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ABSTRACT

This project process a design and construction of an electrosurgery unit based on
Gilbert’s theory a concerning about the 100kHz-10MHz,400Vp-p alternatry current signal .Will
effect to cut the tissue, This signal also help to stop the blood but it has no effects with the body of
human being. This proposed design. is covered to protect the dangerous by using isolated

electrical power system.
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CORE TYPE Ay(em’ ) B(.(mm) He{mm) f,‘(mm)

E 814E250 0.17 6.7 2.1 3429
E 813E187 0.33 9.3 3.2 36.32
E 813E343 0.36 10.0 3.3 47.50
E 812E250 0.58 161 49 55.12
E782E272 0.80 17.3 =4 55.88
E375. 1.08 16.5 6.6 73:41
E21 1.14 17.9 6.0 86.36
E 783E608 1.78 26.3 # 52.96
E348E772 1.81 26.3 7.1 59.06
E 625 132 > S 6a 94.9
E 55 2.30 33.1 8.6 113.03
E7S 243 @\ 260 8.1 119.38

 CORETYPE  Aylem’). Boe(mm) . Her(mm) 4, (mm)

EC 35 0.97 21.5 4.8 50.04
EC 41 135 245 5.8 59.94
EC 52 2.13 283 7.7 72.90
EC70 4.77 41.5 117 95.0

' EC Bobbin
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CORETYPE A (em)) A, (@) V, (@¥ 7, (am)

EE 20/20/5 0.31 0.35 1.34 43.0
EE 30/30/7 0.59 0.78 4.00 66.9
EE 42/42/15 182 1.78 17.6 97.0
EE 42/42/20 236 1.78 23.1 97.4
EE 42/54/20 236 2.40 28.8 122.0
EE 42/66/20 236 3.40 34.5 143.0
EE 55/55/21 3.54 2.50 43,7 123.0
EE 55/55/25 420 2.50 52.0 123.0
EE 65/66/27 5.32 3.93 78.2 147.0
CORETYPE A, (cm®) A, (am") V. (em’) !, (mm)
ETD 34 0.971 1.220 7.64 78.6
ETD 3% 1.250 1740 11.50 92,2
ETD 44 1740 2130 18.00 103.0
ETD 45 2110 2710 2420 114.0
CORE TYPE A em’y A, (em®) VY, (em®) 1, (mm)
El 19 0.24 0.517 0.950 396
El 22/19 0.41 0.44 1.630 39.3
£l 25719 0.42 0.819 2.02 48.6
Ei 28/20 0.85 0.725 411 48.4
El 30/26 111 0.791 6.45 58.1
El 35/29 2t 1.36 8.18 67.6
EI 40/35 1.48 1.08 1.3 76.9
E1'50/42 2.30 1.7 21.8 94.8
2,48 2.94 2 109.7

El 60/44
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19 0.0359 0.9119 1.003 0.653 0.03403 1.048
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17 0.0453 1.151 1.247 1.04 0.02137 1.303
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15 0.0571 1.45 1.557 1.652 0.01345 1.627
14 0.0641 1.628 1.737 2.082 0.01067 1.815
13 0.072 1.829 1.943 2:627 0.00846 2.03
12 0.0808 2.052 2.172 3.308 0.006717 2.27
11 0.0907 2.304 2.431 4.168 0.005331 2.54
10 0.1019 2.588 2:72 5.261 0.004224 2.842
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SDLS131

SN54LS11, SN54S11,
SN74LS11, SN74S11
TRIPLE 3-INPUT POSITIVE-AND GATES

APRIL 1985—REVISED MARCH 1988

@ Package Options Include Plastic ‘*Small
Outline’* Packages, Ceramic Chip Carriers
and Flat Packages, and Plastic and Ceramic
DIPs

® Dependable Texas Instruments Quality and
Reliability

description

These devices contain three independent 3-input
AND gates.

The SN54LS11 and SN54S11 are characterized
for operation over the full military temperature
range of —55°C to 125°C. The SN74LS11 and
SN74S11 are characterized for operation from
0°C to 70°C.

FUNCTION TABLE {each gate}

INPUTS OUTPUT
A B C Y
H H H
L P x te
x Jd L
x Ik o L
logic symbol T
1A n_f &
T | LNEE0y
s VES
24 (3)
28 —41 | DN O
2018
24 (9}
25 10) ® .,
011

TThis symbol is in accordance with ANSI/IEEE Std. 91-1 984 and
IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

SNB4LS11, SN74S11. .. J OR W PACKAGE
SN74LS11, SN74811...D OR N PACKAGE

(TOP VIEW)
A O Ul vee
18 2 13 1C
2a (03 120 1Y
28 [« 1 3¢
2C Os 10] 3B
2Y [Os o[]1 3A
GND (]2 8] 3Y

-SNB4LS11, SN54S11 ... FK PACKAGE
(TOP VIEW)

NC —Na internal connection

logic diagram (positive logic)

1A

18 } 1y

ac

Z2A
28
2C —

=/,
»/
:;g I_/L 3Y

3C

2Y

PRODUCTION DATA documents contain information

current as of publication date. Products conform to

specéﬁc:ﬁons par tr;s tderms of Texas lnstdrumanu T

standard warranty. Praduction procassing doss not

necessatily include testing of afl paramaters. : INSTRUME

X3

NTS

POST OFFICE BOX 655012 » DALLAS. TEXAS 75285



SN54LS11, SN54S11,
SN741S11, SN74S11
TRIPLE 3-INPUT POSITIVE-AND GATES

schematics (each gate)

INPUTS
A
8
c
YWy
‘S11
' ® $Tviec
50 £2
OUTPUT
INPUTS v
A4
B
Cc
/-TE 9— GND

Resistor values shown are nominal.

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

Supply voltage, Veg fsee Note 1) . ... o
Input voltage: "STT ... .. .. . .. 5.5V
BT s o v e tomm g0 8 8 EHF 55 B8 ommnnsn s e o E S E BB B S B s e e oo
Operating free-air temperature range: SN54" . ... —55°C to 125°C
SN74" 0°C to 70°C
Storage temperature range . .........._........ ... . ... ... —-65°C to 150°C

NOTE 1: Voltage values are with respect to network ground terminal.

TEXAS "-’?
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



SN541811, SN7

4Ls11

TRIPLE 3-INPUT POSITIVE-AND GATES

recommended operating conditions

SN54LS11 SN74LS11
UNIT
MIN NOM MAX | MIN NOM MAX

Ve Supply voltage 45 5 5.5 | 475 5 525 v
V{4 Highdevel input voitage 2 2

ViL Low-ievel input voitage 0.7 0.8 v
loH  High-tevel output current —04 -04 mA
IoL  Low-level output current’ 4 8 mA
Ta  Opersting free-air temperature - 55 125 0 70 OC

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

41 SN7 11
PARAMETER TEST CONDITIONS 1 S \ e UNIT
MIN TYP% MAX MIN TYP$ MAX
Vi Vee = MIN, I} =— 18 mA -1.5 -15
VoH Vee = MIN, Vin=2v loH = — 0.4 mA <> 3.4 2.7 34
Vec =MIN, V) =MAX. 1o =4 mA 0.25 04 0.25 04
Vor v
Vee = MIN, ViL= MAX, loL =8 mA 0.35 0.6
4y Vegc = MAX, Vy=7Vv 0.1 0.1 mA
Iy Vee = MAX, V=27V ) 20 20 A
L VCC =MAX, V)=04V - 04 — 0.4 mA
los & Vee = MAX - 20 —-100| - 20 - 100 mA
lccH Vee =MAX, V=45V 1.8 3.6 1.8 3.6 mA
fecL Vee =MAX,  vi=av 3.3 6.6 33 66 mA
t For canditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values are at Ve =5V, Ta = 25°C.
§ Not more than one output should be shorted at a time, and the. duration of the short-circuit should not exceed one second.
switching characteristics, Voo =5 V, Ta = 25°C (see note 2)
FRCM TO
PA
RAMETER (INPUT) - (QUTPUT) TEST CONDITIONS MIN TYP MAX UNIT
pLH 8 15 ns
A, BorC Y Ry =2k, CL =15pF
TPHL 10 20 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

{ip
TeExas
INSTRUMENTS

POST CFFICE BOX 655012 » DALLAS. TEXAS 75265



SN54S11, SN74S11 :
TRIPLE 3-INPUT POSITIVE-AND GATES

[nemsr s B aE S i S e
recommended operating conditions
SNB4S11 SN74s11
MIN NOM MAX | MIN NOM MAX unT
Ve Supply voltage 45 5 665 | 4.75 5 5.25 Y]
VIH High-level input voltage 2 2 \%
ViL Low-level input voltage 0.8 0.8 \Y
IoH High-level cutput current -1 -1 mA
loL Low-level output current 22 20 mA
Ta  Operating free-air temperature —55 125 0 70 °c

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

SN54S11 SN74S811
PARAMETER TEST CONDITIONS t UNIT
MIN TYP ¢ MAX MIN TYP$ MAX

Vik Vee = MIN, I} =— 18 mA -1.2 -1.2
Vo Voo =MIN, vy =2v, IoH=—1mA s ] 34 27 3.4
VoL Vee = MIN, ViL=08YV, lgL =20 mA 0.6 0.5 A\
h Ve = MAX, Vi =55% 1 1 mA
'IH VCC =MAX, V=22V 50 50 MA
ln_ VCC=MAX, Vy=05V -2 -2 mA
I05§ Vee = MAX —40 - 100 [— 40 - 100 mA
Icc Voo =MAX, V=45V 13,5 24 136 24| ma
lccn Vee = MAX, Vi=0V 24 42 24 42 mA

t For conditions shown as MIN aor MAX, use the appropriate value specified under recommended operating conditions.

I All typical valuesare at Ve =5 v, T =25°C.

§ Nor mare than one autput shouid be shorted at a time, and the curation of the short-circuit should not exceed one second.

switching characteristics, Vgc =5 V, TA = 25°C (see note 2)

FROM TO
PARAMETER {INPUT) (OUTPUT} TEST CONDITIONS MiIN TYP MAX UNIT
t 4.5 7 ns
il Ry =280 q, CL =15 pF
TPHL 5 7.5 ns
A, BorC Y
PLH 6 ns
RL=280¢%, Cy =50 pF

tPHL 7.8 ns

NOTE 2: Load circuits and voltage waveforms are shown in Section 1,

TeExas {'r‘
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS. TEXAS 15265




IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TISEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. )

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to T through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infingement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated
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SN5473, SN54LS73A, SN7473, SN74LS73A
DUAL JK FLIP-FLOPS WITH CLEAR

S D A AN SR
logic symbolsT
73 ‘LS73A
1 ::)“ N az o 1 “—')“—‘ 9 (12)
1ICLK e 1CLK %)—E» ci
w3 e 13 e 1.k 13 =
| ALY, NS
1CR %D. R’ L 1CLR %h R e
PYRIANEE 19) gy x| (9
e 2Q (5) 2Q
2 0 i T ,
L6 P* 20 2K 2 g
2CIR 2C(A

T These symbols are in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.

schematics of inputs and outputs

TYPICAL OF ALL OUTPUTS

- Vee

130 €2 NOM

QUTPUT

s
EQUIVALENT OF EACH INPUT
qu
INPUT - —
L MAX Req NOM
- 16mA 4 k&2
-3.2mA 246>
'LS73
EQUIVALENT OF
EACH INPUT
Vce i N
Req
INPUT —_
1L MAX Req NOM
— 0.4 A 30 kO
— 0.8 mA 8.25 k!

TYPICAL OF
ALL QUTPUTS

———————— vee

OouTPUT

TeExas ‘t’f
INSTRUMENTS
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SN5473, SNS4LS73A, SN7473, SN74LS73A
DUAL J-K FLIP-FLOPS WITH CLEAR

logic diagrams (positive logic)

CLR

* CLR

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

Supply voitage, VIEE 1508 MOME 10 i1 c0m 5 ims g yms 528 KBRS aBn cn v s 68 B2 5 v s oo e s 1t s 7V
IR YORERES T3 - s c08 b s B8 8905 Enemrn 58 £ S8 8 s s < e gt o 8.5V
EEPHR ot 505 4000 w0 N85 SRS e sns 1 8K 5 S x e sims ks e @ e 7V

Operating free-air temperature range: SN&4” ... .. Lo —58°C to 1256°C
SN74" 0°C to 70°C

Storage temperature PRREEL cmn vmms p 2@ Ema e e n @ E B EE s st S F o -65°C to 150°C

NOTE 1: Voltage values are with Fespect to network ground terminal.

TExas {'P
INSTRUMENTS

POST OFFICE BOX 655012 + DALLAS. TEXAS 75265




SN5473, SN7473
DUAL J-K FLIP-FLOPS WITH CLEAR

recommended operating conditions

SNG5473 SN7473 URIT
MIN NOM MAX | MIN NOM MAX
Ve  Supply voltage 4.5 5 6.6 | 4.75 5 5.25 \Y
V{H High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 Vv
10H High-level output current —-0.4 —-0.4 mA
loL Low-level output currant & 16 16 mA
CLK high 20 20
tw  Pulse duration CLK lot: 47 47 ns
CLR low 25 25
tsu input setup time before CLK t 0 0 ns
th Input hold time data after CLK | . 0 0 ns
Ta  Operating free-air temperature — 55 125 0 70 °c

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted }

SN5473 SN7473
PARAMETER TEST COND!TIONST NI
MIN TYP} MAX | MIN TvPt max | UW/T
Vi Vee = MIN, lj=—12mA - 1.5 —1.5 \4
Ve = MIN, Vi =2V, V| =08V,
Vo ) 4 H 5- 2T N4 24 34 v
IoH = — 0.4 mA
Vce = MIN, Vig=2V, VIL=08V,
VoL G P & 02 04 02 04 | v
loL =16 mA
0 Vce = MAX, Vi =55V 1 1 | ma
1 gor i Vee = MAX V=24V ' 4 0 s
H CLR or CLK cc [ = 80 go | *
Jor K —1.6 — 1.6
' CLR Vee = MAX, Vy =04V 255 —32 | ma
CLK L3 —3.2
Ios§ Voo = MAX - 20 ~57 |-18 -57 | mA
Iece Vee = MAX, See Note 2 10 20 10 20 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

* All typical values ars at Vee = 5V, Ta = 25°C,

5 Not more than one output should be shartad at a tima.

§ Average per flip-flop.

