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ABSTRACT

This project presents the study analysis common mode noise under balanced and
unbalanced condition of half-bridge converter. the unbalanced circuit is the causc to generate the
common mode noise. The cause of circuit unbalance is due to unbalanced transmission path,
unbalance dc source and unbalanced toad terminal. Because of these unbalanced characteristics
will produce the unbalanced voltage at the dc source ( V/,; # V) and load terminals (¥, # V,,)
from these unbatanced voltages we can find CM-noise at the dc source and the load terminals

equal to Vo = (VA3 + VB3) and Ve, = (V]3 + V23), respectively. When the dc source is

Von
balanced Vi, = 0. however, the load terminal balance can not be made due to the unbalanced
transmission path of this circuit, so that V., # 0. Another way for suppressing the common
mode noise in this circuit 15 to eliminate the ground loop of the two heat sinks by removing the
connection of the frame ground to the source of the MOSFET. By the way of dc source balance

and ground loop elimination, the common mode current is greatly reduced this validity can be

confirmed by experimental results.
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3.3 ANIUINITUIN TS
wiooasIMIMIndyyIuvianouuou IMun (Common Mode Rejection Ratio, CMRR)
o 1} 1 & = 1 @ =Y té
A0 SRTIFINTEMNIUTIFUIUN T IARDNLOU THuaaBLs s uAN e s wFTea Tnua a4

1 ¥
Tasanidousyluwdua aw 317 3.5 CMRR 98452101 AB

Vy
CMRR = 20log | —~ | dB (3.7)

A

¥ 4 Vg oA = ¥ = Y =
01U INATTUATUN TUYDNLHAINUUA Rs UATUATUNTHUININEL P RL Lag VC w®wu

¥ ¥
Ay ¥, seduimaensafouaunts 1A insaedl

V.
CMRR = 20log {;—‘—J dB (3.8)
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X X
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BALANCED LOAD
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Q@ A o = C!: a J =; o
!Eiﬂﬂl‘lﬂwlﬂﬂﬂiuw&ﬁ Iﬁﬂﬂﬂmﬂﬂuﬂuﬂﬁﬂ ﬂ’lﬂﬂﬂi'ﬂﬁﬂ
Voums = Vac -~ Vac (3.12)
VoML = Vi3 - V23 {3.13)

Sending line impedance 1181% Returning line impedance A1y Transmission Path
Rds + Z1e (3.14)
Z1e (3.15)

It

ZCir

ZRTN

¥
EJ ¥ = ' o MAa Y Yar A
PNTUATTUNAU fﬁiﬂ‘i[l"ﬂ‘i]Ti'EL!']‘FI'NiJuliJfﬁ.lﬂanEN’Nﬁ]‘quUﬂ”mJﬂLﬂ'ﬂ‘i hlﬂmu
oy * [ d‘ - J d' r 1
1. Unbalance DC Source Lnﬂmnmm"luﬁuaammmmuﬂawauTwuﬂmnmummm 1Y

Td wirffugud 9naumsh (3.10)

VeMs = Vac+VBe  # 0 (3.16)

Vac. * Vec ‘

2. Unbalance Transmission Path tAnsinawy luaunaimednivihidmsufiveuduosene
o9 11)(sending line)iag awdandU(retumn line)ia1 11windu

PINAUNIN (3.14) Lag (3.15)

Zcir = Rds + Z1p (3.18)
ZRTN = Zip 3.19;

ZRTN # ZCIR

. - 1 o ﬂl‘ = ; { 1
3. Unbalance Load terminal tind1nay luaugavoussdunousan Tnuaiinaiui Tvan la

whffugud v % va |

NNANNITA (3.11) e (3.13) 114

VeML=Vi3+Va £ 0 {3.20)

Vi3 # Va3,
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A o e 4
F9Ma09 Unbalance ¥14 3 duil vl aunsa (3.9)
Vig = Zra(Iemi-Iemz+lems) # 0 (3.22)

A @ a ' & o Ao @ o 3
LuEN‘iﬂﬂﬁEUuﬂlﬂﬂ!S‘Uﬂ'Julﬂﬂ WJ’]ﬂﬂTRULiJﬂ‘LIF}ﬁ mmmmummm'lmTﬂﬂmﬂuﬂm‘smn

Vo & Y ¥
‘ﬂ'l’l‘iJﬁiJﬂﬁcl‘Hﬂ‘U’Ni]'i “lﬂﬂ'ﬁ'lllﬁllﬂﬁ?ﬁﬂﬁ%%ﬂﬂﬁﬂi;’ﬂﬁ]ﬂﬂ?ﬂ

= g { o J t:{ ] r ' o
1. Balance DC Source {nA91f ﬂ??ﬂﬁﬁﬂﬁ%ﬁ]ﬁlﬁﬂﬂuﬂﬂﬂnﬂuIﬂﬂﬂﬁlﬂﬂﬂluﬂuﬂﬁ@ﬂ"lﬂ WInY

aud mnaunsi (3.10)
VemMs=Vac+tVee = 0 (3.23)

“Vac = VeC

2. Balance Transmission Path \ianinanuangaiaea i ldasuinaudyesmods 1y
T o = 1\ 1 o é » af [} 4 ‘;
(sending Linc)Lne e189NAU(returning line)UAUNINU B4 ZRTN = ZCIR ﬁJszﬂuﬁﬁmﬁemu
Rds a9l Tuaumsh (3.15) @ouauns vy 1didu

ZrTN =Rds+ ZT1P (3.25)

- = Y d a rg o T o
3. Balance Load terminal 109 ﬁ]’lﬂﬂ?’li}ﬁllF}ﬂ%@ﬁllﬁﬁﬂuﬂﬂuuﬂuI‘Hilﬂﬂ!,ﬂﬂiluﬂI‘Hﬂﬂm"lﬂ‘u@uﬂ

INANNISN (3.11)
VoML =Vi+Va = (3.26)
Via =' Vzai
& 0‘: ' dy o 9 c;.
FINAUD9 Balance N9 3 daudl i ldaun1sh (5)

VFG = ZFG(IcMI-TIoMa+Iom3) = 0 (3.28)
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unn 4

MINAaodazHan1INAaod

4.1 Qevlumnaaey
minaaoyy 1Faniimesmilauiuluynnivanes
- o o3 d a4 dJ d 1
4.2 minfipeifTlummaaeuisesaranuiadnsuneimosuuyliauga

