Rise or Fall Time (trigger) 5t0 15 100 us
Pulse Width Match Between 5 5 10
Circuits in Same Package 10 10.000 10 75 15 %,
15 7.5 15
K57 ST
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Figure 2 : Typical Output Low (sink) Current Charac-

teristics.
1 6-23M
oL [ 11
) Tamb=25°C Vos =15V _
24
’4
/
20
/'
N / A
”
. y.
. [T
) L
i |
[ 2T &« 8 & W on Ypstv)

Figure 4 : Typical Output High (source) Curmrent Char-

acteristics.
£6-2138
[
| 1]
-lon Vo5 = -5V
vt 65 = -
© A N
N\
N
A
= -10¥
20 =
P,
I
Tamb *25°C [t 3Y
30
[ 11 ]
0 5 1 ~ps (¥}

Figure 6 : Typical Propagation Delay Times vs. Load
Capacitance, Trigger in to Q out. (All
values of Cx and Rx).

w2387
tou
et [Tamb= 26°C
{ns) Voo = 5V, 4=
290 e ma
%0
¥
2o
- 15y
P~
]
| |
[} 0 &0 % 2 C pF?

6114 Lyy 85s.THOMSON

Figure 3 : Minimum Output Low (sink) Current Char-

acteristics.
. -2337
toL LI
mA Tambs 25°C
Ygg =
12
A
10
[ ] I' AV
6 v /,‘ -
/
& I,
2 Y
AT A L
| 2dl NN i
0 7 4 8 B W 12 Vs

Figure 5 : Minimum Output High (source) Curent

Characteristics.
Py 0-13!_!__1
“on vi.-sv
(mA) =3
5
N
-y
-
[l — SOV
1 N\
\\
h
Tamb =25°C =TT
15
{1 N
0 5 o -vps (V)

Figure 7 : Transition Time vs. Load Capacitance for
Rx = 5kQ, 10000 k2 and Cx = 15pF,

10000pF.
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tren 1T
'THL T, .
(ns)
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A
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=
40 = 15V
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HCC/HCF4098B

Figure 8 : Typical Extemal Resistance vs. Pulse

Width at Various Vpp and Cx.
[ 1]
Ry
) Pfhers = 3
- T c;” RE. mﬁ; 1T
10°
wl
—
L JA
©° Eg ;
1 %
o] :.'N,
0 VBV

v 1 o ©o ¥ 0 PW (um)

Figure 10 ; Typical Minimum Reset Puke Width vs.
Extemal Capacitance.

g 9-7340
::’R ] T HT
il Tambh=25°C
S jcuxsopF
Rl-‘DOhn o
10t 1" = 100kHz
M = 1,2( = 2008 é
»
’ WoeSLH
il
w0, =
&
10!
= }
2 14
1 4 sl L) [ R [}
° © ' ®°  Cx P

Figure 9 : Typical External Capacitance vs.Pulse
Width at Various Vop and Rx,

o N 8-2359
Yamp = 28°Ct ]
(pF) T
e e
vm.sv ]
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Figure 11 : Average Power Dissipation for 100% Duty Cycle vs. One-shot Pulse width.

"o 0-2588
amb e
G Ay =Skl TO n vw:
C = 50pF,
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- 0.
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»*
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E =
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To calculate average power dissipation
(P) for less than 100% duty cycle :
P100 = average power for 100% duty cycle

=( %’T"-] P100 where 1, = one-sha pulse width
Tr = trigger puise period
e.g.: Fortm .~ 600ms T = 1000ms,
CX=0.01uF,V__ =5V
oD
-{ 600 = 'y
(see dotted line on graph)

=073
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TEST CIRCUITS

Figure 12 : Quiescent -Device Current.

Figure 13 : Input-Voltage.