NOTE 2: With all outputs open, lgc is measured with the Q and Q outputs high in turn, At the time of measurement, the clock input
is grounded.

switching characteristics, Vec =5V, Ta = 25°C (see note 3)

PARAMETER¥ FROM b TESTC

(INPUT) (OUTEUT] T CONDITIONS MIN TYP MAX | UNIT
f o 15 20 MHz
1] T
PLH TF [} 16 25 ns
tPHL o] R =400 q, CL =16 pF 25 40 ns
1] —
PLH - Caord 16 25 ns
IPHL 25 40 ns

#fmax = maximum clock frequency: tPLH = propagation delay time, low-to-high-level output; tpH| = propagation delay time, high-ta-
low-level output.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

TEXAS ‘Q’

INSTRUMENTS
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DUAL J-K

SN54LS73A, SN74LS73A

FLIP-FLOPS WITH CLEAR

recommended operating conditions

SNE4LS73A SN74LS73A URTF
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 4.5 [ 55 | 4,75 5 525 Y
ViH  High-level input voltage 2 2 Y
ViL Low-level inbut voltage 0.7 0.8 \Y
loH  High-level output current - 0.4 —-0.4 mA
loL _ Low-level vutput current 4 8 mA
felock Clack frequency 0 30 0 30 MHZ‘J
. CLK high 20 20
Tw Pulse duration TR low 25 20 ns
tsy Sat up time-befaore CLK | ét; l:;:’;t?;slow :g ;8 ns
Th Hold time-data after CLK | 0 0 ns
Ta Operating free-air temperature 55 125 0 70 ‘c
elactrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54LS73A SN74LS73A
PARAMETER TEST CONDITIONS? MIN_TVPt max | min tyrt max | UMT
Vik Vee = MIN, hy==18mA — 1.5 —1.5 v
Von 4ec - ih @ e AT X 25 34 27 34 v
10H = — 0.4 mA
Vee= iy Ve e~ My, 025 04 0.25 04 "
oL =4 mA J
VoL Vee = MIN, VIL=MAX,  Vip=2v 7 v
0.35 0.5
lOL =8 mA
Jor K 1D 0.1 0.1
I LR Veg = MAX, Vi=7v le 0.3 03 | ma
CLK 0.4 0.4
Jor K 20 20
i CLR Vee = MAX, Vi=27v 60 60 | uA
L CLK ' 80 80_|
mn dor K Vee = MAX, V=04V =04 =04 § A
CLR or CLK — QB — 0.8
los§ Voo = MAX, See Note 4 - — 20 —100 [-20 —100 | mA
lcc (Toral) Ve = MAX, See Note 2 4 6 4 6 mA
t For conditions shown as MIN or MAX, uss the apprapriate value spacifiad under recommeandead operating condlitions,

t All typical vaiues areat Vo
§ Not more than one output should be

NOTE 2:

With ail outputs open,
grounded,

lceis

C =5V, Tx =25°C,
shorted at a time, and the duration of the short circuit should not exceed one sacond.
measured with the Q ang Q outputs high in turn, At the time of measurement, the clock Input is

NOTE 4: For certsin devices where state commutation can

with Vo
10 one half of thair stateg values.

be caused

switching characteristics, Vec =5V, Ta = 25°C (see note 3)

by shorting an Qutput to ground, an
=2.25 V and 2.125 V for the 54 family and the 74 family, respectively,

equivalent test may be performed
with the minimum and maximum limits reduced

FROM TO ’
PARAMETER TEST CONDITIONS MIN P MAX IT
L (INPUT) (OUTPUT) Y A i
frmax 30 45 MHz
— — RL=2k =15pF
PLH CLR or CLK Qor g L2 59, Gy, =15p S 20 ns
tPHL 15 20 ns
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

+3

TEXAs

INSTRUMENTS
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Applying Modern Clock
Drivers to MOS Memories

INTRODUCTION

MOS memories present unique system and circuit chal-
lenges to the engineer since they require precise timing of
input waveforms. Since these inputs present large capaci-
tive loads to drive circuits, it is often that timing problems
are not discovered until an entire system is constructed.
This paper covers the practical aspects of using modern
clock drivers in MOS memory systems. Information includes
selection of packages and heat sinks, power dissipation,
rise and fall time considerations, power supply decoupling,
system clock line ringing and crosstalk, input coupling tech-
niques, and example calculations. Applications covered in-
clude driving various types shift registers and RAMs (Ran-
dom Access Memories) using logical control as well as oth-
er techniques to assure correct non-overlap of timing wave-
forms.

Although the information given is generally applicable to any
type of driver, monolithic integrated circuit drivers, the
DS0025, DS0026 and DS0056 are selected as examples
because of their low cost.

The DS0025 was the first monolithic clock driver. It is in-
tended for applications up to one megacycle where low cost
is of prime concem. Table | illustrates its perfarmance while
Appendix | describes its circuit operation. Its monolithic,
rather than hybrid or module construction, was made possi-
ble by a new high voltage gold doped process utilizing a
collector sinker to minimize Vcg saT.

National Semiconductor
Application Note 76

B. Siegel

M. Scott

July 1986

The DS0026 is a high speed, low cost, monolithic clock driv-
er intended for applications above one megacycle. Table II
illustrates its performance characteristics while its unique
circuit design is presented in Appendix Il. The DS0056 is a
variation of the DS0026 circuit which allows the system de-
signer to modify the output performance of the circuit. The
DS0056 can be connected (using a second power supply)
to increase the positive output voltage level and reduce the
effect of cross coupling capacitance between the clock
lines in the system. Of course the above are just examples
of the many different types that are commercially available.
Other National Semiconductor MOS interface circuits are
listed in Appendix Ill.

The following section will hopefully allow the design engi-
neer to select and apply the best circuit to his particular
application while avoiding common system problems.

PRACTICAL ASPECTS OF USING

MOS CLOCK DRIVERS

Package and Heat Sink Selection

Package type should be selected on power handling capa-
bility, standard size, ease of handling, availability of sockets,
ease or type of heat sinking required, reliability and cost.
Power handling capability for various packages is illustrated
in Table lll. The following guidelines are recommended:

TABLE |. DS0025 Characteristics

Parameter Conditions (V+ — V—) = 17V Value Units
ton 15 ns
torr Cin = 0.0022 pF, Ry = 00 30 ns

t; C = 0.0001 pF, RO = 500 25 ns
t 150 ns
Positive Output Voltage Swing VIN— VT =0V, loytr = —1mA VFT-0.7
Negative Qutput Voltage Swing iy = 10mA, loyT = 1mA N7l
On Supply Current (V) iy = 10 mA 137 mA
TABLE Il. DS0026 Characteristics

Parameter Conditions (V+ — V—) = 17V Value Units
ton ‘ 7.5 ns
torr Cin = 0.001 pF, Rjy = 00 75 ns

t RO = 500,C = 1000 pF 25 ns
t 25 ns
Positive Output Voltage Swing VIN—= V™ =0V,lpyt= —1mA vVt —07
Negative Output Voltage Swing i =10mA, loyT = 1 mA V- + 05
On Supply Current (V+) iy = 10 mA 28 mA

TRI-STATE® is a registered trademark of National Semiconductor Corp.

©1995 National Semiconductor Corparation

TL/F/7322

RRD-B30% 105/Printed in U. S. A
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The TO-5 (““H") package is rated at 750 mW still air (derate
at 200°C/W above 25°C) scldered to PC board. This popular
cavity package is recommended for small systems. Low
cost (about 10 cents) clip-on heat sink increases driving ca-
pability by 50%.

The 8-pin (““N”) molded mini-DIP is rated at 600 mW still air
(derate at 90°C/W above 25°C soldered to PC board (derate
at 1.39W). Constructed with a special copper lead frame,
this package is recommended for medium size commercial
systems particularly where automatic insertion is used.
(Please note for prototype work, that this package is only
rated at 600 mW when mounted in a socket and not one
watt until it is soldered down.)

The TO-8 (“G") package is rated at 1.5W still air (derate at
100°C/W above 25°C) and 2.3W with clip-on heat sink
(Wakefield type 215-1.9 or equivalent—derate at 15 mwW/
°C). Selected for its power handling capability and moderate
cost, this hermetic package will drive very large systems at
the lowest cost per bit.

Power Dissipation Considerations

The amount of registers that can be driven by a given clock
driver is usually limited first by internal power dissipation.
There are four factors:

1. Package and heat sink selection

2. Average dc power, Ppg

3. Average ac power, Ppc

4. Numbers of drivers per package, n

From the package heat sink, and maximum ambient temper-
ature one can determine Pyax, which is the maximum inter-
nal power a device can handle and still operate reliably. The
total average power dissipated in a driver is the sum of dc
power and ac power in each driver times the number of
drivers. The total of which must be less than the package
power rating.

Poiss = n X (Pac + Poc) < Pumax (1)
Average dc power has three components: input power,
powerin the “OFF" state (MOS logic “‘0”) and power in the
"ON" state (MOS logic “1").

Poc = Pin + Porr + Pon (2)
For most types of clock drivers, the first two terms are negli-
gible (less than 10 mW) and may be ignored.

Thus:

Ppc = Pon = MR;GJ)Z X (BC)
where:

V+ — V= = Total voltage across the driver

Req = Equivalent device resistance in the

“ON" state
=Vt — V_/IS(ON) 3)
DC = Duty Cycle
“ON" Time

“ON” Time + “OFF” Time
For the DS0025, Req is typically 1 k2 while Req is typically
60042 for the DS0026. Graphical solutions for Ppc appearin
Figure 1. For exampleif V¥ = +5V,V— = —12V, Req =
50002, and DC = 25%, then Ppg = 145 mW. However, if
the duty cycle was only 5%, Ppc = 29 mW. Thus to maxi-
mize the number of registers that can be driven by a given

clock driver as well as minimizing average system power,
the minimum allowable clock pulse width should be used for
the particular type of MOS register.
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FIGURE 1. Ppc vs Duty Cycle

In addition to Ppc, the power driving a capacitive load is
given approximately by:
Pac = (V= V-)2 X f X CL @)

where:

f = Operating frequency

CL = Load capacitance
Graphical solutions for Pac are illustrated in Figure 2. Thus.
any type of clock driver will dissipate interally 290 mW per
MHz per thousand pF of load. At 5 MHz, this would be 1.5W
for a 1000 pF load. For long shift register applications, the
driver with the highest package power rating will drive the
largest number of bits.
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FIGURE 2. Ppc vs PRF
Combining equations (1), (2), (3) and (4) yields a criterion for
the maximum load capacitance which can be driven by a
given driver:

1 PmAX (DC)
L>7% + —v—)e2 (5)
fln(v V) Req
As an example, the DS0025CN can dissipate 890 mW at
Ta = 70°C when soldered to a printed circuit board. Req is
approximately equal to 1k. For V+ = 5V, V— = —12v,
f = 1 MHz, and dc = 20%, C is:
1 [(890 X 10-3) 0.2 ]
CL Lo —
2)(17)2 1 X103

106
CL < 1340 pF (each driver)




A typical application might involve driving an MM5013 triple
64-bit shift register with the DS0025. Using the conditions
above and the clock line capacitance of the MM5013 of
60 pF, a single DS0025 can drive 1340 pF/60 pF, or ap-
proximately 20 MM5013’s.

In summary, the maximum capacitive load that any clock
driver can drive is determined by package type and rating,
heat sink technique, maximum system ambient tempera-
ture, ac power (which depends on frequency, voltage
across the device, and capacitive load) and dc power (which
is principally determined by duty cycle).

Rise and Fall Time Considerations

In general rise and fall times are determined by (a) clock
driver design, (b) reflected effects of heavy external load,
and (C) peak transient current available. Details of these are
included in Appendixes | and II. Figures Al-3, Al<4, All-2 and
Alll-3 illustrate performance under various operating condi-
tions. Under light loads, performance is determined by inter-
nal design of the driver; for moderate loads, by load C|_ be-
ing reflected (usually as CL/p) into the driver; and for large
loads by peak output current where:

AV _ lour peak
AT CL

Logic rise and fall times must be known in order to assure
non-overlap of system timing.

Note the definition of rise and fall times in this application
note follow the convention that rise time is the transition
from logic “0” to logic “1” levels and vice versa for fall
times. Since MOS logic is inverted from normal TTL, “rise
time” as used in this note is “voltage fall” and “fall time” is
“‘voltage rise”.

Power Supply Decoupling

Although power supply decoupling is a wide spread and ac-
cepted practice, the question often rises as to how much
and how often. Our own experience indicates that each
clock driver should have at least 0.1 uF decoupling to
ground at the V+ and V— supply leads. Capacitors should
be located as close as is physically possible to each driver.
Capacitors should be non-inductive ceramic discs. This de-
coupling is necessary because currents in the order of 0.5
to 1.5 amperes flow during logic transitions.

There is a high current transient (as high as 1.5A) during the
output transition from high to low through the V= lead. If the
external interconnecting wire from the driving circuit to the
V= lead is electrically long or has significant dc resistance,
the current transient will appear as negative feedback and
subtract from the switching response. To minimize this ef-
fect, short interconnecting wires are necessary and high fre-
quency power supply decoupling capacitors are required if
V ~is different from the ground of the driving circuit.

Clock Line Overshoot and Cross Talk

Overshoot: The output waveform of a clock driver can, and
often does, overshoot. It is particularly evident on faster
drivers. The overshoot is due to the finite inductance of the
clock lines. Since most MOS registers require that clock
signals not exceed Vgs, some method must be found in
large systems to eliminate overshoot. A straightforward ap-
proach is shown in Figure 3. In this instance, a small damp-
ing resistor is inserted between the output of the clock driv-
er and the load. The critical value for Rg is given by:

Rs=2,/= (6)

L

vt=sv
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o
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-12v :
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FIGURE 3. Use of Damping Resistor to
Eliminate Clock Overshoot

In practice, analytical determination of the value for Rg is
rather difficult. However, Rg is readily determined empirical-
ly, and typical values range in value between 10 and 500.

Use of the damping resistor has the added benefit of essen-
tially unloading the clock driver; hence a greater number of
loads may often be driven by a given driver. In the limit,
however, the maximum value that may be used for Rg will
be determined by the maxiraurn allowable rise and fail time
needed to assure proper operation of the MOS register. In
short:

tr(MAX) = timax) < 2.2RsCp @)
One last word of caution with regard to use of a damping
resistor should be mentioned. The power dissipated in Rs
can approach (Vt — V=)2{Cy and accordingly the resistor
wattage rating may be in excess of 1W. There are, obvious-
ly, applications where degradation of t, and t; by use of
damping resistors cannot be tolerated. Figure 4 shows a
practical circuit which will limit overshoot to a diode drop.
The clamp network should physically be located in the cen-
ter of the distributed load in order to minimize inductance
between the clamp and registers.
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FIGURE 4. Use of High Speed Clamp to
Limit Clock Overshoot




Cross Talk: Voltage spikes from ¢1 may be transmitted to
$2 (and vice versa) during the transition of ¢1 to MOS logic
1. The spike is due to mutual capacitance between clock
lines and is, in gencral, aggravated by long clock lines when
numerous registers are being driven. Figure § illustrates the
problem.

F———————

-12v

TL/F/7322-5
FIGURE 5. Clock Line Cross Talk

The negative going transition of ¢4 (to MOS logic “1”) is
capacitively coupled via Cy to ¢p. Obviousiy, the larger Cpy
is, the larger the spike. Prior to ¢4’s transition, Q1 is “OFF”
since only pA are drawn from the device.
The DSO056 connected as shown in Figure 6 will minimize
the effect of cross talk. The external resistors to the higher
power supply pull base of a Q1 up to a higher level and
forward bias the collector base junction of Q1. In this bias
condition the output impedance of the DS0056 is very low
and will reduce the amplitude of the spikes.

+5V +8V +8V

L oo |

0.14F

LY
TL/F/7322-6
FIGURE 6. Use of DS0056 to Minimize
Clock Line Cross Talk

Input Capacitive Coupling

Generally, MOS shift registers are powered from +5V and
—12V supplies. A level shift from the TTL levels (+5V) to
MOS levels (—12V) is therefore required. The level shift
could be made utilizing a PNP transistor or zener diode. The
disadvantage to dc level shifting is the increased power dis-
sipation and propagation delay in the level shifting device.
Both the DS0025, DS0026 and DS0056 utilize input capaci-
tors when level shifting from TTL to negative MOS capaci-
tors. Not only do the capacitors perform the level shift func-
tion without inherent delay and power dissipation, but as will
be shown later, the capacitors also enhance the perform-
ance of these circuits.