. ussdufuwnusmdduIadneuneimed Vs = £34 v
. anuan1Flumsaind 100KHZ

. @A lRad 75%

o UDEUNN IRFP460

+ 39UnA 19 Rg= 1000, Cg = 1pF, TLP250, Vdc =9V
. Inondzusmed

e Aufutszy 01w

. &hmveoadaTaalad lAdumie x 10

v WSusesrduenad Toaleg i 1001

. IWSU%ﬂﬂS%LLﬁﬂ’NNEQ’Q ( High Frequency Current Probe) 1 Convertion factor = LA/V

0

+ VDs1
MV TOF J,’:

R : LOAD : -
M=

g

)

L__

1¥T
§ ;

-Cpz JFCpl

/7L Frame Ground

-ﬂ' J o aA 4 1
JUN4.L uarasesnug s fudduewme Suu luauga
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S 9 i1 a < 4 4
4.3 Mt snlvlunisnaasuisesaanuSaine s ines

o o 4 a L4 4
LIAUBUNNUBIEANIAINDUIBINDT Vs = +34V

. anudRlFlunsaded 100KHZ

. A1A9R mdadt 75%

« wpaHN IRFP460

« 29935%uina 19 Rg = 100Q, Cg = 1uF, TLP250, Vde = 9V
. TvanAtuowos

. Aufuiszguuia 3300 o 2 @

Le

.+ derawenasalaa el TURGuvuds x 10
« USusasadrueead lanlnd1Ud 101

. IWSH%ﬂﬂixLL’n‘ﬂ?mﬁq\i ( High Frequency Current Probe) 1 Convertion factor = 1A/V

@
l Cp
+ T " Jm- D T
¥ - SR
% g0
4 LOAD
FG __f T G — _bCpZ
4 T _J T
O

FG: Frame Ground
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a d ey e d d < v
4.4 msmmasﬂiﬂumsmnauNﬂiamﬂusmnaunasmamvu‘luauqa

o ussRuBuwnvessErLSadnaunesines Vs = £34V
. R UM adeT 100kHZ

. SR lfad 35%

« UOMAN [RFP460

« 13959um 19 Rg = 100Q, Cg = 1uF, TLP250 , Vdc = 9V
« Tvosdduewas

o Auduszy 0.1 gF

. dnmseoadalan Ty ldfdumis x 10

« Ysudasidiupoadlaalad luf 10:1

. stuﬁ’ﬂﬂszuﬂmmﬁqa ( High Frequency Current Probe) 1l Convertion factor = 1A/V

+
34V —_"_l- 0.1pF —

n
MV = 0.1uF -
_IH_ YDs2

=Cp: =Cp

2 ®

/7L Frame Ground

' 3
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a J d g a & d d
4.5 mimmm‘m%‘lun1‘sﬂﬂaama%amﬂmmnaunaﬁmas

« uraduduwmvsamaNLSafaouneines Vs = £34V
« Rl lumsaded 100KHZ

. AR Rt 35%

* WOAHN IRFP460

« 1995%UnA 19 Rg = 100Q), Cg = IuF, TLP250 , Vdc = 9V
 Tnardduemos

«  FUMN]TEIUIA 3300 pF 2

. dimmwenadalan el lfduanis x 10

- WSuandmsoadTaalay11di 101

- Tnsuianszuanungy ( High Frequency Current Probe) Il Convertion factar = 1A/V

&
Lt 8

e
=
| +

:1—%—’
@4t
©
= ;\)
=
>

— __Cm
__R__!'-__ _‘IN__L‘ nT

£
3
=1

. i

FG: Frame Ground
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5.1 agdwanisnanpsisvsaanuIaoneunedmesuvyliauga
1IANIINARES aunaivin i ees ludugaifinndaulsenen 3 dau Aeiu Ae
1. unaeneliauga (Unbalance DC Source) Hildusediu 1V, # 1, ldmursadndreiu

1dvuanmsuning

¥
o o or

=y o o o

2. Unbalance Transmission Path 1u79358dvuSadnouasmesiu fevazmsainditau
=1 [T - | o ¥ = ] o o :& a0 a = e’t:; ] L -Y) ] )
Hnedadns Mldifanuldougalumedidalinduiivenai lumiidusevanemoda
(Sending line) AUTIEAITY (Returning linc)

3. Load terminal unbalance ussaunauueu Imua lumuisorndranu ldvuafitdsunsing

< Y 4 4 3
5.2 ajdwanmsnanssnanuiadneue e lULTIga
1NN15NARBT NITAUgaNaaINdInlsznen 3 dn d1efiu Ao
[ ] Q ¥ a’ @ 9 o
1. WMa49109U9 R (Unbalance DC Source) ¥inldussdu 1V, =, suisodndeiuldnua

A sunsiag

¥
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.. o a d 4 4 o 7 o o
2. Balance Transmission Path 1413995818 WUSAIA0UIBS MBS IU 59122 NITAIAFN 191U e
@ A [] o TP @ o ¥ d'l ) A oo o o ~ (:l.'
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TOSHIBA W

TLP250

TOSHIBA Photocoupler  GaAlAs ired & Photo-IC
TLP250

Transistor Inverter
Inverter For Air Conditionor

Unit in mm

IGBT Gate Drive

Power MOS FET Gate Drive LY
|
§

The TOSHIBA TLP250 consists of a GaAlAg light emitting diode and a

50105

integrated photodetector. = L i
This unit is 8-lead DIP package.
TLP250 is suitable {or gate driving circuit of IGBT or power MOS FET. 90202

1854 R
P
»
o
[’

s Input threshold current: [F=6mA(max.)

9]0
¢ Supply current IcQ): 11mA(max) EFTUAT

+ Supply voltage (Vcc): 10-35V 05201 —
] 2

o OQutput current (0): £1.5A {max.) raaTem
e Switching time (tLH/tpHL): 1.5ps(max.)

s Isolation voltage: 2500Vrma(min.) l
e UL recognized: UL1577, file No,E§7349
« Option (D4) type

[N B J-%+1

T ieGa

VDE approved: DIN VDED884/06.92,certificate No.76823 TOSHIBA

11-10C4

Maximum operating insulation veltage: 630VPK Weight: 0.54 g
Highest permissible over voltage: 4000VPK

(Note) When a VDED884 approvad type is neadad,
please designate the "option {D4)"
+ (Creepage distance: 6.4mm{min.)

Clearance: 6. 4mm(min.)