INPUTS
=l—
Vop e |
]
o]
vss =
]

NOTE:MEASURE INPUTS

SEQUENTIALLY TO BOTH
Ypp AND Vgs. CONNECT
ALL UNUSED INPUYS TO
EITHER Vpp OR Vg

5-1884/72

Vsg

Yoo
! %
¥
& INPUTS I
o !
Vsg INPUTS UTPUTS
Yin N | »
o\-—» 4—-1 P> @
-]
viv ] — -
o NoTE
TEST ANnY COMBINATION
OF INPUTS 5,
Vg S5 $-2079/4
s-19921
Figure 14 : Input Leakage.
VoD

8/14
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HCC/HCF4098B
TYPICAL APPLICATIONS
Figure 15 : Astable Multivibrator with Restart after Reset Capability.
Tx
Rx o o(Avg) (T1 + T2) Voo
10kQ 1mA 3.8us
d \) 5V
0.05mA 0.5s
2.5mA 3.2us
1 \ 10V
0.5mA 0.5s
5TA 3iLS
15V
* 10MQ | ma 0.5s
H H Notes : All values are typical
* o’zciﬁ:iu::;‘rmmvymﬁsn 2 T 74 Cx range : 0.0001pF to 0. 1uF.
SUFPLY VOLTAGE HAS REACHED [j:i )
ITs vpp LEVEL oo - -
£-2974

Figure 16 : Pulse Delay.

Vi

_Es MONO 1 Ves—{12 MONO 2
Voo 3 Voo—13

T w Ry Cx
INPUT PULSE r s
Ty Je T2 o 2
N,
OUTPUT PULSE 2
Cx 3 0.01uF

Yop
! In
[ Rx1 Sz %2
2 e 14
n ouTPUT
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DIM. mm inch
MIN. TYP. MAX. MIN. WH MAX.
at 0.51 0.020
B 0.77 1.65 0.030 0.065
b 0.5 0.020
b1 0.25 0.010
D 720 0.787
E 8.5 0.335
e 2.54 0.100
e3 17.78 0.700
F 71 0.280
I 5.1 0.201
L 3.3 0.130
Z 1.27 0.050

[1 1

P001C

10/14
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HCC/HCF4098B

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 20 0.787
B T 0.276

D 3.3 0.130

E 0.38 0.015

e3 17.78 0.700
F 2.29 2.79 0.090 0.110
G 0.4 0.55 0.016 0.022
H 117 1.62 0.046 0.060
L 0.22 0.31 0.009 0.012
M 0.51 1&7 0.020 0.050
N 10.3 0.406
P 7.8 8.05 0,307 0.317
Q 5.08 0.200

P
L
M
N
P053D
1114
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HCC/HCF4098B

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.756 0.068
al 0.1 0.2 0.004 0.007
a2 1.65 0.064
b 0.35 0.46 0.013 0.018
b1 0.19 0.25 0.007 0.010
Cc 05 0.019
&1 45° (typ.)
D 9.8 10 0.385 0.393
E 5.8 6.2 0.228 0.244
e T2P 0.050
el 8.89 0.350
F 38 4.0 0.149 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.019 0.050
M 0.62 0.024
S 8°(max.)

PO13H

12114 "7 SGS-THOMSON
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HCC/HCF4098B

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 9.78 10.03 0.385 0.395
B 8.89 9.04 0.350 0.356
D 4.2 4.57 0.165 0.180
d1 2.54 0.100
d2 0.56 0.022
E 7.37 8.38 0.290 0.330
e 27T ; 0.050
e3 5.08 0.200
0.38 | 70.01 5
0.101 0.004
M 1.27 | 0.050
M1 1.14 0.045
B i M
M
=
[253] 6 (satrg P Copiriy) D
—— PO27A

13114
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HCC/HCF4098B

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsabillity for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may resuits from its use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized foruse ascritical components in life supportdevices or systems without express
written approval of SGS-THOMSON Microelectonics.