CONCLUSION

The practical aspects of driving MOS memories with low
cost clock drivers has been discussed in detail. When the
design guide lines set forth in this paper are followed and
reasonable care is taken in circuit layout, the DS0025,
DS0026 and DS0056 provide superior performance for
most MOS input interface applications.
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APPENDIX |

DS0025 Circuit Operation

The schematic diagram of the DS0025 is shown in Figure 7.
With the TTL driver in the logic “0” state Q1 is “OFF” and
Q2 is “ON” and the output is at approximately one Vgg
below tfie V* supply.

O oUTPUT

< 2 OV
TL/F/7322-7
FIGURE 7. DS0025 Schematic (One-Half Circuit)




When the output of the TTL driver goes high, current is sup-
plied to the base of Q1, through Cyn, tuming it “ON.” As the
collector of Q1 goes negative, Q2 tums “OFF." Diode CR2
assures tum-on of Q1 prior to Q2’s turn-off minimizing cur-
rent spiking on the V+ line, as well as providing a low im-
pedance path around Q2's base emitter junction.

The negative voliage transition (to MOS logic “1") will be
quite linear since the capacitive load will force Q1 into its
linear region until the load is discharged and Q1 saturates.
Tum-off begins when the input current decays to zero or the
output of the TTL driver goes low. Q1 tumns “OFF" and Q2
turns “ON" charging the load to within a Vge of the V+
supply.

Rise Time Considerations

The logic rise time (voltage fall) of the DS0025 is primarily a
function of the ac load, Cy, the available input current and
total voltage swing. As shown in Figure 8, the input current

vt

TL/F/7322-8
FIGURE 8. Rise Time Model for the DS0025

must charge the Miller capacitance of Q1, Cre, as well as
supply sufficient base drive to Q1 to discharge C rapidly.
By inspection:

IN=Im+ g+ IR1 (Al-1)
IN = Iy + Ig, for Iy > Igy and Is > Igy

g =1 Bt
B =INn~Cre (Al-2)

If the current through R2 is ignored,

lc =lghreqi = I + Iy (AI-3)
where:
AV
| =C —
L=0 3

Combining equations Al-1, Al-2, and Al-3 yields:
AV
at 6L+ Cre(hrear + 1)] = heeqy Iy (Al-4)

or
) [CL + (hreqt + 1)Crcl AV
, = —L AFEQ1 T 1)o10] AV

Al-5
hreQ1 I (Al-5)

Equation (Al-5) may be used to predict t, as a function of CL
and AV. Values for Crc and hgg are 10 pF and 25 pF re-
spectively. For example, if a DM7440 with peak output cur-
rent of 50 mA were used to drive a DS0025 loaded with
1000 pF, rise times of:

(1000 pF + 250 pF) (17V)
(50 mA) (20)

or 21 ns may be expected for V+ = 50V, v— = —1ov.
Figure 9 gives rise time for various values of C..
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FIGURE 9. Rise Time vs C_for the DS0025
Fall Time Considerations
The MOS logic fall time (voltage rise) of the DS0025 is dic-
tated by the load, C(, and the output capacitance of Q1. The
fall time equivalent circuit of DS0025 may be approximated

€
4 10pF
X T p T .
{ ) TL/F/7322-10

FIGURE 10. Fall Time Equivalent Circuit

with the circuit of Figure 70. In actual practice, the base
drive to Q2 drops as the output voltage rises toward V+. A
rounding of the waveform occurs as the output voltage
reaches to within a volt of V+. The result is that equation
(Al-7) predicts conservative values of t; for the output volt-
age at the beginning of the voltage rise and optimistic val-
ues at the end. Figure 171 shows t; as function of CL.
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FIGURE 11. DS0025 Fall Time vs CL




Assuming heg; is a constant of the total transition:

(%=")
AV _ 2R2

- (Al-6)
At Crcar + Cu/hegqr +1
or
t = 2R2 (CTom L ) (Al-7)
hFEQ+1

DS0025 Input Drive Requirements

Since the DS0025 is generally capacitively coupled at the
input, the device is sensitive to current not input voltage.
The current requized by the input is in the 50-60 mA region.
ltis therefore a good idea to drive the DS0025 from TTL line
drivers, such as the DM7440 or DM8830. It is possible to
drive the DS0025 from standard 54/74 series gates or flip-
flops but ton and t, will be somewhat degraded.

Input Capacitor Selection

The DS0025 may be operated in either the logically con-
trolled mode (pulse width out = pulse width in) or Cyy may
be used to set the output pulse width. In the latter mode a
long pulse is supplied to the DS0025.

Iin
]

Imax[-—— o

TURN-OFF OF Q1
0.6V

250Q

I =

TL/F/7322-12
FIGURE 12. DS0025 Input Current Waveform

The input current is of the general shape as shown in Figure
72. Imax is the peak current delivered by the TTL driver into
ashort circuit (typically 50-60 mA). Q1 will begin to turn-off
when Iy decays below Vee/R1 or about 2.5 mA. In general:
IIN = Imax e TVRO Gy (Al-8)

where:

RO Oulput impedance of the TTL driver

Cin = Input coupling capacitor

Il

Vv
Substituting iy = Iyn = RL:E and solving for ty yields:

IMAX

t1 = ROCyy In—=
IMIN (Al-9)
The total pulse width must include rise and fa!! lime consid-
erations. Therefore, the total expression for pulse width be-

comes:
tr+ t
tow = 4 t,
bttt (A1-10)

|
+ ROCy In IM——AX

L

The logic “1" output impedance of the DM7440 is approxi-
mately 650 and the peak cument (Imax) is about 50 mA.
The pulse width for Cjy = 2,200 pFis:

25ns + 150 ns
S

50 mA
25mA

A plot of pulse width for various types of drivers is shown in
Figure 13. For applications in which the outout pulse width is
logically controlled, Cyy should be chosen 2 to 3 times larg-
er than the maximum pulse width dictated by equation
(AI-10).

DC Coupled Operation

The DS0025 may be direct-coupled in applications when
level shifting to a positive value only. For example, the
MM1103 RAM typically operates between ground and
+20V. The DS0025 is shown in Figure 14 driving the ad-
dress or precharge line in the logically controlled mode.

If DC operation to a negative level is desired, a level transla-
tor such as the DS7800 or DH0034 may be employed as
shown in Figure 15. Finally, the level shift may be accom-
plished using PNP transistors are shown in Figure 16.
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APPENDIX II
D$S0026 Circuit Operation

The schematic of the DS0026 is shown in Figure 17. The
device is typically AC coupled on the input and responds to
input cument as does the DS0025. Internal current gain al-

lows the device to be driven by standard TTL gates and flip-
flops.

With the TTL input in the low state Q1, Q4, Q5, and Q6 are
“CFF” allowing Q7 and Q8 to come “ON.” R9 assures that
the output will pull up to within a Vgg of V+ volts. When the
TTLinput starts toward logic “1,” current is supplied via Cjy
to the bases of Q5 and Q6 turning them “ON.” Simulta-
neously, Q7 and Q8 are snapped “OFF.” As the input volt-

age rises (to about 1.2V), Q1 and Q4 turn-on. Multiple emit-
ter transistor Q1 provides additional base drive to Q5 and
Q6 assuring their complete and rapid turn-on. Since Q7 and
Q8 were rapidly turned “OFF” minimal power supply current
spiking will occur when Q9 comes ““ON.”
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FIGURE 17. DS0026 Schematic (One-Half Circuit)




Q4 now provides sufficient base drive to Q9 to turn it “ON.”
The load capacitance is then rapidly discharged toward V—.
Diodes D6 and D7 prevent avalanching Q7’s and Q8's
base-emitter junction as the collectors of Q5 and Q6 go
negative. The output of the DS0026 continues negative
stopping about 0.5V more positive than V—.

When the TTL input returns to logic “0,” the input voltage to
the DS0026 goes negative by an amount proportional to the
charge on Cyn. Transistors Q2 and Q3 turn-on, pulling
stored base charge out of Q4 and Q9 assuring their rapid
tum-off. With Q1, Q5, Q6 and Q9 “OFF,” Darlington con-
nected Q7 and Q8 turn-on and rapidly charge the load to
within a Vgg of V+.

Rise Time Considerations

Predicting the MOS logic rise time (voltage fall) of the
DS0026 is considerably involved, but a reasonable approxi-
mation may be made by utilizing equation (Al-5), which re-
duces to:

t = [C_ + 250 X 10—12] AV (All-1)
For Ci = 1000 pF, V¥ = 5.0V,V—= = —12V, t, = 21 ns.
Figure 18 shows DS0026 rise times vs Cj.
25
L -]
s I~
= /4/”
b Vv =2 AV vy
CI 1
H /
=
g 40 /,4
R0 = 580
Ta=25°C ]
5 I _lal |

0D 200 400 600 800 1000 1200
LOAD CAPACITANCE (pF)
TL/F/7322-18
FIGURE 18. Rise Time vs Load Capacitance
Fall Time Considerations
The MOS logic fall time of the DS0026 is determined primar-
ily by the capacitance Miller capacitance of Q5 and Q1 and
RS. The fall time may be predicted by:

CL )
t = (2.2)(R5) | Cg + ——
f = (2.2)( )( St hee2
(All-2)
CL
=(4.4x103) | Cg + —
hrg2
where:
Cs = Capacitance to ground seen at the base of Q3
= 2pF
hre2= (hreqa + 1) (hreQa + 1)
= 500

For the values given and C_ = 1000 pF, ti = 175 ns.
Figure 19. gives t; for various values of C;.
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FIGURE 19. Fall Time vs Load Capacitance
DS0026 Input Drive Requirements
The DS0026 was designed to be driven by standard 54/74
elements. The device's input characteristics are shown in
Figure 20. There is breakpoint at Viy = 0.6V which corre-
sponds to turn-on of Q1 and Q2. The input current then
rises with a slope of about 6009 (R2 || R3) until a second
breakpoint at approximately 1.2V is encountered, corre-
sponding to the turn-on of Q5 and Q6. The slope at this
point is about 1500 (R1 || R2 || R3 || R4).
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FIGURE 20. Input Current vs Input Voltage

The current demanded by the input is in the 5-10 mA re-
gion. A standard 54/74 gate can source currents in excess
of 20 mA into 1.2V. Obviously, the minimum “1” output volt-
age of 2.5V under these conditions cannot be maintained.
This means that a 54/74 element must be dedicated to driv-
ing 1/2 of a DS0026. As far as the DS0026 is concerned,
the current is the determining turn-on mechanism not the
voltage output level of the 54/74 gate.
Input Capacitor Selection
A major difference between the DS0025 and DS0026 is that
the DS0026 requires that the output pulse width be logically
controlled. In short, the input pulse width = output pulse
width. Selection of Gy boils down to choosing a capacitor
small enough to assure the capacitor takes on nearly full
charge, but large enough so that the input currert does not
drop below a minimum level to keep the DS0026 “ON.” As
before:

IMAX

ty = ROCiy In " MIN (All-3)
or
Y
Cn = e (All-4)
RO In MAX

IMIN




In this case RO equais the sum of the TTL gate output im-
pedance plus the input impedance of the DS0026 (about
15092). Imyn from Figure 21 is about 1 mA. A standard 54/74
series gate has a high state output impedance of about
150Q in the logic “1" state and an output (short circuit)
current of about 20 mA into 1.2V. For an output pulse width
of 500 ns, .
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In actual practice it's a good idea to use values of about
twice those predicted by equation (All-4) in order to account
for manufacturing tolerances in the gate, DS0026 and tem-
perature variations.

A plot of optimum value for Cy vs desired output pulse
width is shown in Figure 22.
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DC Coupled Applications
The DS0026 may be applied in direct coupled applications.
Figure 23 shows the device driving address or pre-charge
lines on an MM1103 RAM.
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Precharge Driver (Positive Supply Only)
For applications requiring a dc level shift, the circuits of Figure 24 or 25 are recommended.
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FIGURE 24. Transistor Coupled MOS Clock Driver
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APPENDIX ill
MOS Interface Circuits
MOS Clock Drivers

MHO0007  Direct coupled, single phase, TTL compatible

clock driver.
MHO009  Two phase, direct or ac coupled clock driver.

MHO0012
er..

Two phase, ac coupled clock driver.

Low cost, two phase clock driver.

Low cost, two phase, high speed clock driver.
Quad MOS clock driver.

Dual TTL-to-MOS driver.

Quad TTL-to-MOS driver.

Memory Address and Precharge Drivers
DS0025C  Dual address and precharge driver.

DS0026C  Dual high speed address and precharge driver.
TTL to MOS Interface

DHOO34  Dual high speed TTL to negative level convert-
er.

MH0013
DS0025C
DS0026C
DS3674
DS75361
DS75365
MOS RAM

10 MHz, single phase direct coupled clock driv-

DS8800 Dual TTL to negative level converter.
DS88L12 Active pull-up TTL to positive high level
MQOS converter gates.

DS3647A Quad TRI-STATE® MOS driver 1/0 regis-

ter.
DS3648/DS3678 TRI-STATE MOS driver multiplexer.
DS3649/DS3679 Hex TRI-STATE MOS driver.

DS36149/ Hex TRI-STATE MOS driver.
DS36179

MOS to TTL Converters and Sense Amps

DS75107, Dual sense amp for MM1103 1k MOS
Voltage Regulators for MOS Systems

LMB309, LM340  Positive regulators.

Series
LM320 Series Negative regulators.
LM325 Series Dual = regulators.
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DS8830 or DM7440. The

i.e., the output pulse width

The DS0026 is designed
interface requirements. As

Information on the correct
well as other systems is
AN-76.

National Semiconductor

DS0026 5 MHz Two Phase MOS Clock Driver

General Description

DS0026 is a low cost monolithic high speed two phase MOS
clock driver and interface circuit. Unique circuit design pro-
vides both very high speed operation and the ability to drive
large capacitive loads. The device accepts standard TTL
outputs and converts them to MOS logic levels. Tiie device
may be driven from stancard 54/74 series and 54S/74S
series gates and flip-flops or from drivers such as the

tions in which the output pulse width is logically controlled;

con-gate shift registers, a single device can drive over 10k
bits at 5 MHz. Six devices provide input address and pre-
charge drive for a 8k by 16-bit 1103 RAM memory system.