Schmatic Pin Configura

tion (top view)

10

.,
3|:}_b

s

I
—

2+
VF } =
3-

s
[]7

i
s

T

1:NC.
A 0.1yF bypass capcitor must be 2: Anode
connected between pin 8 and 5 {See Nota 5). 3: Cathoda
4:.NC.
5:GND
5 Vg (Output)
7:Vo
8:Vee
Truth Table
Tr4 Tr2
input on Oon Oof
LED on off on

2004-06-25
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alp / ATa -0.36 mA/°C
@ Peak transient forward curent {Nate 1) lepT 1 A
Reverse voltage VR 5 v
Junction temperature Tj 125 °C
“H'peak output current (Pyy s 2.5ps,f £ 15kHz) {Note 2) lopH -1.5
“L"peak output current (Pyy < 2.5us,f < 15kHz) {Note 2) loPL +1.5 A
(Ta = 70°C) 35
Cutput voltage Vo v
5 {Ta=85°C) 24
2 {Ta < 70°C) 35
3 Supply voltage Vee v
(Ta=85°C) 24
Output voltage derating {Ta 2 70°C) AVg /1 ATa -0.73 vicC
Supply voltage derating (Ta 2 70°C) AV [ ATa -0.73 VieC
Junction temperature Ti 125 °C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tatg -55~125 °C
Lead soldering temperature (10 s) {Note 4) Teal 260 °C
Isolation voltage {AC, 1 min., R H.s 60%) (Note 5) BVg 2500 Vrms

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

Note 2; Exporenential wavefom

Note 3:  Exporenential wavefom, [opH S —1.0A( < 2.5ps), lope S +1.0A{ s 2.5u8)

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 8: A ceramic capacitor{0.14F) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain finear 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 VFtaFF) D —_ 0.8 vV
Supply voltage Vee 15 —_— 30 20
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
tnput forward voltage VE — IF=10mA, Ta=25C 1.6 1.8 \Y
Temperature coefficient of _ -
forward valtage AvridTal  —  |IF=10mA — -20 — |mvicc
{nput reverse current [} —_— VrR=5V, Ta=25C — 10 LA
Input capacitance CT — V=0,f=1MHz, K Ta=25°C - 45 250 pF
e IF = 10 mA - _ _
H" level loPH 3 Vee = 30V Vg g= 4V 0.5 15
Outpitt current (1) A
u Ig=0
L" level loPL 2 V5= 2.5V 0.5 2 —
“yn Veed = +15V, VEgq =15V _
H" level VaH 4 R( = 2000, IF = 5mA 11 12.8
Qutput voltage vV
- Veer = +15V, VEgt = —-15V _ N _
L" level VoL 5 R 22000, Vi = 0 8V 142 12,5
Ve = 30V, Ip = 10mA . 7 _
“H" level iccH — [fa=25C
Vee = 30V, Ig = 10mA — — 11
Supply current ce F mA
Voo = 30V, [F = 0mA - 75 _
"L" level lceL — Ta = 25°C
Voo = 30V, I = OmA — —_ 11
Thresheld input “Output IFLH . [VeCt =H+I5V, VEpy = -15V — 12 5 mA
current L—H R = 2000, Vg > OV
Threshald input "Output . IFHL _ Veed = +158V, VEgq = ~15V 08 _ . v
voltage H—L RL = 2001), Vg < OV
Supply voitage Veo — 10 — 35 v
Capacitance c Vg=0 f=1MHz
S —_ —_
(input-output) Ta =25 - 19 20 PF
; ; Vg =500V, Ta=25C 12 14
Resistance(input—output) Rs — R H.€ 60% 1x10 10 — e}

* All typical values are at Ta = 25°C

(*1): Duration of I 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 — 015 05
delay time HoL toHL IF = 8mA {Note 7) — 0.15 s
6 Vet = +15V, Ve = -15V HS
CQutput rise time tr R =2000 —_ —_ —
Output falt time tg — — —
Common mode transient
h ; - VoM = BDOV, Ip = BmA
immunity at high leve! CMH 7 _ — oga -5000 — — Vius
output Vee = 30V, Ta=25°C
Commeon mode transient - -
immunity at low levei CML 7 ¥CM _ ggSVTIaF;.?DSTé 5000 — — Vs
output ce '

* 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

0 1, ] 1
[ ] 1 Q.14F
i | i "

4 [ ] 5 4 [: o Vo5

o

Test Circuit 3 IOPH Test Circutt 4 : VOH
<]
1[0 Y t 1
-
_[ ] 0.1gF = _.__E
I QD T OJ Va.g Ig QD
—0 [ : "
4 |: | loPH s D VoH

!
m

—J ljl_]
-t
o
<
&
T
<
Q
Q

L]

Test Circuit 5: VgL

ai ]BI
4
L

a[]

VF
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TLP250

Test Gircuit 6 tpLH. tpHL. tr i

|
——™

l Veet

J Lk 0 1uF
© E Vo
e
1000 E D“'
VEE1
Test Circut 7: CpH, CML
8
pER
1 E PJ I
If D.1uF
sw IF ] 1  veo
A :? B T
T, " E :l" Vo
4 [ :}—0
Vem
600V
v 80%
cM 0,
10% . t
1% > 1
SW A(lF=8mA)
Vo /\,.._ 3V — 26V
Chi.
SW B(g=0)

Cwm

_ 480(v)
T e

480 (V)

BT

CML(CMH) is the maximum rate of rise (fafl) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA TLP250

I~ VE « Wp/-Ta-f
100—-———% -2.6
Ta=25'C
50 >
30 ~ 5 a4
— /7 g
< £
E 10 .@ ;E.
5 y 4 B_ —~ 2.2
A 3 ,’ £ 47 [
2, )
5 1 E, 20 e
3 o0s 7 g )
T 63 -
g 4 BE a8
Fa]
(=]
L om SE
0.05 8 16
0.03 vi
0.01 —[ -1.4
10 1.2 14 16 1.8 20 0.1 93 05 1 3 5 10 E
Forward voltage  VfF (W} Forward current  Ig  (mA)
iF—Ta Vee—Ta
40 40
€ 30 20
3 \
—_ [
5% 2
E = 20 g 20
w =
x ]
2 &
< 10 3 1
3
L)
-
[ 0
0 20 40 60 BO 100 [ 20 40 80 80 100
Ambient temperature Ta (°C} Ambient temperature Ta (°C)
loPH, fopL—Ta
PW- 25ps T+ 15KHz
E 2
L
5
o .
54
2
3 g
x 0
B2 N
o &
- °
[]
z
2
<
[
[ 20 40 50 80 100

Ambient Temperature Ta (°C)
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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 continually working to imprave the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fait due to their inherent electrical sensitivity and vulnerability to physical stress. It is the respensibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
sysiem, and {0 avoid situations in which a malfunction 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 preducts are used within specified operating ranges as set forth in 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 apphcations {computer, personal
equipment, cffice equipment, measuring equipment, industriat robotics, domestic appliances, etc.). These TOSH!BA products
are neither intended nor warranted for usage in equipment that requires exiraordinarily high quality and/or reliabiity or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transpontation instruments, traffic signal instruments,
combustion centrol instruments, medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products
listed in this dogument 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.