© 1994 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectronics GROUP OF COMPANIES
Australia - Brazil - France - Germany - Hong Kong - ltaly - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A
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PD-9.512B

IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated
® |solated Central Mounting Hole

® Fast Switching
® Ease of Paralleling
® Simple Drive Requirements

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

VDSS = 500V

RDS(O“) = 027Q
lp = 20A

on-resistance and cost-effectiveness,

The TO-247 package is preferred for commercial-Hindustrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc=25°C | Continuous Drain Curent, Vgs @ 10V 20
Ip @ T¢ = 100°C | Continuous Drain Current, Vas @ 10V 13 A
lom Pulsed Drain Cumrent © 80
Pp @ Tc =25°C | Power Dissipation 280 w
Linear Derating Factor 22 WG
Ves Gate-to-Source Vollage +20 V
Eas Single Pulse Avalanche Energy @ 960 mJ
lan Avalanche Cument © 20 A
Ean Repetitive Avalanche Energy © 28 - mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
Te Operating Junction and -55 10 +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Iblsin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max, Units
Ruc Junction-to-Case — — 0.45
| Rocs Case-t0-Sink, Flat, Greased Surface — 0.24 - °C/W
Raua Junction-to-Ambient — — 40

1025
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 500 — — V 1 Vas=0V, lo= 250pA
AVsripss/AT.| Breakdown Voltage Temp. Coefficient — 1063 | — | VIPC |Reference to 25°C, Ip= TmA
Rbsen) Static Drain-to-Source On-Resistance - — | 027 Q | Ves=10V, p=12A @
Vasan) Gate Threshold Voltage 20 [ — | 40 | V |Vps=Vas, lo= 250pA
Ots Forward Transconductance 13 — — S {Vps=50V, Ip=12A @
loss Drain-to-Source Leakage Current : : 22550 HA \\;::igg\\i: xz::g\\;, To25C
lass Gate-to-Source Forward Leakage — — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vag=-20V
Qg Total Gate Charge = — | 210 Io=20A
Qgs Gate-to-Source Charge — | — { 29 | nC |Vpg=400V
Qgy Gate-to-Drain ("Miller") Charge — — | 110 Vas=10V See Fig. 6 and 13®
td(on) Tum-On Delay Time — 18 — Von=250V
tr Rise Time — 59 — ns Ip=20A
td(ott) Tum-Off Delay Time — | 110 — Rg=4.3Q
4 Fall Time — 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance — [ 580 | — geme?g ;5?: ) %
nH | from package ‘,Q
Ls internal Source Inductance — | 13 | — and center of
die contact s
Ciss Input Capacitance — 4200! — Vas=0V
Coss Output Capacitance — 870 | — [ pF |Vpg=25v
Crss Reverse Transfer Capacitance — 380 — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current e = ) 20 MOSFET symbol b
(Body Diode) A showing the
lsm Pulsed Source Current - il 80 integral reverse G@
(Body Diode) ® p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V | Ts=25°C, 1s=20A, Vas=0V @
ter Reverse Recovery Time — | 570 | 860 ns | Ty=25°C, ¢=20A
Qy Reverse Recovery Charge — | 57 | 86 | uC |di/dt=100A/us ®
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Lg+Lp)
Notes:
® Repetitive rating; pulse width limited by @ 15ps20A, dildt<160A/us, VoDSV(BR)DSS,
max. junction temperature (See Figure 11) Tus150°C
@ Vpp=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle £2%.

RG=25Q, IaAs=20A (See Figure 12)

1026
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

IRFP460

1or b
oy =
70 -
L -
Blov
ToM__4.mv)

10!

20us PULSE WIDTH
Te = 250C
100

100 10!
Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,
Tc=25°C

- 1509¢ /

10!

o
=
-
-

-
¥

= Vps = SOV
20us PULSE WIDTH
? g 10

Vgs, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Ip, Drain Current (Amps)

Drain-to-Source On Resistance
(Normalized)

Rps(on).

vas
) vl
210V
Loy o —
.. av|
8. 89
8.ov
“lilgh 4.8V
104
10 4.5V

/ 3
r
20us-PULSE WIOTH
o Te = 1509C
1
109 104

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,
Te=150°C

3.5
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1.0

0.5

% VES = 10V
=80 -40 -20 0 20 40 60 80 100 120 140 160
Ty, Junction Temperature (°C)

Fig 4. Normalized On-Resistance
Vs. Temperature
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10000

Crss

Vas = OV,
Cies = Cgs + Cga Cus SHORTED
gd

8000 Coss = Cds + Cgg

f = 1MHz

N

~

™~

6000

/

~N

Capacitance (pF)

-

e

0

]

100

10!