February 1995

Features

B Fast rise and fall times—20 ns 1000 pF load

High output swing—20V

High output current drive—+ 1.5 amps

TTL compatible inputs

High rep rate—5 to 10 MHz depending on power dissi-
pation

Low power consumption in MOS “0” state—2 mwW
Drives to 0.4V of GND for RAM address drive

DS0026 is intended fcr applica-

is equal to the input pulse width.

to fulfill a wide variety of MOS
a MOS clock driver for long sili-

usage of the DS0026 in these as
included in the application note

Connection Diagrams (rop Views)

Dual-In-Line Package

NC OUTA V' ouTs

TO-8 Package

ronls Il

A

NC INA ' = INB
TL/F/5853-2
Order Number DS0026CJ-8, Ds‘)s(’::ﬁ ;L:;?:z:ce
DS0026CL or DS0026CN ol G 2g
See NS Package Number
JOBA or NOSE
Dual-In-Line Package
vy O OUTE KT mne Ne L
lu J£ '12 ln 0 || Il
ll ]z [3 ]l 5 ]I |7
NC NC QUTA NC INA NC | i TL/F/5853-4
Order Number
DS0026J or DS0026CJ
See NS Package
Number J14A

TL/F/5853-3

2 3 ln
Order Number

©1995 National Semiconductor Corporation

TL/F/5853 RAD-B30M105/Printed in U. S. A.
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Absolute Maximum Ratings (vote 1)

If Miiitary/Aerospace specified devices are required, EIAJ SO Package 800 mW
Offica/Diabutors or avammehit a cnductor Seles oy eershre Rangs iz
V+ — V- Differential Voltage 22v DS0026C 0°Cto +70°C
Input Current 100 mA Storage Temperature Range —65°Cto +150°C
Input Voltage (Viy — V—) 5.5V Lead Temperature (Soldering, 10 sec.) 300°C
Peak Output Current 1.5A * Derate B-pin cavity package 7.7 mW/°C above 25°C; derate 14-pin cavity
ok oy T omw oS nwrt s e e e T
Cavity Package (14—Pin) 1380 mwW derate EIAJ SO package 5.5 mW/°C above 25°C. i
Molded Package 1040 mwW
Electrical Characteristics (otes 2 and3)
Symbol Parameter Conditions Min Typ Max Units
Vi Logic “1" Input Voltage V— =0V 2 1.5 1
i1 Logic “1” Input Current VIN =V~ =24V 10 15 mA
ViL Logic “0" Input Voltage V- =0V 0.6 0.4 \
IiL Logic “0” Input Current VIN=V- =0V | ~10 RA
VoL Logic “1” Output Voltage | Viy — V- = 2.4V, oL = 1mA V=407 | V- +1.0 \
Vox Logic “0” Output Voltage | Vjy — V— = 0.4V,Vgs > V* + 1.0V v TN ™08 v
loH= —1mA
lccony | ““ON” Supply Current V+ —V= =20V,Vjy — V- = 2.4V 30 40 _
(one side on)
lcciorF) | ““OFF” Supply Current V+ — V- = 20v, 70°C 10 100 pA
ViN = V- =0V 125°C 10 500 BA
Switching Characteristics (7, = 25:) (Notes 5 and 6)
Symbol Parameter Conditions Min Typ Max Units
ton Turn-On Delay (Figure 1) 5 7.8 12 ns
(Figure 2) 11 ns
torr Turn-Off Delay (Figure 1) 12 15 ns
(Figure 2) 18 ns
t Rise Time (Figure 1), G = 500 pF 15 18 ns
(Note 5) CL = 1000 pF 20 35 ns
(Figure 2), Cp = 500 pF 30 40 ns
(Note 5) CL = 1000 pF 36 50 ns
t Fall Time (Figure 1), CL = 500 pF 12 16 ns
(Note 5) Cp = 1000 pF 17 25 ns
(Figure 2), C_ = 500 pF 28 35 ns
(Note 5) CL = 1000 pF 31 40 ns

Note 1: “‘Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device
operation.

Note 2: These specifications apply for V+ — V= = 10V to 20V, G = 1000 pF, over the temperature range of —55°C to +125°C for the DS0026, and 0°C to
+70°C for the DS0026C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Al typical values for Ta = 25°C.

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0" to logic ““1"" which is voltage fall.

Note 6: The high current transient (as high as 1.5A) through the resistance of the internal interconnecting V — lead during the output transition from the high state to
the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to V- is electrically long, or has significant dc
resistance, it can subtract from the switching response.




Typical Vgg Connection
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Vg = +8V
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Typical Performance Characteristics
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Schematic Diagram

1/2 DS0026
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Typical Applications
AC Coupled MOS Ciock Driver

v

T

c1
1008 pf
2 1
—THO—]— LI
TWO PHASE CLK
bssazsch TOSHIFT
« REQISTERS OR AAMS
1008 p¢
4 5
o e— LY
SATASERIES
GATES AND FLOPS

TL/F/5853-16

DC Coupled RAM Memory Address or Precharge
Driver (Positive Supply Only)

v
100 pF
{e
2 1
*®
100 pF 0 ADDRESS
psausca LINES ON
MEMORY SYSTEM
4 §
LI
&
1/20M7400
_{
TL/F/5853-17

Application Hints

DRIVING THE MM5262 WITH THE
DS0026 CLOCK DRIVER

The clock signals for the MM5262 have three requirements
which have the potential of generating problems for the
user. These requirements, high speed, large voltage swing
and large capacitive loads, combine to provide ample op-
portunity for inductive ringing on clock lines, coupling clock
signals to other clocks and/or inputs and outputs and gen-
erating noise on the power supplies. All of these problems
have the potential of causing the memory system to mal-
function. Recognizing the source and potential of these
problems early in the design of a memory system is the
most critical step. The object here is tc point out the source
of these problems and give a quantitative feel for *heir mag-
nitude.

Line ringing comes from the fact that at a high enough fre-
quency any line must be considered as a transmission line
with distributed inductance and capacitance. To see how
much ringing can be tolerated we must examine the clock
voltage specification. Figure 3 shows the clock specifica-
tion, in diagram form, with idealized ringing sketched in. The

ringing of the clock about the Vgg level is particularly critical.
If the Vggs — 1 VoH is not maintained, at a times, the infor-
mation stored in the memory could be altered. Referring to
Figure 1, if the threshold voltage of a transistor were —1.3V,
the clock going to Vgg — 1 would mean that all the devices,
whose gates are tied to that clock, would be only 300 mV
from turning on. The internal circuitry needs this noise mar-
gin and from the functional description of the RAM it is easy
to sec that tuming a clock on at the wrong time can have
disastrous results.

Vgg +1
Vs J\/\n——
Vgs — 1 f

“Vroam

Vpo *1
g \ /
v v

Voo ?‘; jv/\

*Vr gy = Misineum threshold voltags.
TL/F/5853-18
FIGURE 3. Clock Waveform

Controlling the clock ringing is particularly difficult because
of the relative magnitude of the allowable ringing, compared
to magnitude of the transition. In this case itis 1V out of 20V
or only 5%. Ringing can be controlled by damping the clock
driver and minimizing the line inductance.

Damping the clock driver by placing a resistance in series
with its output is effective, but there is a limit since it also
slows down the rise and fall time of the clock signal. Be-
cause the typical clock driver can be much faster than the
worst case driver, the damping resistor serves the useful
function of limiting the minimum rise and fall time. This is
very important because the faster the rise and fall times, the
worse the ringing problem becomes. The size of the damp-
ing resistor varies because it is dependent on the details of
the actual application. It must be determined empirically. In
practice a resistance of 10§ to 2092 is usually optimum.
Limiting the inductance of the clock lines can be accom-
plished by minimizing their length and by laying out the lines
such that the return current is closely coupled to the clock
lines. When minimizing the length of clock lines it is impor-
tant to minimize the distance from the clock driver output to
the furthest point being driven. Because of this, memory
boards are usually designed with clock drivers in the center
of the memory array, rather than on one side, reducing the
maximum distance by a factor of 2.

Using multilayer printed circuit boards with clock lines sand-
wiched between the Vpp and Vgs power plains minimizes
the inductance of the clock lines. It also serves the function
of preventing the clocks from coupling noise into input and
output lines. Unfortunately multilayer printed circuit boards
are more expensive than two sided boards. The user must
make the decision as to the necessity of multilayer boards.
Suffice it to say here, that reliable memory boards can be
designed using two sided printed circuit boards.




Application Hints (continued)

+5V

Vour

-15V e
1 AMIP
I
-1 AMP

+8.5V
Vour
1000 pF

_C xav
At
10°F - 20V
=1A
20x 10 %sec

L.

TL/F/5853-19

FIGURE 4. Clock Waveforms (Voltage and Current)
Because of the amount of current that the clock driver must
supply to its capacitive load, the distribution of power to the
clock driver must be considered. Figure 4 gives the ideal-
ized voltage and current waveforms for a clock driver driving
21000 pF capacitor with 20 ns rise and fall time.

As can be seen the current is significant. This current flows
inthe Vpp and Vgs power lines. Any significant inductance
inthe lines will produce large voltage transients on the pow-
er supplies. A bypass capacitor, as close as possible to the
clock driver, is helpful in minimizing this problem. This by-
pass is most effective when connected between the Vss
and Vpp supplies. The size of the bypass capacitor de-
pends on the amount of capacitance being driven. Using a
low inductance capacitor, such as a ceramic or silver mica,
is most effective. Another helpful technique is to run the
Vop and Vgg lines, to the clock driver, adjacent to each
other. This tends to reduce the lines inductance and there-
fore the magnitude of the voltage transients.

While discussing the clock driver, it should be pointed out
that the DS0026 is a relatively lrw input impedance device.
Itis possible to couple current noise into the input without
seeing a significant voltage. Since the noise is difficult to
detect with an oscilloscope it is often overlooked.

Lastly, the clock lines must be considered as noise genera-
tors. Figure 5 shows a clock coupled through a parasitic
coupling capacitor, Cg, to eight data input lines being driven
by a 7404. A parasitic lumped line inductance, L, is also
shown. Let us assume, for the sake of argument, that Cg is
1 pF and that the rise time of the clock is high enough to
completely isolate the clock transient from the 7404 be-
cause of the inductance, L.

Vss
TL/F/5853-20

FIGURE 5. Clock Coupling

With a clock transition of 20V the magnitude of the voltage
generated across Cy is:
V=20VX—CC—=20V><<
CL + Cc 56 +1
This has been a hypothetical example to emphasize that
with 20V low rise/fall time transitions, parasitic elements
can not be neglected. In this example, 1 pF of parasitic
capacitance could cause system malfunction, because a
7404 without a pull up resistor has typically only 0.3V of
noise margin in the “1" state at 25°C. Of course it is stretch-
ing things to assume that the inductance, L, completely iso-
lates the clock transient from the 7404. However, it does
point out the need to minimize inductance in input/ output as
well as clock lines.
The output is current, so it is more meaningful to examine
the current that is coupled through a 1 pF parasitic capaci-
tance. The current would be:
AV 1x10-12x 20
l=CcX—=—""—"——""—
At 20 X 10-9
This exceeds the total output current swing so it is obviously
significant.
Clock coupling to inputs and outputs can be minimized by
using multilayer printed circuit boards, as mentioned previ-
ously, physically isolating clock lines and/or running clock
lines at right angles to input/output lines. All of these tech-
niques tend to minimize parasitic coupling capacitance from
the clocks to the signals in question.

In considering clock coupling it is also important to have a
detailed knowledge of the functional characteristics of the
device being used. As an example, for the MM5262, cou-
pling noise from the $2 clock to the address lines is of no
particular consequerice. On the other hand the address in-
puts will be sensitive to noise coupled from ¢1 clock.

) = 0.35V

=1mA




Packaging Information

0.206:+0.004
(5.250£0.100)
0.31140.008
(g-ﬁ) {7.900£0.200)
‘ 0.209+0.004
-G {5.300£0.100)
0012 _ 0.030 0.015:+0.002
0305 | foog) 1 M I~"{ga0zoosy "
0.039

0.004 (1.00) 0.080
22 pax MAX 5
(0.100) 7Y 50 (2.030) d I‘\ R 0.008
i ¢ / (0.200)

ty /% %\1\: ANV

0.028 £0.002
A y & ? {0.720%0.050)
. o4 Tve 0.004:30.004
(0.200) (6.604) 0.050+0.004 (0.100£0.100)
0.025 {1.270£0.100)
T v

8-Lead Surface Mount Package
Order Number DS0026CL
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Physical Dimensions inches (milimeters)

0.545—0.555
(:.;::::.:;) "_(‘_n.m-' L | 0.8%0
i " i
-AP l
, i
0.630
0.500 @182
1279 MAX
MIN UNCONTROLLED
| LEAD DIA
0.016-0.019
¢ [~ foa—0.am)
DIA TYP

0.595—0.608
(15.113—15.403)
DIA

0.028-0.036
{0.680-0.914)

0.026 —0.036
(0.660—0.914)

Metal Can Package (G)
Order Number DS0026G or DS0026CG
NS Package Number G12B

QBAREVQ




Physical Dimensions inches (milimeters) (Continued)

0.400 MAX ——»]
R0.010 TYP—\'_FI_—F] —

Pt

0.220  0.310 MAX
0.291 GLASS

R0.025 TYP l l

Ll L BT LT

0.045
g T‘_ 0.065 """

0.290 —-1 |«— 0.005 GLASS
0.320 MIN /— SEALANT

o N
4 MAX 0.200 0.020
MAX 0.060
r i f ‘ 0.150
0.125 MIN
: 0.200 I
A 90° £ 4° TYP
95E SR 7 0.310 ! 0.055 MAX —]
, 0.410 ' BOTH ENDS 1 1
0.008 TYP 0.018 £0.003 TYP
0.012
0.100£0.010 TYP J08A (REV K)
Ceramic Dual-In-Line Package (J)
Order Number DS0026CJ or DS0026J
NS Package Number JOSA
0.785
(19.939)
MAX
o Ta] [13] [iz] [ o] [o] [3]
(0.635)
RAD 0.220-0.310
(5.588-7.874)
Ll 2] [af [a] TsT [T [T
0.290-0.320 0.005 0.200
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—
: SEA*'-A'" {1,524 £0.127) MAX 0 620-0.060
om0 | =nm (0.508—1.524)
(@. 572)
f 95° +5° 86°34° TYP N L ‘
10° MAX * 0.008-0.012
|| 0310-0410 | (0.203-0.305) 0.018 £0.003 ,_”‘
(7874-1041) 10 }<_ (0.457 £0.076) ST
(2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 £0.010 0.150
{2.540 £0.254) @el
MIN J14A (REV G)

Ceramic Dual-In-Line Package (J)
Order Number DS0026J or DS0026CJ
NS Package Number J14A




HCPL2530, HCPL2531
OPTOCOUPLERS/OPTOISOLATORS

SO08016 D315, APRIL 1988

® Compatible with TTL Inputs ® High-Voitage Electrical

® High-Spsed Switching . . . 1 Mbit/s Typ HiBtration s » « 000"V DL B
® Bandwidth . . . 2 MHz Typ ® Gpen-Coliector Output

®

High Common-Mode Transient ® UL Recognized . . . File Number 65085

Immunity . . . 1000 V/us Typ

dascription

These high-speed optocouplers are designed for use in analog or digital interface applications that require
high-voltage isolation between the input and output. Applications include line receivers that require high
common-mode transient immunity, and analog or logic circuits that require input-to-output electrical
isolation.

Each HCPL2530 and HCPL3531 optocoupter consists of two light-emitting diodes and two integrated photon
detectors. Each detector is composed of a photodiode and an open-collector output transistor. Separate
connections are provided for the photodiode bias and the transistor collector output. This feature, which
reduces the transistor base-to-collector capacitance, results in speeds up to ona hundred times that of
a conventional phototransistor optocoupler.