« TQSHIBA products should not be embedded to the downstream products which are prohibited to be produced and soid, under
any law and reguiations.

¢ GaAs{Gaflium Arsenide} is used int this product. The dust or vapor is harmful to the human body. Do not break, cut, crush ar
dissolve chemically.
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SN5407, SN5417, SN7407, SN7417

HEX BUFFERS/DRIVERS

WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDIS032G - DECEMBER 1983 - REVISED MAY 2004

These TTL hex buffersidrivers feature
high-voltage open-collector outputs for interfacing

® Convert TTL Voltage Levels to MOS Levels SN5407, SN5417 ... JORW PACK:GZ
. . - SN7407, SNT417 ... D, N, PACKAGE
® High Sink-Current Capability T(TOP w’;‘:)R NS
® Input Clamping Diodes Simplify System J
Design 1A[] ; 14 % Vgc
® Open-Collector Driver for Indicator Lamps ;:E 3 12 i gY
and Relays
. 2y [l 4 1] 5A
® [nputs Fully Compatible With Most TTL aalls 10f] sv
Circuits av e of] 4A
.- . . . GND (] 7 8 4y
descriptionf/ordering information i )

SN5407 . . . FK PACKAGE

with high-level circuits (such as MOS) or for (TOP VIEW)
driving high-current loads {such as lamps or > O3«
relays) and also are characterized for use as / LL:ZE‘
buffers for driving TTL inputs. The SN5407 and 3 2 12019
SN7407 have minimum breakdown voltages of 2A 1] 4 18[] 6Y
30V, and the SN5417 and SN7417 have NC s 17 NC
minimum breakdown voltages of 15 V. The 2y s 16[] 5A
maximum sink current is 30 mA for the SN5407 NC :| 7 15[] NC
and SN5417 and 40 mA for the SN7407 and 3at]s 4[] sy
9 10111213
These devices perform the Bcolean function » % % + 3

Y = Ain positive logic.

NC - No internal connectien

ORDERING INFORMATION

a PACKAGET PART NUMBER | MARKING
Tube SN7407D
Tape and reel SN7407DR 7407
SOIC-D Hibe SN7417D
. Tape andreel | SN7417DR ran
0°Cto 70°C SN7407N SN7407N
PDIP-N | Tube SNT417N SN7417N
SNT407NSR SN7407
SOP -NS } Tapeand reel o0 T7NSR SN7417
SNJ5407. SNJ5407J
) COIP-J | Tube SNJ5417J SNJ5417J
"S8°C10125°C Torp W | Tube SNJ54CTW SNJ5407W
LCCC - FK | Tube SNJS407FK 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 semicenductor products and disclaimers thereto appears at the end of this data sheet.

{if TeXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 1

Copyrighl & 2004, Texas nstruments {ncorporated

On products compllar to MiL-PRF-38535, ab para metsrs are teated
ubless otherwise nofed. On sl other producis, praduction
processing dosa not nacescarily iciude texting of sk parametsns.

PRODUCTION DATA imiormation is currenl as of publcation date.
Producis comform to cpecifications par the terms of Texas Instruments
slandard warranty. Pr p Ing doss not rily include
tniling of a¥ paramaters.
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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 TQ\ Y

el

schematic

Vece

Input A

Output Y

GND

b

Resistor values shown are nominal.

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

SUPPlY VORAGE, Vol .« e e e 7V
Input voltage, Vi (see Note 1) . .. .. e e 55V
Output voltage, Vo (see Notes 1 and 2): SN5407, SN7407 ... .. .. i s 30V
SNS417, SNTA1T 15V

Package thermal impedance, 8 (see Note 3): Dpackage .............. .. it .. 86°C/W
Npackage ......... ..o, 80°C/W

NSpackage ......... ... ... ... ., 76°C/W

Storage temperature range, Tstg ................................................... -65°C to 150°C

1 Stresses beyond those listed 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 thase indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage 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.

‘t’f 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

SDLS632G - DECEMBER 1983 ~ REVISED MAY 2004

recommended operating conditions (see Note 4)

MIN NOM MAX | UNIT

SN5407, SN5417 4.5 5 55

Vee  Supply voitage SN7407, SN7417 | 4.75 5 s525| ¥

VIH  High-evel input voltage 2 v

ViL  Low-level input voliage 0.8 vV
SN5407, SN7407 30

VoH High-level output voltage SN5417, SN7A17 15 Y
SN5407, SN5417 30

IoL  Low-level output current SN7207, SN7417 20 mA
SN5407, SN5417 -55 125

Ta Operating free-air temperature SNT407, SN7417 5 0 °C

NOTE 4: Al unused inputs of the device must be held at Ve or GND to ensure proper device operation. Refer to the Tl application repaort,

impiications of Slow or Fioating CMOS Inputs, literature number SCBAQ04.