Vps. Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
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Ip, Drain Current (Amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outiine Mechanical Drawing ~ See page 1511

Appendix C: Part Marking Information ~ See page 1517 lntemational
Rectifier
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SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS

WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

I
Convert TTL Voltage Levels to MOS Levels
High Sink-Current Capability
Input Clamping Diodes Simplify System
Design
Open-Collector Driver for Indicator Lamps
and Relays

Inputs Fully Compatible With Most TTL
Circuits

description/ordering information

These TTL hex buffers/drivers feature
high-voltage open-collector outputs for interfacing
with high-level circuits (such as MOS) or for
driving high-current loads (such as lamps or
relays) and also are characterized for use as
buffers for driving TTL inputs. The SN5407 and
SN7407 have minimum breakdown voltages of
30V, and the SN5417 and SN7417 have
minimum breakdown voltages of 15 V. The
maximum sink current is 30 mA for the SN5407
and SN5417 and 40 mA for the SN7407 and
SN7417.

These devices perform the Boolean function
Y = A in positive logic.

SDLS032G - DECEMBER 1983 - REVISED MAY 2004

SN5407, SN5417 ... J OR W PACKAGE
SN7407, SN7417...D, N, OR NS PACKAGE

(TOP VIEW)
1A {1 U14]VCC
1y []2 13]] 6A
2A1]3 12[] 8Y
2y |4 11[] sA
3afls 10[] 5Y
3y [ls 9]] 4A

GNDI[}7 8] 4y

SN5407 ... FK PACKAGE

(TOP VIEW)
O Q

TIPS

| W N S — -

32 12019
2A 54 18(] 6Y
NC [Is 170 NC
2Y e 16[] 5A
NC[]7 15[} NC
3Aafls 14[] 5Y

9 10 11 12 13

| ¥ o ¥ o 1 o oo |

& % S

NC - No internal connection

ORDERING INFORMATION

T PACKAGET a7 i ] Tariie
Tube SN7407D
Tape and reel | SN7407DR [’
RO e SN7417D
. 3 Tape and reel SN7417DR 4}/
0°C toIQ R SN7407N SN7407N
FDIF Ty A Tube SN7417N SN7417N
SN7407NSR SN7407
SOP - NS | Tape and reel SN7417NSR SN7417
SNJ5407J SNJ5407J
] . CDIP-J ] Tube SNJ5417J SNJ5417J
TS¥C0125C e W | Tube SNJ5407W SNJ5407W
LCCC - FK | Tube SNJ5407FK SNJ5407FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB

design guidelines are available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA Information is current as of

blication date.

Products conform to specifications per the terms of Texas Instruments

testing of al parameters.

does not

fly inciude

“."’ TEXAS

Copyright © 2004, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS032G - DECEMBER 1983 ~ REVISED MAY 2004

description/ordering information (continued)

These circuits are completely compatible with most TTL families. Inputs are diode clamped to minimize
transmission-line effects, which simplifies design. Typical power dissipation is 145 mW, and average
propagation delay time is 14 ns.

logic diagram, each buffer/driver (positive logic)

A [ Y

L

schematic

Vce

Input A

Output Y

b

Resistor values shown are nominal.

GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

SUPPlY VORBGE, VoG vttt et e e e e e e 7V
Input voltage, Vi (SEe NOtE 1) . i i it e e e e e 55V
Output voltage, Vo (see Notes 1 and 2): SN5407, SN7407 .. ... i i 30V
SNBA17, SN7A1T i 15V

Package thermal impedance, 6ja (see Note 3): Dpackage .............cooiiiiiiiiiineeann., 86°C/W
Npackage ...........ciiiiii i, 80°C/W

NSpackage ..........ciiiiiionnnanniiinnnns. 76°C/W

Storage temperature range, Tgtg « .« vuerrt ittt i -65°C to 150°C

t Stresses beyond those hsted under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabitity.