The HCPL2530 is designed for TTL/ICMOS, TTL/LSTTL, and wide-band analog applications.
The HCPL2531 is designed for high-speed TTL/TTL applications.

mechanical data

Terminal connections:
Anode 1

che OO0
Cathods 2

Anode 2 I l I l ] l
GMNO (Emitteras
Outpul 2
Output 1

vcc

PNOMBWN
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© o eme S e § A
‘ OFORORO)
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16 (02801 ¢
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\! 2.92 (0.115] MIN : 0.457 . 0.076
03310013 e : ol |01 -0 002
0.1B (0007 1.40 10 055! 2.79 10 110} 8 PLACES

.76 10 030! 229 (0 030!
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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HCPL2530, HCPL2531
OPTOCOUPLERS/OPTOISOLATORS

schematic

8}

Tl
ANCDE 1 —— —T Vee

=3

17)

&5 OUTPUT 1
[

CATHODE 1 o | '/

14)
ANOCDE 2
—
b ;
(61
4 QUTPUT 2
CATHODE 2 —=! h_ﬁ

151

GND

absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)

Supply and output voltage range, peeRmodn ol V. \& Peny Freerd. ) . -0.5Vto 15V

Reverse input voltade fedchSeifanahlil \8/ 1y KEHIR Y \Y/ Lol VW .2 "\

.. bV

Peak input forward current {each channel) (pulse duration = 1 ms, 50% duty cycle, see Note 1) 50 mA

Peak transient input forward current (each channel] (pulse duration = 1 pus, f = 300 Hz}. . . . .. 1A
Average forward input current {each channel) Isee Note 2} . .. ... .. .. . ... .. . 25 mA
Peak output current (each chafnelfsite e’ A/ANTATATATAN . coer o A~ = § 16 mA
Average output current (each chamnell . .. .. ... 8 mA
Input power dissipation at {or below) 70°C free-air temperature
{each channetl{seesiote | NIy SN . 3. . W% WS  ~. 11, 45 mW
Output power dissipation at (or below) 70°C free-air temperature
(each channel) (see Note 4). .. . ... .. ... .. . . . el W S & 35 mW
Storage temperature range . ... ........ ... .. ~55°C to 125°C
Operating free-air temperature range .. ... . ... ... ... . . Y/ . SR -55° to 100°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . ... . .. PR VO & SEN 260°¢C
NOTES: 1. Derste linearly above 70°C free-air temperature at the rate of 1.67 mA/°C.
2. Derate linearly above 70°C free-air temperature at the rate of 0.83 mA:°C.
3. Derate linearly above 70°C free-air temperature at the rate of 1.50 mW:°C.
4. Deratg linearly above 70°C free-air tempsrature at the rate of 1.17 mwW:°C.
2

TeExas "?
INSTRUMENTS

POST OFFICE BOY BS55303 - DALLAS TEXAS 752856



HCPL2530, HCPL2531
OPTOCOUPLERS/OPTOISOLATORS

olac.t.;i'cal characteristics over operating free-air temperature range of 0°C to 70 °C (unless otherwise
not

HCPL2530 HCPL2631
PARAMETER TEST CONDITIONS UNIT
MIN TVPT  MAax | MW TYPT  max
VE Input forward voltage I = 16 mA, TA = 25°C 1.6 1.7 1.6 1.7 \
Temperature coalficient _
YE of forward voltage i =43 ~14 mviec
VBR _ Input breakdown voltage [ Ig = 10 xA, Ta = 25°C 5 S vV
Vv =45V, = L ) ! ;
VoL Low-level output voitage cc =48V Gl = .l mA 2 s \
I = 16 mA loL = 2.4 mA 0.1 0.5
IF1 = tf2 = Og| Vcc = Vor =
. 3 500
| High-level Ta = 25°C Vo2 = 5.5V 3 500 A
OoH output current VCC = Vo‘ = Vp2 = 15V,
50 50 uA
IF1 = lr2 =0
Supply current, \% =185V, | =l =0,
IcCH Y cc 01 02 4 4 s
bigh-level output If1 = g2 = O
s Supply current, Vee = 1S v, g1 = 1oz = 0.
CCL 8
fow-level output g1 = g2 = 16 mA = . A
Vee = 4.5V, Vo = 05V,
CTR  Current transfer ratio 'F = 16 mA, TAS 2890 7% 18% 19% 24%
See Note §
\% =45V, Vo = 0.5V,
CTR  Current transfer ratio cc e 3 5% 15%
IF = 16 mA, See Nots 5
- Inp.u(~output Vig = 500V, T A= 25°C, 1012 1012 Q
resistance See Note 6
input-output Vid = BVEOV At § BFs)
lio insulation T A=) 252 RH = 45%, 1 1 A
teakage current See Note 6
C, {nput capacitance Vg = 0, f = 1 MHz 60 60 pF
loput-output
G putrodtou t =1 MHz, See Note 6 0.6 0.6 pF
capacitance
-1 ) = = o
" input-input Vii = 500 V. Ta = 25°C 1011 Tt ~
resistance See Naote 7
Input-input Vii = 500 V. t =565,
fii insulation Ta = 25°C, Rp = 45%, 0.0085 0.008 1A
leakage current See Note 7
i = = o
G Input-input f =1 MHz, Ta = 25°C, 0.25 0.25 pF
capacitance See Note 7

Al typical values are at T = 25°C.

NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Igy ta the forward LED input current If times 100%.
6. These parameters are measured betwsen pins 2 and 3 shorted together and pins 5, 6, 7. and B shorted together.
7. These parameters are measured between pins 1 and 2 shorted together and pins 3 and 4 shorted together.

Texas ‘{?
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HCPL2530, HCPL2531

OPTOCOUPLERS/OPTOISOLATORS

operating characteristics at VoC = 5 V, If = 16 mA., TA = 25°C

HCPL2630 HCFL2631

PARAMETER EST DITION: }

¥ CONDNONS MIN TYP MAX MIN TYP MAX .
BW Bandwidth { - 3 dB) RL = 100 0, See Note 8 2 2 MH2

NOTE 7: Bandwidth is the

range of frequencies within which the ac output vohage is not more than 3 dB below the low-frequency value.

switching characteristics at Vo = 5 V, If = 16 mA, TA = 25°C (unless otherwise noted)

HCPL2530 HCPL2531
PARAMETER ST CONDITH UNIT
TE ce oS MIN TYP MAX MIN TYP MAX
RL = 4.1 kR, See Note 9, 10 15
s Propagation delay time. | See Figure 1 ) ) -
- . u
low-10-high-fevel t =19k ,
ig vel output| R -1 9 kQ, See Note 10 0.6 08
See Figure 1
RL = 4.1 kA, See Note 9,
i : . . 0.7 T
. Prapegation delay time, | See Figure 1 s
PHL high-to-low-leve! output| R = 1.9 kN, See Notg 10, 06 o8 g
See Figure 1 ' ’
aAVep = 10V, I =0,
RL = 4.1 ki, See Notes 9 and 10, 1000
Y Common-mode input Bee Fioliala
2Em (H) transient immunity, e o Vius
& high-leve! output AVEM £710Voy Me STk
-lev outpu
f p AL = 1.9k, See Notes 10 and 11, 1000
See Figure 2
AV, =10V, R_ = 4.1kf.
Common-maode input CN,' 5 - 1000
dVem See Figure 2, See Notes 8 and 11, ;
ot (L} transient immunity, L v ron s IR Vius
low-level output CN,' { 1P ¢ - 1000
See Figure 2, See Nates 10 and 11
NOTES: 9. The 4.1-k® load represents ane LSTTL unit load of 0.36 mA and a 6.1-kQ2 pullup resistor.
10. The 1.9-k@ load represents gne TTL uait load of 1.6 mA and a 5. 6-kQ pullup resistor.

1.

Common-mode transient immunity, high-level output, is the maximum rate of nse of the common -mode input voltage that

does not cause the output voitage to drop below 2 V. Common-mode input transiant iImmunity, low-level output, is the maximum
rate of fall of the common-mode input voltage that does not cause the output voltage 10 rise above 0.8 V

Texas Y&
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HCPL2530, HCPL2531
OPTOCOUPLERS/OPTOISOLATORS

semER s

PARAMETER MEASUREMENT INFORMATION

—————
PULSE | 6V
GENERATOR
Z, = 50 0 —>
t, ~5ns -
INPUT CURRENT OuUTPUT
MONSTOR
s e e CL = 15 pF

’ I TlS« Note A)
I GND

TEST CIRCUIT (EACH CHANNEL)

INPUT
CURRENT ——l—]_o y
| |
i N2
OUTPUT l |
VOLTAGE | |
|1 Y M AL
TR i Vi - e thn
WAVEFORMS

NOTE A: C includes probe and stray capacitance.

FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS

Texas '&9
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HCPL2530, HCPL2531
OPTOCOUPLERS/OPTOISOLATORS

PARAMETER MEASUREMENT INFORMATION

GENERATOR =
TEST CIRCUIT (EACH CHANNEL)

dvem _ 8V
dt te or tf
MOV— ——
GENERATOR 90% 90% t = 8 ns TYP
10% o | I\ 108 1¢ = 8 ns TYP
! 1 : (§
— -t o -
ouUTPUT - 5 v
SWITCH AT A: Ig = O mA
OUTPUT > g,

SWITCH AT B: If = 16 mA
VOLTAGE WAVEFORMS
FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS

Terns %
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HCPL2530, HCPL2531
BPTOCOUPLERSIOPTOISULATORS

\F—Forward Current —mA

CTR Normalized Current Transfer Ratio

INPUT DIODE FORWARD CURRENT

vs HCPL2530
FORWARD VCLTAGE CURRENT TRANSFER CHARACTERISTICS
20 12—
Vee =5V ;
- 1111—“_25:(:&1: S
10 t 31— = 40 mA1
16 i F
< 9 ] i IF = 35 ma
14 E " ] V /]~ = 30 ma
& v
12 § 51 .
=
H 3 4 - da L s
10 8 Gll o S R g ‘_l_ﬁ = F==
2 Vi ] - = | —
8 8 5 ¥ ¢
g P, g - 3 I = 256 mA
6 IO 4 ;f +— IF = 20 mA;
{ , i IF = 15 mA"
4 ; 1 2 l E mA .
| IF = 10 mA-’
2 1 S S —
] : T T e e
1.1 0 2 4 [ B 10 12 14 16
VE-forward Volage — V V0 —Output Voltage -V
FIGURE 3 FIGURE 4
NORMALIZED CURRENT TRANSFER RATIO NORMALIZED CURRENT TRANSFER RATIO
VS VS
INPUT DIODE FORWARD CURRENT FREE AIR TEMPERA TURE
2 | AT A N | W
Vo = 04V | —— ~ HCPL2530 °

il = 16ma _' —t——Hchzsm'

1.0

CTR—Normalized Current Transfer Ratio

0.1 1A = 25°C 1 L f |
ol | | Nomsiresto e - 16 ma, 9 N N B R
1 2 4 7 10 20 40 70 100 -60 -40 ~20 o 20 a0 60 80 100
IF~Forward Current—mA Ta —Free-Air Temperature — °C
FIGURE 5 FIGURE 6
Texas . 7
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HCPL2530, HCPL2531
OPTOCOUPLERS/OPTDISOLATORS

HIGH-LEVEL OUTPUT CURRENT
vs

FREE-AIR TEMPERATURE

10.000 s
4000 EVCC =5V = ==

a ~Vg =5V 8 I—
c Pl = O :
! 1000 £

c

£ 400 —

3 7 —
© .
E 100 + >
3 0= T —*
9 H I SRR R
ES 1))
=

. 4
& - N et
= :

I 1} —

: II ;
L2 o4 :

0.1 - 4 .|

Normalized Response dB

-75 -50 -25 O 25 50 75 100 12%

Ta - Free-Air Temperature — °C
FIGURE 7

NORMALIZED FREQUENCY RESPONSE

Vvs§s
LOAD RESISTANCE

TN | UT

'TA-ZS"CJ Ji
-0 Lo il 5 Ly
01 02 04 071 2 4 7 10

f—Frequancy —MH:2
FIGURE 9

CTRlac) - Differential Current Transfer Ratio — %

tPLH. tPHL - Propagation Delay Time s

DIFFERENTIAL CURRENT TRANSFER RATIO
vs
INPUT DIODE QUIESCENT FORWARD CURRENT

30 ,\ ‘Vee - 5 v_:
HCPL2531 Vo = 04 Y,

25— \<A - 25°C
20 —- \

/HCPLZSSO\\ ~~

]

| \ '
15 . -~
10 i

: !

: i ;

5 '

0 5 10 15 20

lg —Quiescent Input Current —mA

FIGURE 8

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

*Nec=sv 7~ /!
o

1.14lF = 16 mA
jBL = 4.1 kQ for HCPL2530
10}&._ - 1.9kn for
| HCPL2531
0.9 - ——

o . . i T -
| HCPL2530 tpy

0.5 T
1 i
0.4 .;HACPL2§31 tPLH l _ } |
-60 -40 -20 0O 20 40 60 80 100

i
[
l

Ta—Free-Air Temperature — °C

FIGURE 10
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent TI deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright © 1996, Texas Instruments Incorporated
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TL494C, TL494, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

e Complete PWM Power Control Circuitry

e Uncommitted Outputs for 200-mA Sink or
Source Current

e Output Control Selects Single-Ended or
Push-Pull Operation

e Internal Circuitry Prohibits Double Pulse at
Either Output

e Variable Dead Time Provides Control Over
Total Range

e Internal Regulator Provides a Stable 5-V
Reference Supply With 5% Tolerance

® Circuit Architecture Allows Easy

TL494C, TL494l ... D, N, OR PW PACKAGE

TL494M. .. J PACKAGE
(TOP VIEW)
1IN+ [] 1 Y 16[] 2IN+
1IN-T} 2 15[] 2IN-
FEEDBACK [| 3 14[] REF
DTC[] 4 13[] ouTP
cT[ls 12[] Vee
RT[] 6 1]] €2
GND[] 7 10{] E2
Cif}s 9[] E1

UT CTRL

TL494M ... FK PACKAGE

(TOP VIEW)
Synchronization é 26 _Zt _z'_
- Za A
description g i §
3 2 12019
The TL494 incorporates on a single monolithic FEEDBACK [] 4 18[] REF
chip all the functions required in the construction DTC[] 5 17[] OUTPUT CTRL
of a pulse-width-modulation control circuit. NC[le 16[] NC
Designed primarily for power supply control, this ct{l7 15[} Vce
device offers the systems engineer the flexibility to RT{l s 230.% 13 134[ C2
tailor the power supply control circuitry to a P o T T L |
specific application. % 5 (ZJ - B
The TL494 contains two error amplifiers, an ~
on-chip adjustable oscillator, a dead-time control NC ~ No internal connection
(DTC) comparator, a pulse-steering = control
flip-flop, a 5-\(, §°/o-preCIS|on regulator, and YancTidRTARIE
output-control circuits.
INPUT TO
The error amplifiers exhibit a common-mode OUTPUT OUTPUT FUNCTION
voltage range from —0.3 V to Vcc =2 V. The CTRL
dead-time control comparator has a fixed offset Vi=GND | Single-ended or parallel output
that provides approximately 5% dead time. The V|=Vref | Normal push-pull operation

on-chip oscillator may be bypassed by terminating
RT to the reference output and providing a
sawtooth input to CT, or it may drive the common

circuits in synchronous multiple-rail power
supplies.
AVAILABLE OPTIONS
PACKAGED DEVICES
SHRINK cHip
Ta SURFACE MOUNT | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP FORM
ot (FK) ) N) SMALL OUTLINE )
PwW)F
0°C to 70°C TL494CD — — TL494CN TL494CPW TLA494Y
—40°C t0 85°C TL494ID — — TL494IN — —
-55°C t0125°C — TL494MFK TL494MJ — — —

tTheD package is available taped and reeled. Add R suffix to device type (e.g., TL494CDR).
$The PW package is only available left-end taped and reeled.

{'P TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.

Copyright © 1995, Texas Instruments Incorporated
On products compliant to MIL-STD-883, Class B, all parameters are
tested unless otherwise noted. On all other products, preduction
p ing does not ily include testing of all parameters.
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074 A- JANUARY 1983 — REVISED AUGUST 1995

description (continued)

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which may be selected through the output-
control function. The architecture of this device prohibits the possibility of either output being pulsed twice during
push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—40°C to 85°C. The TL494M is characterized for operation from —55°C to 125°C.

functional block diagram

OUTPUT CTRL
(see Function Table)
& 13
RT .
Oscillator
er2 al g
1D Cc1
Dead-Time Control [ 9
= Comparator E1
4 O'1l v \ T\
DTC 1} W > C1
L
Q2 11

: PWM
Error Amplifier 1 Comparator ’__—D— S
1 iy, 4 10
1IN+ + E2
{IN= 2 . - Pulse-Steering

Flip-Flop

Error Amplifier 2
16
2N+ — |t !
an-—2— RIS Reference 14 cEF
Regulator

0——{1} GND
3 "
FEEDBACK 0.7 mA

NOTE A. The terminal numbers indicated apply only to the D, J, N, and PW packages.