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

otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPE MmAX| UNIT
VIK Ve = MIN, I=-12mA -1.5 v
VoH = 30 V (SN5407, SN7407) 0.25
o vee = MN, Vik=2V VOH = 15 V (SN5417, SN7417) 05| ™
oL = 16 mA 0.4
VoL Vee = MIN, V) =08YV IoL = 30 mA (SN5407, SN5417) 07| v
lgy = 40 mA {SN7407, SN7417) 0.7
I Voo = MAX, V=55V 1 mA
IH Voo = MAX, Vig=24V 40 UA
L Voo = MAX, Vi =04V ~1.6 mA
lccH VG = MAX 29 41 mA
lecL Vo = MAX 21 301 mA
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Voo = 5V, T = 25°C.
switching characteristics, Voo =5V, Ta = 25°C (see Figure 1)
PARAMETER (I’:'ll:’?#) (OU-'II-'gUT) TEST CONDITIONS MIN TYP MAXj UNIT
PLH A Y RL=10€Q C_=15pF 0 10 ns
tPHL 20 30
PLH A Y R_=150Q, C| =50pF 1 ns
tPHL 26

“-’P TEXAS
INSTRUMENTS

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

SDL8032G - DECEMBER 1983 - REVISED MAY 2004

[ L
PARAMETER MEASUREMENT INFORMATION
Ve
RL
From Qutput .
Under Test Test Point
CL
’Jj (see Note A}
LOAD CIRCUIT
input
High-Level In-Phase
Puise | 1.5V 15V Qutput
Id— ty —ﬂl toHL —4—W “4—P tPLH
l | v
Low-Level | Qut-of-Phase OH
Puise 15V 1.5V Output 1.5V 15V
——— VoL
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE WIDTHS PROPAGATION DELAY TIMES

NOTES: A. Cf includes probe and jig capacitance.

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, Zr3 =50 Q, 4%, =7 ns, < 7 ns.
The outputs are measured one at a time, with one input transition per measurement.

cow

Figure 1. Load Circuit and Voltage Waveforms

‘? TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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HCC/HCF4098B

DUAL MONOSTABLE MULTIVIBRATOR

» RETRIGGERABLE/RESETTABLE CAPABILITY

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

s TRIGGERING FROM LEADING OR TRAILING
EDGE

« Q AND Q BUFFERED QUTPUTS AVAILABLE

= SEPARATE RESETS

s WIDE RANGE OF QUTPUT-PULSE WIDTHS

s QUIESCENT CURRENT SPECIFIED TO 20V
FORHCC DEVICE

= 5V, 10V, AND 15V PARAMETRIC RATINGS

s INPUT CURRENT OF 100nA AT 18V AND
25°C FORHCC DEVICE

» 100% TESTED FOR QUIESCENT CURRENT

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

DESCRIPTION

The HCC4098B (extended temperature range) and
HCF4098B (intermediate temperature rangs) are
monglthic integrated circuit, available in 16-lead
dual in-line dual in-fine plastic or ceramic package
and plastic micropackage. The HCC/HCF4098B
dual monostable multivibrator provides stable retrig-
gerablgresettable one-shot operation for any fixed-
voitage timing application. An external resistor (Rx)
and an extemnal capacitor (Cx) control the timing for
the circuit. Adjustment 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.
Leadirg-edge-triggering (+ TR) and trailing-edge-
triggering (— TR) inputs are provided for triggerng
from either edge of an input pulse. An unused + TR
input should be tied to Vss. An unused — TR input
shouldbe tied to Vbp. 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 Vop. How-
ever, if an entire section of the 4098B is not used,
its RESET should be tied to Vss. See table |. In nor-
mal operation the circuit triggers (extends the output

June 1989

"

EY

(Plastic Package) (Ceramic Frit Seal Package)

F

- o

M1

(Micro Package) (Plastic Chip Carrier)

ORDER CODES :

C1

HCC4098BF HCF4098BM1
HCF4088BEY HCF4098BC1

PIN CONNECTIONS

Cx Yoo
Ry Cx (1) 2] [
RESET (1) 1] Ry Cxid
+TR (1} (|13 RESET (2}
- TR {1} +TR (B
1] -TR {3

a1

Yis

s-néw

114
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pulse one period} on the appication of each new
trigger pulse. For operation in the non-tnggerable
mode, Q is connected to —TR when leadng-edge
triggering (+ TR) is used or Q is connected to + TR
when trailing-edge triggering (- TR)is used. The time
period (T) for this mulivibrator can be appraximated
by Tx =12 Rx Cx for Cx > 0.01 puF. Time periods as
a function of Rx forvalues of Cx and Voo are given in
fig. 8. Values of T vary from unit to unit and as a func-
tion of vottage, temperature, and Rx Cx. The minimum
value of extemnal resistance, Rx, is 5 kf2. The maxi

FUNCTIONAL DIAGRAM

mum value of external capacitance, Cx, is 100pF.
Fig.9 shows time periods as afunction of Cx forvalues
of Rx and Vop. The output pulse width has van-
ations of £2.5 % typically, over the temperature range
of — 55°C to 125° C for Cx = 1000pF and Rx =100
k(2. For power supply variations of £ 5%, the output
pulse width has variations of +0.5% typically, for Vbp
=10V and 15V and £ 1% typically, for Vop =5 V at
Cx = 1000 pF and Rx = 5kQ.

+TR
-TR
RESET
«TR
-TR
RESET
Uw: L]
Y5 = 2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Voo™ | Supply Voltage :HCC Types - 05tc + 20 v
HCF Types -~ 05tc +18 v
Vi Input Voltage -05to Vpp + 0.5 v
I DC Input Current {any one input) +10 mA
Piot Total Power Dissipation {(per package) 200 mw
Dissipation per Cutput Transistor
for T,p = Full Package-temperature Range 100 mw
Tap Operating Temperature : HCC Types —b5to+ 125 C
HCF Types -40 to + BS C
Tsty Storage Temperature — 65 to+ 150 <

Stresses abowe those listed under "Absoiue Maximum Ralings™ may cause permanent damzge lo the device. This is a stress rating only
and fundiona operation of the device at these or any other condtions above those indicaed in the operdional secions of this specification
is not implied. Exposume to absdule maximum rating conditions for externa periods may affect denica reliahility.

" All voltage values are referred to Vss pin voliage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Voo Supply Voltage : HCC Types 3to18 v
HCF Types 31015 v
Vi Input Voitage 0 to Vpo \
Tap Operating Temperature : HCC Types ~ 585 to+ 125 °C
HCF Types — 40 to + BS °C
2014
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HCC/HCF4098B
LOGIC DIAGRAMS
pﬂ
_ f
1 o
. u‘:: .A
o — o] wa
o B
I'! ——"-F) [
“ahl MAUTS AME PADTECTED IW COBADS FRNFCTEM  WETWORK +nn
Table % : 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) (1 (2) (1) (2)
Leading - Edge
Trigger/Retriggerable 3.5 113 4 12
Leading - Edge
Trigger/Non - retriggerable 3 13 4 12 5.7 1.9
Traiting - Edge
Trigger/Retriggerable 3 13 4 12 5 "
Trailing - Edge
Trigger/Non - retriggerable 3 13 5 1 4.8 12,10
Unused Section 5 11 3,4 12,13

Notes : 1. A Refriggerable one-shot mulivibrator has an ouiput puse width which is extended ore full time paeriod (Tx) after application of the

last trigger puse.