NOTES: 1. Allvoltage values are with respect to GND.

2. This is the maximum voltage that should be applied to any output when it is in the off state.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

‘V Texas
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

recommended operating conditions (see Note 4)

SDLS032G - DECEMBER 1983 ~ REVISED MAY 2004
A—

MIN NOM MAX | UNIT
SN5407, SN5417 45 5 5.5
Vee  Supply voltage SN7407, SN7417 | 4.75 5 525|
ViH  High-level input voltage 2 \
Vi Low-level input voltage 0.8 \
) SN5407, SN7407 30
VpoH High-levet output voltage SN5417, SN7417 15 \"
SN5407, SN5417 30
loL Low-level output current SN7407, SNT417 20 mA
SN5407, SN5417 -55 125
TA Operating free-air temperature °C
SN7407, SN7417 0 70

NOTE 4: Ali unused inputs of the device must be held at Vo or GND to ensure proper device operation. Refer to the T! application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPf MAX| UNIT
ViK Vee = MIN, I|=-12 mA -1.5 \
| g 4 ¥ % VoH = 30 V (SN5407, SN7407) 0.25
OH CC g g VoH = 15 V (SN5417, SN7417) 025| ™
loL=16 mA 0.4
VoL Vee = MIN, ViL=08V loL = 30 mA (SN5407, SN5417) 0.7 \Y
loL = 40 mA (SN7407, SN7417) 0.7
I Vee = MAX, V|=55V 1] ma
IIH Ve = MAX, ViH=24V 40 A
fiL Vce = MAX, ViIL=04V -1.6] mA
lccH Ve = MAX 29 41 mA
lcoL Vee = MAX 21 30 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Voo = 6V, Ta = 25°C.
switching characteristics, Voo = 5 V, Ta = 25°C (see Figure 1)
FROM TO
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX | UNIT
tPLH 6 10
=110¢ =15 pF
p— A Y RL 0Q CpL=15p 20 0 ns
§ 15
PLH A Y R =150Q, Ci =50pF ns
tPHL 26
‘Ui TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS

66

WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS032G ~ DECEMBER 1983 - REVISED MAY 2004
= —

PARAMETER MEASUREMENT INFORMATION

From Output
Under Test

High-Level
Pulse 1 15V 15V
et |
T =2
Low-Level |
Pulse 1.5V 15V
VOLTAGE WAVEFORMS
PULSE WIDTHS

NOTES: A. Ci includes probe and jig capacitance.

Vee
RL
O Test Point
CL
T (see Note A)
LOAD CIRCUIT
—————— 3v
Input 1.5V 1.5V
I ov

!
tpLH H (> teHL

|
—— VOH
In-Phase f
Output | 1.5V : 15V VoL
tpHL —j¢—P 14——“"’}* tPLH

| | VoH
1.5V 1.5V
——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

Out-of-Phase
Output

In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zo = 50 ), ty <7 ns, t< 7 ns.

oow

The outputs are measured one at a time, with one input transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms

*ﬂ‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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P PACKAGE OPTION ADDENDUM
INSTRUMENTS
www.t.com 28-Feb-2005
PACKAGING INFORMATION
Orderable Device status " Package Package Pins Package Eco Plan‘® Lead/Ball Finish MSL Peak Temp
Type Drawing Qty
JM38510/00803BCA ACTIVE CDIP J 14 1 None Call Tl Level-NC-NC-NC
JM38510/00803BDA ACTIVE CFP w 14 1 None Call Ti Level-NC-NC-NC
SN5407J ACTIVE CDIP J 14 1 None Call Tt Level-NC-NC-NC
SN5417J ACTIVE cDIP J 14 1 None Call Ti Level-NC-NC-NC
SN7407D ACTIVE SOIC D 14 50 Pb-Free CU NIPDAU  Level-2-260C-1 YEA™Y
{RoHS) Level-1-235C-UNLIM
SN7407DR ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SN7407J OBSOLETE CDIP J 14 None Call Tl Call Tl
SN7407N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)
SN7407N3 OBSOLETE PDIP N 14 None Call TI Call Tl
SN7407NSR ACTIVE SO NS 14 2000 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SN7417D ACTIVE SOIC D 14 50 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SN7417DR ACTIVE SOIC D 14 2500 Pb-Free CU NIPDAU Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SN7417N ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
(RoHS)
SN7417N3 OBSOLETE PDIP N 14 None Call Tl Call Tt
SN7417NSR ACTIVE SO NS 14 2000 Pb-Free CU NIPDAU  Level-2-260C-1 YEAR
(RoHS) Level-1-235C-UNLIM
SNJ5407FK ACTIVE LCCC FK 20 1 None Call Tl Level-NC-NC-NC
SNJ5407J ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC
SNJS407W ACTIVE CFP W 14 1 None Call TI Level-NC-NC-NC
SNJ5417J ACTIVE cDIP J 14 1 None Call Tl Level-NC-NC-NC

) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Ti has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sh/Br): Ti defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. T! has taken and continues io take

Addendum-Page 1
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TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS
v com 28-Feb-2005

reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl
to Customer on an annual basis.

Addendum-Page 2
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN
PINS #*
DM 14 16 18 20
——— 85— Ged | G | s | 0D
1 8 BSC BSC BSC BSC
7 . . .
Lonann 8 A | (1o | (1.54) | (2450) | (252)

) I BMN | — | — | — | —
}

0.300 | 0.300 | 0.310 | 0.300

SEVIVAVAVEVEY, C MAX (7.62) | (7.62) | (7.87) | (7.62)
7

0.245 | 0.245 | 0220 | 0.245

1»‘
0.065 (1,65 C MN
Soid T (6,22) | (6,22) | (559) | (6.22)

0.060 (1,52)
—»{ |¢— 0.005 (0,13) MIN 3.015 (0.38) ‘4— —b]

— 0.200 (5,08) MAX
— ¢ Seating Plane

f 0.130 (3,30) MIN

_’l L_ 0.026 (0,66 I
0.014 o 36 — 015
0.100 (2 54) 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

All lingar dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package is hermetically sealed with a ceramic lid using glass frit.

Index point is provided on cap for terminal identificotion only on press ceramic gloss frit seal only.

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.

NOTES:

Mmoo
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MECHANICAL DATA

W (R—GDFP—F14)

CERAMIC DUAL FLATPACK

0.260 (6,60)

Base and Seating Piane

0.045 (1,14) — —>
0.235 (5,97
l‘ 0.026 (oe ) 235 (587)
! 3
. = 0.006 (0,15 —_T
L 0.080 (2,03 0.004 (0,10
0.045 (1,14
[—— 0.280 (7,11) MAX ———>|
0.019 (0,48)
1 & l 0.015 (0,38)
y \ =4
L i [ ] —f
{ 1 ] ]
0.050 (1,27)
i | i ]
0.390 (991) | I .
0.335 (8,51
[ | | ]
| | , 0.005 (0,13) MIN
4 Places
[ ] | ] _{
7 8
0.360 (9,14 0.360 (9,14
0.250 %6,35) 0.250 %6.35)
4040180-2/D 07/03
NOTES: All finear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Index point is provided on cap for terminal identification only.
Falls within MIL STD 1835 GDFP1-F14 ond JEDEC MO-092AB

A
B.
C. This package can be hermetically sealed with a ceramic lid using gloss frit.
D
E