{'? TexXAS
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TL494C, TL494I, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

TL494Y chip information

This chip, when properly assembled, display characteristics similar to the TL494C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

||||||||||||l|||||I|||||l||||l|||||||||||||||1]|||||||||I|l|||||l|l|||||||||I||||

[

BONDING PAD ASSIGNMENTS

¢ 94 P
R T A A RS R R R R RN
1IN+ N A 2IN+
iIN— L\, N~ 2IN-

FEEDBACK @ (14) REF
DTC L/ . TLA94Y a0 OUTPUT CTRL
oT —(i)— ﬁﬂ- Vce
RT e LA Cc2
GND E)—— —(E— E2
Ct L. | ©) E1

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

*’:” TEXAS
INSTRUMENTS
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TL494C, TLA494I, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A- JANUARY 1983 — REVISED AUGUST 1995

absolute maximum ratings over operating free-air temperature range

(unless otherwise noted)t

TL494C TL494I TL494M UNIT

Supply voltage, VoG (see Note 1) 41 41 41 \
Amplifier input voltage, V| Vcc +0.3 Vcc +0.3 Vcc +0.3 \%
Collector output voltage, Vo 41 41 41 \Y
Collector output current, 10 250 250 250 mA
Continuous total power dissipation See Dissipation Rating Table

Operating free-air temperature range, Ta 4 t070 —40 to 85 -55t0 125 °C
Storage temperature range, Tstq -65 to 150 —65 to 150 —65to 150 °C
Case temperature for 60 seconds, T¢: FK package — —_ 260 °C
lr;ggg atg;nperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW 260 260 . °G
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J package — — 300 °C

T Stresses beyondthose listed under “absolute maximum ratings”
functional operation of the device at these or any
implied. Exposure to absolute-maximum-rated con

NOTE 1: Allvoltage values, except differential voltages, are w

other conditi

DISSIPATION RATING TABLE

may cause permanent damage to the device. These are stress ratings only, and

ons beyond those indicated under “recommended operating conditions” is not
ditions for extended periods may affect device reliability.
ith respect to the network ground terminal.

PACKAGE Tp <25°C DERATING DERATE Tp =70°C Tp=85°C Ta=125°C
POWER RATING FACTOR ABOVETp POWER RATING POWER RATING POWER RATING
D 900 mW 7.6 mW/°C 25°C 558 mW 444 mW —
FK 1375 mW 11.0 mW/°C 25°C 880 mW 715 mW 275 mW
J 1375 mW 11.0 mW/°C 25°C 880 mW 715 mW 275 mW
N 1000 mW 9.2 mW/°C 41°C 733 mW 595 mW ==
PW 700 mW 5.6 mW/°C 25°C 448 mW — —_
recommended operating conditions
TL494C TL494] TL494M UNIT
MIN MAX MIN MAX MIN MAX
Supply voltage, Vcc 7 40 7 40 7 40 \Y
Amplifier input voltage, V| -0.3 Vgoc-2 -0.3 Vgcgo-2 -0.3 Vge-2 \Y
Collector output voltage, VO 40 40 40 Vv
Collector output current (each transistor) 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Oscillator frequency, fosc 1 300 1 300 1 300 | kHz
Timing capacitor, CT 0.47 10000 0.47 10000 0.47 10000 nF
Timing resistor, RT 1.8 500 1.8 500 1.8 500 kQ
Operating free-air temperature, Ta 0 70 —-40 85 -55 125 °C

‘? TEXAS
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TL4S4C, TLA94I, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperature range, Vcc =15V,
f =10 kHz (unless otherwise noted)

reference section

TL494C, TL494I TL494M
PARAMETER TEST CONDITIONST WIN TvPE MAX| WMIN TYPE  MAX UNIT
Output voltage (REF) lo=1mA 475 5 525| 475 5 525 Vv
Input regulation Vcc=7Vtod0V 2 25 2 25 mV
Output regulation lo=1mAto10 mA 1 15 1 151 mv
Output voltage change with temperature | ATA = MIN to MAX 2 10 2 30" | mV/V
Short-circuit output current§ REF=0V 25 -25 mA
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
t Al typical values except for parameter changes with temperature are at Tp = 25°C.
§ Duration of the short circuit should not exceed one second.
oscillator section, Ct =0.01 uF, Rt = 12 kQ (see Figure 1)
TL494C, TL494I TL494M
PARAMETER TEST CONDITIONST MIN TYPE WAX| MIN TYPF  MAX UNIT
Frequency 10 10 kHz
Standard deviation of frequencyl Qtlilix?lues YT, T antilia\ COTC 100 100 Hz/kHz
Frequency change with voltage Voo =7Vto40V, Ta=25°C 1 1 Hz/kHz
Frequency change with temperature® | ATa = MIN to MAX 10 10* | Hz/kHz

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values except for parameter changes with temperature are at Tp = 25°C.

1l Standard deviation is a measure of the statistical distribution about the mean as defived from the formula:

# Temperature coefficient of timing capacitor and timing resistor not taken into account. o =

z (Xn - —)—()2

error amplifier section (see Figure 2)

TL494C, TL494I
PARAMETER TEST CONDITIONS bt UNIT

MIN TYPf MAX
Input offset voltage Vo (FEEDBACK) = 2.5 V 2 10 mV
input offset current Vo (FEEDBACK) = 2.5 V 25 250 nA
Input bias current Vo (FEEDBACK) =2.5V 0.2 1 HA
Common-mode input voltage range Voc=7Vto40V \/_c?cs—tg v
Open-loop voltage amplification AVp =3V, RL=2kQ, Vp=05Vto35V 70 95 dB
Unity-gain bandwidth Vo=05Vt03.5YV, RL=2kQ 800 kHz
Common-mode rejection ratio AVp=40V, Ta=25°C 65 80 dB
Output sink current (FEEDBACK) ViD=-15mVto-5V, V (FEEDBACK) =0.7 V 0.3 0.7 mA
Output source current (FEEDBACK) Vip=15mVto 5V, V (FEEDBACK) =3.5V -2 : mA

* Al typical values except for parameter changes with temperature are at Tp = 25°C.

“5‘ TEXAS
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended o

f =10 kHz, Tp = 25°C (unless otherwise noted)

reference section

perating free-air temperature range, Vgc =15V,

TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX
Output voltage (REF) lo=1mA 5 Vv
Input regulation Vcc=7Vto40V 2 mV
Output regulation lo=1mAto 10 mA 1 mV
Short-circuit output current REF=0V 25 mA
oscillator section, Ct = 0.01 uF, Rt = 12 kQ (see Figure 1)
TL494Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX
Frequency 10 kHz
Standard deviation of frequency§ All values of Vi, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Vcc=7Vt040V, Ta=25C 1 Hz/kHz
error amplifier section (see Figure 2)
TL494Y

PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
Input offset voltage Vo (FEEDBACK) =25V 2 mV
Input offset current Vo (FEEDBACK) =2.5V 25 nA
Input bias current Vo (FEEDBACK) =2.5V 0.2 UA
Open-loop voltage amplification AVp =3V, RL =2kQ, Vo=0.5V1t03.5V 95 dB
Unity-gain bandwidth Vo=05Vto35YV, R =2kQ 800 kHz
Common-mode rejection ratio AVQ =40V, Ta =25°C

Output sink current (FEEDBACK)

Vip=-15mVto -5V, V (FEEDBACK) = 0.7 V

T Al typical values except for parameter changes with temperature are at Tp = 25°C.
% Duration of the short circuit should not exceed one second.

§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

Q’ TexAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperature range, Vcc =15V,
f = 10 kHz (unless otherwise noted)

output section

TL494C, TL494l
TL494M, TL494Y

PARAMETER TEST CONDITIONS UNIT
' MIN TYPT MAX
Collector off-state current VCe=40V, Vcc=40V 2 100 pA
Emitter off-state current Vcc=Vc=40V, VE=0 -100 HA
, . Common emitter | VE=0, Ic =200 mA 1.1 1.3
Collector-emitter saturation voltage - Vv
Emitter follower | Vo(C1 orc2) =15V, |g=-200mA 1.5 25
Output control input current Vi = Vet 35| mA
T All typical values except for temperature coefficient are at T = 25°C.
dead-time control section (see Figure 1)
AL TL494M
PARAMETER TEST CONDITIONS UNIT
MmN TYPt MAX| MIN TYPT MAX
Input bias current (DEAD-TIME CTRL) V|=0t05.25V -2 -10 -2 -10 A
- V| (DEAD-TIME CTRL) =0, 4 o o
Maximum duty cycle, each output CT=0.41pF, Ry=12kQ 45% 45%  50%
Zero duty cycle 3 3.3 3 3.3
Input threshold voltage (DEAD-TIME CTRL) ] . Vv
Maximum duty cycle 0 0
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
T All typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
TL494C, TL494I
PARAMETER TEST CONDITIONS TLA494M, TL494Y UNIT
MIN TYPT MAX
Input threshold voltage (FEEDBACK) Zero duty cycle 4 45 \
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 0.7 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
total device
TL4?I'4L%9 154941 TL494M
PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX| MIN TYPt MAX
RT = Vyef, Vee=15V 6 10 6 21 —
Standby SHppteunkEst All other inputs and outputs open | Vsc =40V 9 15 9 26
Average supply current V| (DEAD-TIME CTRL) =2V, See Figure 1 75 7.5 mA
T Al typical values except for temperature coefficient are at Tp = 25°C.
3 7,
EXAS
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A- JANUARY 1983 — REVISED AUGUST 1995

electrical characteristics over recommended operating free-air temperature range, Vcc =15V,
f = 10 kHz (unless otherwise noted) (continued)

switching characteristics, Tp = 25°C

TL494C, TL494I
TL494M
PARAMETER TEST CONDITIONS TL494Y UNIT
MIN TYPT MAax| MIN TYPT MAX
Rise time Co it " " SeoEi 5 100 200 100 200" ns
Fallirme mmon-emitter configuration, ee Figure % 100 %5 100" -
Rise time ; . 100 200 100 200" ns
- Emitter-follower configuration,  See Figure 4
Falltime 40 100 40 100* ns

* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
T All typical values except for temperature coefficient are at T = 25°C.

‘5 TEXAS

INSTRUMENTS
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A - JANUARY 1983 — REVISED AUGUST 1995

PARAMETER MEASUREMENT INFORMATION

Vee=15V
12 150 Q 150 Q
2W 2W

Vce

4 8 1

Test 1 DTC C1 ® Output
Inputs
P 3 1 FEEDBACK e1}> al
12 kQ 6 1 =
RT Cc2 Output 2
51 cr Ezrﬂl
1 0.01yF —
) . 1IN
2 +
18 1IN= I Error
—[———0— 2IN+ [ Amplifiers
g/ & ——l8lan)
13| QOUTPUT REF 14
CTRL )
- § GND
_L7
&
TEST CIRCUIT

T RGO B o
I G e 1 o
we AAAMNWANNNINAN

Threshold Voltage — —

DTC |
|
ov |
| | !
| | Threshold Voltage ——— —
FEEDBACK | | |
\ | |
0.7V } T
Duty Cycle | |<__>i_ MAX lt‘_ 0% —»
0% —Jf—’:
VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms

{" TEXAS
INSTRUMENTS
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TL494C, TL494I, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A-JANUARY 1983 — REVISED AUGUST 1995

PARAMETER MEASUREMENT INFORMATION
Amplifier Under Test

FEEDBACK

vi®

Other Amplifier

Figure 2. Amplifier Characteristics

I—Each Output 4
I Circuit

|
L_ [0

TEST CIRCUIT
NOTE A. Cy includes probe and jig capacitance.

Qutput

CL =15 pF
(See Note A)

OUTPUT VOLTAGE WAVEFORM

Figure 3. Common-Emitter Configuration

15V

l—-Each Output \
| Circuit

. 68 Q

CL =15 pF 2w
(See Note A)

Output

= OUTPUT VOLTAGE WAVEFORM

TEST CIRCUIT
NOTE A. Cg includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration

“l" TEXAS
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TL494C, TL494l, TL494M, TL494Y
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074A— JANUARY 1983 — REVISED AUGUST 1995

A - Amplifier Voltage Amplification - dB

N
J|:100k
c
S 40k
K]
s
> 10k
)
&
3 4k
o
o
e
B 1k
(]
oy
2 400
[}
=]
8
&« 100
S
= 40
o
[
(@]
1 10
e 1

100

90

80

70

60

50

40

30

20

10

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONt

Vs

TIMING RESISTANCE

Vee=15

L {1

Ta =25°C

V]

—
1T
s 2o o 20 4

N 0.001 puF |||

|
f

NG

S

0.01 uF

N

=

N

k 4k 10

k 40k 100k

Rt — Timing Resistance - Q

Figure 5

t Frequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

400k 1M

AMPLIFIER VOLTAGE AMPLIFICATION

V'S
FREQUENCY
T
~ 33 Vec=15V

~ AVg=3V

\ TA =25°C

\\\
1 10 100 1k 10k 100k 1M

f — Frequency — Hz

Figure 6
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DS0026 5 MHz Two Phase MOS Clock Driver

Physical Dimensions inches (milimeters) (Continued)

0.373—0.400
[~ are—10.18) ]
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- “2.288)
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Molded Dual-In-Line Package (N)
Order Number DS0026CN
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor
Europe

Natlonal Semiconductor
Corporation
1111 West Bardin Road

o

Fax: (+49) 0-180-530 85 86

Natlonal Semiconductor
Japan Ltd.
Tel: 81-043-299-2309

Natlonal Semiconductor
Hong Kong Ltd.
13th Floor, Straight Block,

Arlington, TX 76017 Email;
Tel: 1(800) 272-9959 Deutsch Tel
Fax: 1(800) 737-7018 English  Tel
Frangais Tel
ltaliano  Tel

: cnjwge @tevm2.nsc.com
: (+49) 0-180-530 85 85
: (+49) 0-180-532 78 32
: (+49) 0-180-532 93 58
: (+49) 0-180-534 16 80

Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

Natona! does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at eny time without notice to change said circuitry and specifications.
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MICROCIRCUIT DATA SHEET

msooza_x .R.EV aAo Original Creation Date: 08/22/95

Last Update Date: 02/17/97
Last Major Revision Date: 08/22/95

SMHz TWO PHASE MOS CLOCK DRIVER

General Description

DS00026 is a low cost monolithic high speed two phase MOS clock drivers and interface
circuits. Unigue circuit design provides both very high speed operation and the ability to
drive large capacitive loads. The device accepts standard TTL outputs and converts them to
MOS logic levels. They may be driven from standard 54/74 series and 54S/74S series gates
and flip-flops or from drivers such as the DS8830 or MD7440. The DS0026 is intended for
applications in which the output pulse width is logically controlled; i.e., the output
pulse width is equal to the input pulse width.

The DS0026 is designed to fulfill a wide variety of MOS interface requirements. As a MOS
clock driver for long silicon-gate shift registers, a single device can drive over 10k
bits at 5 MHz. Six devices provide input address and precharge drive for a 8k by 16-bit
1103 RAM memory system. Information on the correct usage of the DS0026 in these as well as
other systems is included in the application note AN-76.