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

WPUT PULSE TRAIN

RETRIGGERABLE PUI
WIDOTH (+TR MODE)

NON RETROIGGERABLE  MOOE
WIDTH (+TR MOOE)

JuuL

LSE —‘

PULSE

— T l—

314
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STATIC ELECTRICAL CHARACTERISTICS {over recommenced operating conditions)

Test Conditions Value
Symbol Parameter v Vo Hol| Voo Tilow" 25¢°C Trigh” Unit
[V A Y) [ Min. [Max.{ Min. | Typ. [ Max.| Min. [Max.
I Quiescent 0/ 5 5 1 0.02 1 30
Current |~ Tor10 10 2 0.02| 2 B0
Typesiors 15 4 0.02] 4 120
0/20 20 20 0.04] 20 B00 | MA
0/ 5 5 002 4 30
?fp';s 0/10 10 002 8 60
0/15 15 16 0.02| 16 120
Von | Output High 0/ 5 <1f 5 |495 4.95 4.95
Voltage 010 <1 | 10 | 995 9.95 9.95 %
0/15 <1 | 15 [14.95 14.95 14.95
VaL Output Low 5/0 < 5 0.05 0.05 0.05
Valtage 10/0 <1] 10 0.05 0.05 005| Vv
15/0 <1 | 15 0.05 0.05 0.05
Vin | Input High 05145 | <1| 5 | 35 35 35
Voltage 19 |<1]| 10} 7 7 7 v
15135 <1 | 15 | 11 11 11
Vi | Input Low 45/05 | <1 | 5 15 15 15
Voitage o |<1] 10 3 3 3 Vv
13515 <1 | 15 4
lon | Output o/s5| 25 -2 ~16|-32 — 1.15
Drive Hoe 10/i5] 46 - 0.64] - 051 -1 — 0.36
Current
Types|oro| 9.5 10 |- 16 -1.3|-26 -09
0/15] 135 15 [~ 4.2 -34/-68 -24 A
5| 25 5 |- 153 - 1.36/ - 3.2 -1
HeE | 5] 48 5 |- 052 - 044 -1 - 0.36
Typesio/0| 95 10 |- 1.3 -11|-28 -09
015 135 15 |- 36 -30]-68 -24
loo | OQutput 0/5| 04 5 | 064 051 1 0.36
g‘;‘:‘rem ?fpis 010] 05 10 | 16 13 | 26 09
0115} 15 15 | 42 34 | 68 2.4 A
05| 04 5 |052 044 | 1 0.36
HCF oo o5 10| 13 11 | 26 09
Types
015 15 15 | 36 30 | 68 24
b, i :c_’;e‘;‘:(‘age ;'f;;s 0/18 oy o 18 1 0.1 +10-5] + 0.1 1 ”
urrent HCE
Types | ¢/15 15 =03 1031+ 0.3 +1
C, Input Capacitance Any Input 5 7.5 oF

* Tiow = — 55°C for HCC device

. — 40°C for HCF devica

* Thigh = + 125°C for HCC dewvice : + B5C for HCF device.
The Noisa Margin for both "1™ and "0 levael is : 1V min. with Voo = 5V, 2V min. with Voo = 10V, 2.5 V min. with Vop = 15V,
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DYNAMIC ELECTRICAL CHARACTERISTICS (T n = 25°C, C_ = 50pF, R, = 200k(2,
typical temperature coefficient for all Vpp values is 0.3%/°C, all input rise and fall times = 20ns)

3
55
i

Test Conditions Value
Symbol Parameter Ry (KQ) Cx ©0F) Voo o] Min. | Typ. | Max. Unit
teLn, tp | Trigger Propagation Delay Time 5 250 500
(+ TR, -TRtoQ Q) 5t0 10.000] =15 10 125 | 250 | ns
15 100 | 200
twh, twe | Trigger Pulse Width L) 140 70
5 to 10.000 > 15 10 60 30 ns
15 40 20
briw Transition Time 5 100 200
5 to 10.000 =15 10 50 100
15 40 BO
bt Transition Time 5 100 200
5to 10.000 |15 to 10.000 10 50 100
15 40 BO ns
5 150 | 300
5 to 10.000 13'3_1112 10 75 | 150
15 65 130
5 250 500
5 to 10.000 t%"ﬁ; 10 150 | 300
15 80 160
tpin, tew | Propagation Delay Time (reset) 5 225 450
5 to 10.000 z 15 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
0.1pF 10 30 | 15 ks
15 20 10
t., tr (TR}| Rise or Fall Time (trigger) 5to 15 100 us
Pulse Width Match Between 5 5 10
Circuits in Same Package 10 10.000 10 75 15 9,
15 7.5 15
5/14
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HCC/HCF4098B
Figure 2 : Typical Output Low (sink} Current Charac- Figure 3 : Minimum Output Low (sink) Current Char-
teristics. aclenistics.
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Figure 6 : Typical Propagation Delay Times vs. Load Figure 7 ; Transition Time vs. Load Capacitance for
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HCC/HCF4098B

Figure 8 : Typical Extemal Resistance vs. Puise
Width at Various Vop and Cx.

Figure 10 : Typical Minimum Reset Pulse Width vs.
Extemal Capacitance.

v et w’ o o D

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

Figure 11 : Average Power Dissipation for 100% Duty Cycle vs. One-shot Pulse width.

To calculate average power dissipation
(P) for less than 100% duty cycle :
P1o¢ = average power for 100% duty cycle

P= T;"‘J P1oo where tm = one-shad pulse width
1T = trigger pulse period
e.g.: Fortm . 600mstT = 1000ms,
CX=0.01pF,V_ =58V
oD
_ [ 600
~1 1000
(see dotted line on graph)

P ]103uW = 600w

Lyy BGs-THOMSON 74
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TEST CIRCUITS

Figure 12 : Quiescent -Device Curment.

Figure 13 ; input-Voltage.