¥
INSTRUMENTS

www.ti.com
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MECHANICAL DATA

MLCC006B - OCTOBER 1996

FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
NO. OF A B
\ 18 17 16 15 14 13 12 TERMINALS
K " MIN MAX MIN MAX
a N
19 " 20 0.342 | 0358 | 0.307 | 0.358
(8,69) (9,09) (7,80) (9,09)
20 10 08 0442 | 0458 | 0406 | 0.458
a1 . (11,23) | (11,63) | (10,31) | (11,63)
Bsa ad 0.640 | 0.660 | 0495 | 0.560
22 8 (16,26) | (16,76) | (12,58) | (14,22)
ASQ
23 7 ™ 0738 | 0761 | 0495 | 0.560
(18,78) | (19,32) | (12.58) | (14,22)
24 \ o5 0938 | 0962 | 0850 | 0.858
25 \ (23.83) | (24,43) | (21.6) | (21.8)
o J 1.141 1.165 | 1.047 1.063

y N~ U % (28,99) | (29,59) | (26.,6) | (27,0)

0.020 (0,51) 0.080 (2,03)
0.010 (0,25) "1 ' I l ; 0.064 (1,63)
f 0.020 (0,51) -
0.010(0,25)
[
o
N
W
0.055 (1,40) B
0.045 (1,14) 0.045 (1.14)
2 [ 0.035 (0,89)
N
0.028 (0,71) _’l 11* | | 0.045(1,14)
0.022 (0,54) 0.035 (0,89)
0.050 (1,27)
4040140/D 10/96
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing Is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004

Q’ TeExXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL DATA
N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
PINS **
A DM 14 16 18 20
16 9
Dt e A K| (Gag5) | (1a89) | (2537 | (2692)
0.745 | 0.745 | 0.850 | 0.940
D) %276% A MN - (1892) | (18.92) | (21,59) | (23.88)
‘gt i s B wapgen g o g & VXI?I;\?%N AA BB AC AD

P

e
0.070 (1,78)
0.045 (1,14 A

0.045 (1,14 0.325 (8,26
’47—%—);0‘030 570 A 0.020 (0,51) MIN ‘_E_%o.soo =52

I \ F 0.015 (0,38)
Il 1 -—
111 0.200 (5,08) MAX - Gauge Plane
\. | | TR 2 l Seating Plane |
! | T 0.125 (3,18) MIN 0.010 (0,25) NOM

0.100 (2,54)

,J 0.430 (10,92) MAX L—

0.021 (0,53)
14 5015 (0.38)

[9]0.010 (0,25)®]

)

A~ 14/18 Pin Only A

= 20 Pin vendor option

4040049/E  12,/2002

NOTES: A, All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

/O\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end lead shoulder width is a vendor option, either half or full width.

TEXAS
INSTRUMENTS

www.ti.com
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MECHANICAL DATA

D (R—PDSO-G14)

PLASTIC SMALL—OUTLINE PACKAGE

Pin 1

/

Index Areq

0.344 (8,75)

0.337 (8,55)

iR EEE:

0.244 (6,20)
0.228 (5,80)

EER R
L—-lm»”«%ﬁfﬁé’?l’

0.010 (0,25) @

h 4

l
{
!

L 0.069 (1,75) Max

0.010 (0,25)
0.007 {0,17) 1

___Ji

1

J

0.010 (0,25)
0.004 (0,10)

[

7
Gauge Plane -

0.010 (0,25) -8

0.050 (1,27)
0.016 (0,40)

p \
! [ ~ } [(]0.004 (0.10)
= j' f Seating Plane

4040047-3/F 07/2004

NOTES:

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

Falls within JEDEC MS-012 variation AB.

TEXAS
INSTRUMENTS

www.ti.com
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MECHANICAL DATA
NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE

14-PINS SHOWN

0,51

ST e

HHHdHHAH [

0,15 NOM

339
5,00

l

8,20
7,40

|

Gage Plane

v

ddddHagd] o
1 7
105
A 0,55
0,15
0,05 \
i ULLLU_JLUJJJJ_J Jﬂ L
— 2,00 MAX
PINS #*
oM 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70
4040062/C 03/03
NOTES: A, Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.

1

www.ti.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to Ti’s terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Ti
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by T regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Ti products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated T! product or service and
is an unfair and deceptive business practice. T! is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio
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