Industry Part Number NS Part Numbers
DsS0026 DS0026G-MIL
DS0026H/883
DS0026J/883
Prime Die
DS0026
Processing Subgrp Description Temp (°C)
MIL-STD-883, Method 5004 1 Static tests at +25
2 Static tests at +125
3 Static tests at =55
Qu i nformance Inspection 4 Dynamic tests at +25
allty Eonite P E 5 Dynamic tests at +125
= _ 6 Dynamic tests at ~55
MBI —R8,, CEhes. SHus 7 Functional tests at +25
8Aa Functional tests at +125
8B Functional tests at =55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55




MNDS0026-X REV 0A0 MICROCIRCUIT DATA SHEET

Features

- Fast rise and fall times-20 ns 1000 pF load

- High output swing-20V

- High output current drive- +1.5 amps

- TTL compatible inputs

- High rep rate-5 to 10 MHz depending on power dissipation
- Low power consumption in MOS "0" state-2 mw

- Drives to 0.4V of GND for RAM address drive



MNDS0026-X REV 0A0 MICROCIRCUIT DATA SHEET

(Absolute Maximum Ratings)

(Note 1)
V+ - V  Differential
22V
Input Current
100mA
Input Voltage (Vin - V™)
5.5V
Peak Output Current
1.5A
Maximum Power Dissipation At 25 C
(Note 2)
Cavity Package (8-Pin) 1150 mw
Cavity Package (14-Pin) 1380 mw
Header Package (8-Pin) TBD
Header Package (12-Pin) TBD

Operating Temperature Range
- C—tq =85 C

Maximum Junction Temperature
18500 ©

Storage Temperature Range
-G bomsl SONC

Lead Temperature (Soldering, 10 sec.)

300 C
Thermal Resistance
ThetaJa

Cavity Package 8-Pin 130 Cc/w

Cavity Package 14-Pin 110 C/w

Header Package 8-Pin 230 Cc/W

Header Package 12-Pin TBD
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.

Operating Ratings indicate conditions for which the device is functional, but do not
guarantee specific performance limits. For guaranteed specification and test
conditions, see the Electrical Characteristics. The guaranteed specifications apply
only for the test conditions listed. Some performance characteristics may degrade
when the device is not operated under the listed test conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and 1is
dictated by Tjmax (maximum junction temperature), ThetaJA (package junction to
ambient thermal resistance), and TA (ambient temperature). The maximum allowable
power dissipation at any temperature is Pdmax = (Tjmax - TA)/ThetaJA or the number
given in the Absolute Maximum Ratings, whichever is lower.



MNDS0026-X REV 0A0

MICROCIRCUIT DATA SHEET

Electrical Characteristics
DC PARAMETERS

(The fol lowing conditions

apply to all the following parameters,

unless otherwise specified.)

DC: Power dissipation must be externally controlled at elevated temperatures.
SYMBOL PARAMETER CONDITIONS wores| PIN- | oy mMax |owrr | SUB-
NAME GROUPS

Voll Logical "O" Vin = 2.4V, V+ - V- = 20V, Iol = 1ma 1 \Y L, 2,
Output Voltage 3

Vol2 Logical "O" Vin = 2.4V, V™ \_pe= 10V, Iol = 1ma 1 \Y% L, 2
Output Voltage 3

Vohl .| Logical "1*" Vin - V- = 0.4V, V+ - y- = 20V, 19 v 1y 2;
Output Voltage Ioh=-1mA 3

Voh2 Logical r1- Vind- V- =074V v+ = Ue = 10v, 9 v 1, 2,
Output Voltage Toh=-1maA 3

Iill Logical "0" Input | Vin = 0V, v+ = 20V, V- = 0OV -10 uA 1, 3

Current

~15 uA 2

[i12 Logical "0" Input | Vin = 0V, v+ = 10V, V- = Qv -10 uA 1, 3

Current

-15 uA 2

[ihl Logical "1" Input | vin = 2.4V, V+ = 20V, V- = 0V (15 mA Ly 2,
Current 3

ih2 Logical "1" Input | Vin = 2.4V, V+ = 10V, V- = QV 15 mA L, 2,
Current 3

‘cc (OFF) "OFF" Supply Vin = QV, V+ = 20V, V- = 0OV 500 uA i, 2,
Current 3

ccl (ON) "ON" Supply Vin=2.4v, v+ = 20V, V- = 0V, (SIDE A 40 mA 1, 2,
Current ON) 3

cc2 (ON) "ON" Supply Vin=2.4V, V+ = 20V, V- = 0V, (SIDE B 40 mA 1,2,
Current ON) =

ih1 Logical "1" Input | V+ = 20V, V- = 0v 1 2 v 1.2,
Voltage 3

ih2 Logical "1" Input | v+ = 10V, V- = Qv 1 2 v L, 2,
Voltage 3

il1 Logical "Q" Input | V+ = 20V, V- = Qv 1 0.4 \Y i: 2,
Voltagc 3

112 Logical "0" Input | v+ = 10v, v- = ov 1 0.4 v 1, 2,
Voltage 3
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Electrical Characteristics
AC PARAMETERS

(The following conditions apply to all the following parameters, unless otherwise specified.)

MICROCIRCUIT DATA SHEET

DC: Power dissipation must be externally controlled at elevated temperatures.
SYMBOL PARAMETER CONDITIONS NOTES ;:; MIN MAX |UNIT Gi?U-PS
tON Turn-On Delay V+ = 20V 3 15 ns 9
3 19 ns 10, 11
tOFF Turn-0ff Delay V+ = 20 . 15 ns 9
3 19 ns 10, 11
tr (tPD1) Rise Time V+ - V- = 20V, Cl = 1000pF 3, 4 35 ns 9
31\4 44 ns 10, 11
tF (£tPDO) Fall Time V+ - V- = 20V, Cl = 1000pF 3 35 ns 9
3 44 nS 10, 11
AC PARAMETERS: Transistor Driver
(The following conditions apply to all the following parameters, unless otherwise specified.)
DC: Power dissipation must be externally controlled at elevated temperatures.
tR Rise Time Cl = 500pF 114 18 ns 9
tF Fall Time Cl = 500pF 2 16 ns 9
AC PARAMETERS: Gate Driven
(The following conditions apply to all the following parameters, unless otherwise specified.)
DC: Power dissipation must be externally controlled at elevated temperatures.
tR Rise Time C1l “=/500pF 2 4 40 nsS 9
cly= 1000pF 2, 4 50 ns 9"
tF Fall Time Cl = 500pF 2 85 ns 9
Cl = 1000pF 2 40 ns 9
Note 1: Parameter tested go-no-go only.
Note 2: Guaranteed parameter not tested.
Note 3: Tested at +25 C, guaranteed but not tested at +125 C and -55 C.
Note 4: Rise Time is the transition time from a Logical "0" to a Logical "1" and actually

represents a voltage drop.



IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent T1 deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications”).
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SN5414, SN54LS14,
SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

DECEMBER 1983 —REVISED MARCH 13988

® Operation from Very Slow Edges

® Improved Line-Receiving Characteris-

SN5414, SN54LS14 . . . J OR W PACKAGE
SN7414 .. . N PACKAGE
SN74L814 . . . D OR N PACKAGE

tics

* High Noise Immunity

description

Each circuit functions as an inverter, but because of the
Schmitt action, it has different input threshold levels for
positive (VT + ) and for negative going (VT-) signals.

These circuits are temperature-compensated and can
be triggered from the slowest of input ramps and still

give clean, jitter-free output signals.

The SN5414 and SN54L514 are characterized for oper-

ation aver the full military teamperature range

to 125°C. The SN7414 and the SN74LS14 are charac-

terized for operation fram 0° C to 70° C.

logic symbolt

(1) 2}

1A —n b 1Y
a3t | @),
2815 (I
a9 8,y
5A {11) (10} 5Y
6A (13) N (12} p- ¥

{TOP VIEW)
1a v Use Vee
1Y 2 13[] 6A
2a O3 120 6Y
2y (s 1] 5A
3A (s 10[] 5Y
3y Os a[] 4A

GND ]2 a[] 4y

of -65°C

SNB4LS14 . . . FK PACKAGE
{TOP VIEW)

NC —No internal connection

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

logic diagram (positive logic)

3A——<bo—3v
AA——bO_tW
5A ————bo——-—sv
stx——bo—sv
Y = A

PRODUCTION DATA ducuments contain information
current as of publication date. Products conform to
spacifications per the terms of Taxas instruments
standard warranty. Production pracessing dees not
necessarily include testing of all paramsters.

*p
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SN5414, SN54LS14, SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

schematics
‘14
Vce
Sk g $ 100 0
INPUT J/Jh':* ouTPUT
A < )| v
S
E}
o—d GND
‘LS14
v ¢ Vee
20kn3 $ i 3
& [
£
OUTPUT
NPT | [ T4 =Y
ATV M
x
p
1
<
<E 3
+ GND
Raesistar values shown are nominal. /;7

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

Supply voltage, VCC (588 NOTE T} ...\ttt oottt et e e it et e a e 7V
Input voltage: “TA N . am . <o o ammmh |1 oJue o b5 dbmrers e rer s TrTrinle A4 oo « ale o -fommpas s oo« ot o flofl o cenninnnn 55V
1814 . 0. . TP W YV YR AL, . . DS e Y e L H e 7V

Operating free-air temperature: SNB4’ | ... . . . i i —~55°C to 126°C
sN7EY, TN, AN . S AT S A 0°C to 70°C

Storage temperature range .. . .. . ov - oo loiolaoaafaneainsaaalsonmiliiuiice iananeaaoe e —65°C to 150°C

NOTE 1: Valtage valuss are with respect to network ground terminal,

Texas "\"
INSTRUMENTS

POST OFFICC BOX 85502 « DALLAS. TEXAS 75265



SN5414, SN7414
HEX SCHMITT-TRIGGER INVERTERS

recommended operating conditions

SN5414 SN7414 UNIT
MIN NOM MAX | MIN NOM MAX
Vce  Supply voltage 46 5 55 | 475 5 525 \Y
loy High-ievel output currant —08 —08 mA
IoL  Low-evel output current 18 16 mA
TA  Operating free-air temperature — 55 125 0 70 °C

elactrical characteristics over recommended operating fres-air temperature range (unless otharwise noted)

PARAMETER TEST CONDITIONst MIN TYP$ MAX | UNIT
Vs Vee =8V 15 17 2 \'4
V- Veg=5V 06 09 1.1 v

(V:":tj';‘:_) Vec =5V 04 08 v
Vig Voe = MIN, lf=—12mA —15 \%
VOH Ve =MIN, Vy=06V, loH = =08 mA 2.4 34 Vv
VoL Vee = MIN, V=2V, gL =16 mA 0.2 04 v
T+ Vec =8V, Vi=Vrs —0.43 mA
IT— Vee =5V, Vi=Vy_ ~056 mA
1] Vee = MAX, V=55V : 1 mA
hH Ve =MAX, ViH=24V 40 BA
he Veg =MAX, V) =04V -08 —12 mA
los$§ Ve = MAX —18 —56 mA
lccH Vce = MAX 22 35 mA
lccL Vee = MAX 39 60 mA

1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condltions.
$ All typical vatues areat Vg =5 V, Ta = 25°C.
§ Not mare than one output should be shorted at a time.

switching characteristics, Vcc =6V, Ta = 25°C

FROM TO
PARAMETER TEST CONDITI MIN MAX | UNIT
(INPUT) (OUTPUT) posTIONS Tve u
t 5 22
il 3 A Y RL =400 52, CL=15pF i
tPPHL 15 22 ns

{i’
TeExas
INSTRUMENTS
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SNG4LS14, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

recommended operating conditions

SN64LS14 SN74LS14
MIN NOM MAX | MIN NOM MAX NI
Vee  Supply voltage 45 5 6§65 | 475 5§ 525 v
loH High-level output current —-0.4 -04 mA
loL Low-level output current 4 8 [ mA
Ta  Operating frae-air temperature —55 125 0 70 °c
electrical characteristics over recommended operating free-air temperature range {uniess otherwise noted)
PARAMETER TEST CONDITIONST SnssLa ENZALT uNIT
MIN TYP$ MAX | MIN TYP} MAX
VT4 Veec =5V 1.4 1.6 19 1.4 16 19 A\
V1o Veg =5V 0.5 08 1 05 08 1
Hysteresis
(Ve — V) Ve =5V 04 08 0.4 08 v
ViK Vee = MIN, I =—18 mA -18 -15 v
VoH Vce = MIN, V=05V, oy = —0.4mA 25 34 27 34 \Y
VoL Vee = MIN, V=198V loL =4 mA 0.26 0.4 0.25 g4 v
IgpL =B mA 0.36 05
I+ Veo =5V, Vi=Vr1s -0.14 —0.14 mA
r— Ve =5V, Vi=Vy_ -0.18 —0.18 mA
I Veo=MAX, V=7V 01 0.1 mA
I Vee = MAX, ViIH=27V 20 20 uA
TR Voo =MAX, V) =04V —-04 -04 mA
lossg Ve = MAX —20 —100 | —20 —100 | mA
IccH Ve = MAX 86 16 8.6 16 mA
lccL Vee = MAX 12 21 12 21 mA
t For conditions shawn as MIN or MAX, use the appropriate value specified under racommended aparating conditlons.
1 All typical valuesareat Vog =6 V, T4 = 25°C.
§ Not more than one output <hould ba shorted at a time, and duration of the short<ircuit should not excead one second.
switching characteristics, Vcc =5V, TA = 25°C
FROM TO
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX | UNIT
PLH A v R = 2k92; e =15 pF 15 2 ns
PHL 15 22 ns

{i’
TEXAS
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



SN5414, SN54LS14, SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

PARAMETER MEASUREMENT INFORMATION

TEST
POINT vce
P P TITTTT s 3V
IN
v " v A N
FRO
OUTPUT (see Note A) {’“PHL-‘: ;._ P
UNDER | ' VOH
TEST Co OUTPUT——\—M
I {see Note B) - —=—= VoL
. 1See Note C)
LOAD CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. All diodes are 1IN3064 or equivalent.
B. Cg includes probe and jig capacitance.
C. Generator charactaristics and reterance voltage are:
Generator Characteristics Reference Valtages
Zout PRR tr U Viget(H)  VirefiL) VO ref
SNS4°ISN74’ 50 2 1 MHz 10 ns 10 ns 9V 0.9 V 15V
SN54LS’/SN74LS' | 50 1 MHz 15 ns 6ns 1.8V 0.8V 1.3V

TYPICAL CHARACTERISTICS OF “14 CIRCUITS
POSITIVE-GOING THRESHOLD VOLTAGE NEGATIVE-GOING THRESHOLD VOLTAGE

Vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

s 170 T i > 080 —T
| vec=8V | Vee=6V
189 ) 084
3 o8 S o8
s 3
<
T 187 E 0.87 et
0.66
'g 1.66 _E /,
= 165 = 085 -
2z g =
3 184 ‘-E 0.84
o 163 = 083
£ 2
s 182 0.82
S E
1161 1f 081
+ 1
o 0.80
1.60 e
> 76 _s0-25 0 2 & 75 100 1 > ~%76,050 26, 0 /28 50 75 100 125
Ta — Free-Air Temperature — c

Ta — Free-Aic Tamperature —°C
FIGURE 1

HYSTERESIS FIGURE 2

vs
FREE-AIR TEMPERATURE
IVcc =15 v
840 3 t
I.~N"\‘ ]

850

830

820

N

810

80D

780

780

VT+ — VT— — Hysteresis — mV

770’

760 1

J

100 125

750
~-75 =50 -25 0

Ta — Free-Air Temperature — £
FIGURE 3
w 0°C and 70° C and supply voltages below 4,75V and above 5.25 V are applicable for SNS414 only.