Vop
T e
Ypp
INPUTS J
35 MPUTS UTPUTS
1. - —
'IH P — }—a-
o\—l- e b
<
YiL * * -
p— —»
@ NOTE :
TEST ANY COMBINATION
OF INPUTS v
Ves L3 $-70751
BN
Figure 14 . Input Leakage.
'ﬂfn
INPUTS
e
Yop ~-——
-]
[+]
~——
NOTE: MEASURE INPUTS
SEQUENTIALLY TO BOTH
Vop AND V55. CONMELT l e
ALl UNUSED INPUTS TO Vge
EITHER Vpp OR VY55
84 $GS-THOMSON
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HCC/HCF4098B
TYPICAL APPLICATIONS
Figure 15 : Astable Muitivibrator with Restart after Reset Capability.
Yoo
semy
T B
Rx |nD(AV9)(11 +x_r2) Voo
10k$2 1mA 3.8us
4 4 5V
0.05mA 0.5s
2.5mA 3.2us
1 1 10V
0.5mA 0.5s
"o w o sma s
s o8 RESEY 15V
- * Ll“ .- 10MQ | 1ma 0.55
B TO ENSURE RESTART ARGLY AESET - H H Notas : Alt values are typica
DEEGATIVE PUASE) AFTER won 7 - Cx range : 0.0001uF to 0. 1uF,
IT" Vo LEVEL inp -
-1

Figure 16 : Pulse Delay,

Voo Yoo
1
o Ry Ez %2
1 F) 3 [
_/—\_ R4 o outeuT
1 MOND 1 Vos—{12 mMonD Z
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T w Ryt &
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T2 Ryg Opy
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L{yy SGS-THOMSON
Y/ vicRoELECTRONICS

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

a SEPARATE RESETS

» WIDE RANGE OF QUTPUT-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

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

DESCRIPTION

The HCC4098B (extended temperature range) and
HCF4098B (intemediate temperature range) are
monolthic integrated circuit, avaitable in 16-lead
dual in-ine dual in-ine plastic or ceramic package
and plastic micropackage. The HCC/HCF40398B
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. Adjustment 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 (irigger propagation delay) and the time
delay from reset input to output transition (reset pro-
pagation delay) are independert of Rx and Cx.
Leadirg-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 Vpp. ARESET (on low level) is pro-
vided for immediate termination of the output pulse
or to prevent output pulses when power is turned on.
Anunused RESET inputshould be tied to Voo. How-
ever, if an entire section of the 4098B is not used,
its RESET should be tied to Vss. See table |. In nor-
mal operation the circuit triggers (extends the output

June 1989

EY F

(Plastic

Package) (Ceramic Frit Seal Package)

- o

M1 c1

(Micro Package) (Plastic Chip Carrier)

ORDER CODES :

HCC4098BF HCF4098BM1
HCF4098BEY  HCF4098BC1

Cxy

Ry Cx (1)

RESET (1}

+TA (1}

~TRA1)

ol

PIN CONNECTIONS

s-nen

1114
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pulse one period) on the appication of each new
trigger pulse. For operation in the non-triggerable
mode, Q is connected to —TR when leading-edge
triggering (+ TR) is used or Q is connedted to + TR
when trailing-edge triggering (— TR)}is used. The time
pefiod (T) for this muttivibrator can be approximated
by Tx =12 Rx Cx forCx 2 0.01 uF. 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 external resistance, Rx, is 5 K. The maxi-

FUNCTIONAL DIAGRAM

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 forCx = 1000pF and Rx =100
kQ. For power supply varations of + 5%, the output
pulse width has variations of + 0.5% typicall, for VoD
=10V and 15V and = 1% typically, for Voo =5 V at
Cx = 1000 pF and Rx = 5k(2.

Ypp18
Vg5 @

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Voo Supply Voitage :HCC Types - 05t0 +20 v
HCF Types - 05to +18 \'
W, Input Voltage —-05t0 Vgp + 0.5 Y
Iy DC Input Current (any one input) +10 mA
Piat Total Power Dissipation (per package) 200 mw
Dissipation per Output Transistor
for Top = Full Package-temperature Range 100 mw
Top Operating Temperature : HCC Types - b5to+ 125 C
HCF Types —40 to + 85 *C
Teig Storage Temperature —65to + 150 C

Stresses abovwe those listed under "Absclue Maximum Ratngs™ may

causs parmaent damage to the devce. This is a siress rating only

and funciona operation of the device at these or any other condbions above those indicaled in the operdiona sechons of this specification
is not implied. Exposure ‘o absdute maximum rating conditions for extana periods may affect device relighitity.

* Alt voltage values are referred to Vss pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Vatue Unit
Von Supply Voltage : HCC Types 3toB \4
HCF Types 3 to 15 \)
Vi Input Voltage 0to Vpp \
Top Operating Temperature : HCC Types - 55to+ 125 C
HCF Types — 40 to + 85 °C
214 SGS-THOMSON
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HCC/HCF4098B
LOGIC DIAGRAMS
AL WPUTS A PRNECTED IV ONADS FRDSECTN  barf e -mn
Table 1 : Functional Terminal Connections.
Terminal Connections Other
Function to Voo to Vsg Input Pulse to Connections
Mono { Mono Mono Mcno Mono Mono Mono Mono
(1) (2) (1) (2) (1 (2) (1) (2)
Leading - Edge
Trigger/Retriggerable 3.5 .13 4 12
Leading - Edge
Trigger/Non - retriggerable 3 13 4 12 5.7 1.9
Trailing - Edge
Trigger/Retriggerable 3 13 4 12 3 "
Trailing - Edge
Trigger/Non - retriggerable 3 13 5 " 4.6 12,50
Unused Section 5 11 34 12,13

Nates : 1. A Refriggerble oneshot mulbvibrator has an outpul puise width which is extended ore ful fime period (Tx) after application of the

last trigger pulse.

2. Anon-refriggerable one-shot multivibrator has a time period Tx referenced from the apptication of the first trigger pulse.

NPUT PULSE TRAIN

RETRIGGERAN E
WIDTH (+TR MDDE)

NON RETRIOGERABLE  MIODE
WIDTH (+TR MODE}

WODE PULSE -_‘

FULSE

Jnn

5-nrz2

3

3/14
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STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions)

Test Conditions Value
Symbol Parameter v Vo |llol}Vop Tiow 25°C T high” Unit
V) V) WA V) [ Min. [Max. [ Min. Typ. |Max.| Min. [ Max.
IL Quiescent 0/5 5 0.02 1 30
Current 1 oc [or10 10 2 002| 2 60
Types| p/15 15 4 002 4 120
0/20 20 20 004 | 20 600 | pA
05 5 4 00z| 4 30
?fpzs 0/10 10 8 0.02 60
015 15 16 0.02| 16 120
Von | Output High 0/ 5 <1]| 5 | 485 4,95 4.95
Voltage 0410 <1 | 10 | 9.95 9.95 9.95 v
0/15 <1 | 15 11495 14.95 14 .95
VoL | Output Low 5/0 <1]| s 0.05 0.05 0.05
Voltage 10/0 <1]| 10 0.05 0.05 005| Vv
1510 <1| 15 0.05 0.05 0.05
Vi | Input High 0545 | <1 5 | 35 35 35
Voitage 19 [<1]10] 7 7 7 v
15/13.5| <1 | 16 | 11 11 1
ViL Input Low 45/05 | <1 5 1.5 1.5 15
Voltage 91 | <1 10 3 3 | v
135(1.5| <1 | 15 4 4 4
lon | Output 0/5| 25 5 | -2 -16|-132 — 1.15
g:‘r’;nt Hee 1075 46 5 |- 064 - 051 -1 - 0.36
Types{omo| 95 10 |-186 ~-13|-26 -08
0115 135 15 |- 4.2 -34|-68 ~-24 A
0/5| 25 5 |- 153 - 1.36|- 3.2 —11
HeE | 075 46 5 |- 052 - 044 -1 - 0.3§
Types|0/10| 95 10 |-13 -11{-28 -049
0115} 135 15 |- 36 -30|-68 -24
lo. | Output 0/5{ 04 5 | 0.64 0.51{ 1 0.36
g‘t:‘:;ent ?fpis 010] 05 10 | 16 13 | 26 0.9
015] 15 15 | 42 34 | 68 24 A
0/5| 04 5 | 052 044 | 1 0.36
HCF Tono[ 05 10 ] 13 11| 26 0.9
Types
0/15] 158 15 | 36 30 | 68 24
L. | Input HCC o1 18 - 01 +10°8| + 0.1 1
Leakage [Types
Current HCF Any Input KA
Types | 919 15 +03 +107%| + 0.3 +1
C input Capacitance Any Input 5 7.5 pF

* Tiow = — 55T for HCC device : — 40°C for HCF device.
* Thgn = + 125°C for HCC device : + 85C for HCF device.
The Noise Margin for bath "1" and "0" levei is : 1V min. with Vpg = 5V, 2V min. with Vpp =10V, 2.5 V min, with Vop = 15V,

4114
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HCC/HCF4098B

DYNAMIC ELECTRICAL CHARACTERISTICS (T, = 25°C, C| = 50pF, Ry, = 200k£2,
typical temperature coefficient for all Vg values is 0.3%/°C, all input rise and fall times = 20ns)

Test Conditions Value
Symbol Paramater Ry (k) Cx ©0F) Voo ()] Min. | Typ. | Max. Unit
teLn, tru| Trigger Propagation Detay Time 5 250 | 500
(+TR.-TRt Q. Q) 5t0 10000 215 10 125 | 250 | ns
15 100 200
twh, two | Trigger Pulse Width 5 140 70
5 to 10.000 > 15 10 60 30 ns
15 40 20
trin Transition Time 5 100 200
5 to 10.000 > 15 10 50 100
15 40 80
tThL Transition Time 5 100 200
5 to 10.000 {15 to 10.000] 10 50 100
15 40 a0 ns
5 150 300
5 to 10.000 t(g"gi]“u'; 10 75 | 150
15 65 130
5 250 | 500
5 to 10.000 t?)'11F:1FF 10 150 | 300
15 80 160
teen. ten | Propagation Delay Time (reset) 5 225 450
5 to 10.000 =15 10 125 250 ns
15 75 150
twR Pulse Width {reset) 5 200 100
16 10 80 40
15 80 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
t;, & (TR}| Rise or Fall Time (trigger) 51to0 15 100 Us
Pulse Width Match Between 5 5 10
Circuits in Same Package 10 10.000 10 7.5 15 %
15 7.5 15
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3]
gﬁ
|



HCC/HCF4098B

65

Figure 2 ; Typical Qutput Low (sink) Current Charac-

tenstics.
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Figure 4 : Typical Output High (sowrce) Current Char-
actenistics.
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Figure 6 ; Typical Propagation Delay Times vs. Load
Capadtance, Trigger in to Q out. (Al
values of Cx and Rx).
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Figure 3 : Minimum Output Low (sink) Cument Char-

acteristics.
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Figure 5 : Minimum OQutput High (source) Cument
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Figure 7 : Transition Time vs. Load Capacitance for
Rx = 5k€}, 10000 k) and Cx = 15pF,
10000pF.
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HCC/HCF4098B

Figure 8 : Typical Extemal Resistance vs. Pulse
Width at Various Vpp and Cx.

PG

Figure 10 : Typical Minimum Reset Pulse Width vs.
External Capacitance.

0w ¥ o e

Figure 9 . Typical Extemnal Capacitance vs.Pulse
Width at Various Voo and Rx,

Figure 11 : Average Power Dissipation for 100% Duty Cycle vs. One-shot Pulse width.

To calculate average power dissipation
(P) for less than 100% duty cycle :
P100 =average power for 100% duty cycle

T
P Wrmr Pioc where Tm = one-sha puise width

T = trigger puise perod

e.g. : Fortm .~ 660mstT = 1000ms,
CX = 0.01F, vV, S5

=[ 800 }1031.1W =600uW v

1606

(see dotted line an graph)
=nn

L37 tc3-THOMSON 7ha




67

HCC/HCF4098B
TEST CIRCUITS
Figure 12 : Quiescent -Device Cument. Figure 13 : Input-Voitage.
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Figure 14 : Input Leakage.
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HCC/HCF4098B

TYPICAL APPLICATIONS
Figure 15 : Astable Multivibrator with Restart after Reset Capability.

T
Rx lop(Avg) (T1 +x-r2) Voo
10kQ2 1mA 3.8us
i 1 5V
0.05mA, 0.5s
2.5mA 3.2us
4 { 10V
0.5mA 0.5s
5mA 3us
1 & 15V
_ TOMQ | 1mA 0.5s
¥ D Enung RESTAAT ARPLY RESET @ I i i i . Notes : Ali values are typica
DEGATIVE PULSE) AFTER Vpp T, Cx range . 0.0001uF to 0.1pF.
PPLY VOUTABE HAS REACHED
M Yoo LEVEL oo _.CJL__:L}..- -
5-1
Figure 16 : Pulse Delay.
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