{i,
TEXAS
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SN5414, SN7414
HEX SCHMITT-TRIGGER INVERTERS

TYPICAL CHARACTERISTICS OF ‘14 CIRCUITS
THRESHOLD VOLTAGES

DISTRIBUTION OF UNITS vs
FOR HYSTERESIS SUPPLY VOLTAGE
T T 2.0 T T
Vec=5V Ta =25°C
Ta = 26°C 18 —
3 —
c 1.6
§ 5 m " Positive-Going Threshold Voltage, VT+
> 1.
% B2
> -
g S0
: 3 —
A
e £ Negative-Going Threshold Voltage, VT—
2 / F 06
=
< / 0.4
/‘/ 02
740 760 780 800 620 840 860 8BO 900 04_5 4.35 5 5.25 55
V14 — Vr— —Hysteresis = mV VT+ — VT— — Hysteresis —mV
FIGURE 4 %
HYSTERESIS OUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE {INPUT VOLTAGE
20 : : 4 T T
- Ta=25°C Vec =5V
o
: [ TA=26°C L yp_ Ve {—
16
0 >3
w 14 1
: g
E 12 _:_;
3
% 10 =2 [
| o1 4 v
; 038 él’
|
0.6
ha s 1
> 04
0.2
0 0
45 475 5 - 5.25 55 0 0.4 0.8 1.2 1.6 2
Vcg — Supply Voltage — V Ve — Supply Voltags —V
FIGURE 6 FIGURE 7

Data for temperatures below 0°C and 70°C and supply voitages bslow 4.75 V and abave 5.25 V are applicable for SN5414 only.

TeExas “?

INSTRUMENTS

POST OFFICE BOX 655012 = OALLAS, TEXAS 75285



SN54LS14, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

TYPICAL CHARACTERISTICS OF "L§14 CIRCUITS

POSITIVE-GOING THRESHOLD VOLTAGE NEGATIVE-GOING THRESHOLD VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
170 T 1 0.80 T T
s Vec=6V > Vee=5V
| 169 1 089
f 1.88 gm
S $
s 1.67 % 087 //
E 166 %086
“ = //
= 168 = 085 >
2 g /,
S 164 & 084 |—3
£ g
5 1.63 i 0.83
'? 162 % 082
=161 . 081
. s
1.60 080
—75 —50 —25 0 25 50 76 100 125 —75-50—26 0 25 80 75 100 125
TA — Free-Air Temperature — °C Ta — Free-Air Temperature — °C
FIGURE 8 FIGURE 9
HYSTERESIS
13 : DISTRIBUTION OF UNITS
FREE-AIR TEMPERATURE FOR HYSTERESIS
850 T T
Vcc=5V
840 Vee = SOV
> 830 g —Ta=25C ’\
£
! =20 g
'g ] 8
§ a0 £
£ 800 S g
[ % 2
'|_ 780 “e_ \
> 4
| 780 £ |9o% ARE /
& S |asove A
£ 0 € | 735 mv
760 \
)

720 740 760 780 800 820 840 850 880

750
-75 —-60 —25 0 26 S0 75 100 125
Vr+ — V1— — Hysteresis — mV

Ta — Free-Alr Temperature — “c

FIGURE 10 FIGURE 11

Data for temperatures below 0°C and sbove 70°C and supply voltagas beiow 4.75 V and above £§.265 V are applicable for SNS4LS14 only.
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SN54LS14, SN741514
HEX SCHMITT-TRIGGER INVERTERS

TYPICAL CHARACTERISTICS OF ‘LS14 CIRCUITS

THRESHOLD VOLTAGES AND HYSTERESIS OUTPUT VOLTAGE
Vs vs
SUPPLY VOLTAGE INPUT VOLTAGE
20 ——— Ar—r
.8 Ta=26C Vee=5V
o - 0

s S - TA =25 c-—VT— VT*T__
- NamiG Going Threshold Voltage, VT+ >3
A 14 é‘
&12 2
3 3
> 1.0 — Negative-Going Threshold Voltage, VT —— i 2 J
% 08 y + ¥ + 3 b
® Hysteresis, VT+ — VT— \
£ o8 o

> 1

0.4

0.2

0 1]

4.5 4.75 5 6.25 85 0 0.4 038 1:2 1.6 2
Ve —Supply Voltags — V V{ — Input Voltage — V
FIGURE 12 FIGURE 13

Data for temperatures below 0°C and above 70°C and supaly voltages bslow 4.76 V and abova 6.25 V ara applicable for SNE4LS14 oniy.
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SN5414, SN54LS14,
SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

TYPICAL APPLICATION DATA

| TTLSYSTEM

INPUT
—~+4  cwmos -

SINE-WAVE
OSCILLATOR

[} ey | e
i OUTPUT
|
TTL SYSTEM INTERFACE
FOR SLOW INPUT WAVEFORMS PULSE SHAPER
0.1HztwotOMHz | —_— - —VT+

B I,
]

MULTIVIBRATOR THRESHOLD DETECTOR

Aﬁg
|
|
|
|

——
== ==

Open-coilector
output.
e, wr 1M T

INPUT } I A OUTPUT
N 7 T i 1o [
, | A : [ ll (I Lo
{ ——lP/ | — i Iy
[N [ e Ly Gl . e i v ke £

p | POINT A [ |

i ; |

L l

QUTPUT

PULSE STRETCHER
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are
utilized tec the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications®).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of TI covering or relating to any combination, machine, or process in which such semiconductor products
or services might be or are used.

Copyright ® 1998, Texas Instruments Incorporated
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BARRIS IRFP250, IRFP251,
IRFP252, IRFP253

27A and 33A, 150V and 200V, 0.085 and .12 Ohm,

January 1998 N-Channel Power MOSFETs
Features Description
e 27A and 33A, 150V and 200V These are N-Channel enhancement mode silicon gate
. _ power field effect transistors. They are advanced power
ngs(on) =0.0830:and 0.1200 MOSFETSs designed, tested, and guaranteed to withstand a
* Single Pulse Avalanche Energy Rated specified level of energy in the breakdown avalanche mode
. ) L . of operation. All of these power MOSFETSs are designed for
* SOA is Power Dissipation Limited applications such as switching regulators, switching conver-
* Nanosecond Switching Speeds tors, motor drivers, relay drivers, and drivers for high power
. o bipolar switching transistors requiring high speed and low
* Linear Transfer Characteristics gate drive power. These types can be operated directly from
+ High Input Impedance integrated circuits.
o Related Literature Formerly developmental type TA9295.
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”
Symbol
Ordering Information
D
PART NUMBER PACKAGE BRAND
IRFP250 TO-247 IRFP250 o
IRFP251 TO-247 IRFP251
IRFP252 TO-247 IRFP252 S
IRFP253 TO-247 IRFP253
NOTE: When ordering, use the entire part number.
Packaging
JEDEC STYLE TO-247
SOURCE
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 23302

Copyright © Harris Corporation 1998 5-1



IRFP250, IRFP251, IRFP252, IRFP253

Absolute Maximum Ratings Tg =25°C, Unless Otherwise Specified

Drain to Source Voltage (Note 1)

Drain to Gate Voltage (Rgg = 20kQ) (Note 1)

ContinuousDrain Current. ... ...,
Te=100°C. . ottt

Pulsed Drain Current (Note 3)
Gate to Source Voltage
Maximum Power Dissipation
Linear Derating Factor

Single Pulse Avalanche Energy Rating (Note 4)

Operating and Storage Temperature
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s . .......

Package Body for 10s, See Techbrief 334

IRFP250 IRFP251 IRFP252

........... Vps 200 150 200
....... VbGR 200 150 200

Ip 33 33 27

Ip 21 21 17
........... Iom 130 130 110
........... Vas +20 120 +20
180 180 180
1.44 1.44 1.44
....... Eas 810 810 810

....... Ty, TstG -55 to 150 -55 to 150 -55to 150

LT 300 300 300
......... Tpkg 260 260 260

IRFP253

150
150

27
17

110
+20
180
1.44
810

-55 to 150

300
260

UNITS

S<®»>»>» < <

°c
°c

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty=25°Cto 125°C.

Electrical Specifications Tg = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX |UNITS

Drain to Source Breakdown Voltage BVpss |lp =250pA, Vgs =0V, (Figure 10)

IRFP250, IRFP252 200 - - \Y

IRFP251, IRFP253 150 - - \Y
Gate Threshold Voltage Vas(H) |Vas = Vos. Ip = 250pA 2.0 - 4.0 \
Zero Gate Voltage Drain Current Ipss |Vps = Rated BVpgs, Vgs =0V - - 25 pA

Vps = 0.8 x Rated BVpss, Vas =0V, Tg= 125°C| - - 250 pA

On-State Drain Current (Note 2) IpoN) |VDs > Ipony X roson)max: Vas =10V

IRFP250, IRFP251 33 - - A

IRFP252, IRFP253 27 - - A
Gate to Source Leakage Current lgss |Vags =20V - - 100 | nA
Drain to Source On Resistance (Note 2) ros(oN) |Ib =17A, Vas = 10V, (Figures 8, 9)

IRFP250, IRFP251 - 0.07 |0.085

IRFP252, IRFP253 - 0.09 |0.120
Forward Transconductance (Note 2) Ofs Vps 2 50V, Ip = 17A, (Figure 12) 13 19 -
Turn-On Delay Time td(ON) Vpp = 100V, Ip =30A, Rg = 6.2Q, Vgg =10V, - 18 30 ns

5 : R =3.2Q, (Figures 17, 18)
Rise Time tr MOSFET Switching Times are Essentially Inde- | - 125 | 180 | ns
TuiriOf Dela Tl S pendent of Operating Temperature i 20 100 ns
Fall Time i - 80 120 ns
Total Gate Charge Qq(ror) [Vas =10V, Ip =30A, Vps = 0.8 x Rated BVpgs | - 79 120 nC
(Gate to Source + Gate to Drain) lg(ReF) = 1.5mA, (Figures 14, 19, 20)
Gate Charge is Essentially Independent of Oper-

Gate to Source Charge Qgs aﬁng Temperature - 12 - nC
Gate to Drain “Miller” Charge Qqq 42 5 nC
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IRFP250, IRFP251, IRFP252, IRFP253

Electrical Specifications T =25°C, Unless Otherwise Specified (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP |} MAX | UNITS
Input Capacitance Ciss |Vbps =25V, Vgs =0V, f = 1MHz, (Figure 11) - 2000 - pF
Output Capacitance Coss - 800 - pF
Reverse Transfer Capacitance Crss - 300 - pF
Internal Drain Inductance Lp Measured From the Modified MOSFET 5.0 - nH
Contact Screw on Header [ Symbol Showing the
Closer to Source and Internal Device
Gate Pins to Center of Die|Inductances
D
Internal Source Inductance Ls Measured From the = 12.5 % nH
Source Lead, 6.0mm
(0.25in) From Header to
Source Bonding Pad
Thermal Resistance, Junction to Case ReJc “ - 0.70 | °cw
Thermal Resistance, Junction to Ambient Rgya  |Free Air Operation - 3 30 | °cw
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET Sym- - - 33 A
[ D
bol Showing the Integral
Pulse Source to Drain Current Ispm Reverse P-N Junction - - 130 A
(Note 3) Rectifier
G
S
Source to Drain Diode Voltage (Note 2) Vsp Ty =25°C, Igp = 33A, Vgg = 0V, (Figure 13) - - 2.0 \"
Reverse Recovery Time trr Ty =25°C, Isp = 30A, digp/dt = 100A/us 140 - 630 ns
Reverse Recovery Charge Qrr T, =25°C, Igp = 30A, digp/dt = 100A/s 1.8 - 8.1 nC

NOTES:

2. Pulse test: pulse width < 300ps, duty cycle < 2%.
3. Repetitive rating: pulse width limited by maximum junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp =50V, starting T, = 25°C, L = 1.1mH, Rg = 50Q, peak Ias = 33A. (Figures 15, 16)
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IRFP250, IRFP251, IRFP252, IRFP253

Typical Performance Curves unless Otherwise Specified

POWER DISSIPATION MULTIPLIER

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Zgyc» THERMAL IMPEDANCE

Ip, DRAIN CURRENT (A)

1.2

1.0

0.8

0.6

0.4

0.2

50 100
Tc, CASE TEMPERATURE (°C)

150

Ip, DRAIN CURRENT (A)

40

7

I IRFP250,

N
F

\ IRFP251
~—

N
IRFP252, Q
IRFP253

N

-
o

\\

-]

25

50 75

100 125 150
Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE
1
= 0.5
= 02 | —
0.1 = 0 * :
= 0.05 —_ = ]
b 4 P P
b= 0.02 =t -:’,/ DM 1
e Ls
i .0.01 L — — |
t ]
— SINGLE PULSE NOTES: —| b -]
DUTY FACTOR: D = t/t, |
1073 PEAK T  =Ppm x Zgyc +Tc
1075 104 103 102 0.1 1 10
t1, RECTANGULAR PULSE DURATICN (S)
FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE
103 50 T
OPERATION IN THIS Vgs = 10V 80us PULSE TEST
S AREAIS LIMITED Vg =7V
IRFP250, 1 «l BY rps(on) 40
oo | o o P = A - L
2 ! <
10° FIRFP252, 3 428 : =1V =
FIRFP250, 1 5~ = z
| PaB - 3 T 109“5 E 30 VGS =6V
IRFP252, 3| | | ¥ 5 f
e \ q [§ G 8
: z
e — Z 20
1 ¥10ms é
~ %
! a
1 = 1 = 10 Vgs =5V
RFP250, 2 —¥J
T, = MAX RATED RFP251, 3 5 Vas =4V
0.1 | SINGLE PULSE [T 0
- 10 102 103 0 20 40 60 80 100

FIGURE 4. FORWARD BIAS SAFE OPERATING AREA

Vps, DRAIN TO SOURCE VOLTAGE (V)

Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. OUTPUT CHARACTERISTICS
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IRFP250, IRFP251, IRFF252, IRFP253

Typical Performance Curves Uuniess Otherwise Specified (Continued)

50

80us PULSE TEST ] | Vgs =10V =
< =
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o
)
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% 20 /l Hoai GS
P P4
[=]
LIS Vo =5V
t
Vgs =4V
0 GS
0 1.0 2.0 3.0 4.0 5.0
Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS
0.5

80us PULSE TEST

0.4

0.3

rps(oN), ON-STATE RESISTANCE (Q)

0.2 VGS= 1o0v / s
/,/
/_/
0.1 — VGS = v QI
0
0 25 50 75 100 125

Ip, DRAIN CURRENT (A)

NOTE: Heating effect of 2us pulse is minimal.

FIGURE 8. DRAIN TO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRAIN CURRENT
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-40 0 40 80 120

Ty, JUNCTION TEMPERATURE (°C)

160

FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE
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-

Ip, DRAIN CURRENT (A)
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hNu.....
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FIGURE 7. TRANSFER CHARACTERISTICS
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FIGURE 9. NORMALIZED DRAIN TO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE

7500
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Ciss=Cas +Cap

.Crss =Cap

Coss =Cps +Cap
1
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N

6000

4500
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Crss
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C, CAPACITANCE (pF)

1500

~\~

1 2 5 10 2 102

Vps, DRAIN TO SOURCE VOLTAGE (V)
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FIGURE 11. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE
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IRFP250, IRFP251, IRFP252, IRFP253

Typical Performance Curves unless Otherwise Specified (Continued)
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o
w

Vps =250V
80ps PULSE TEST

Vps 250V | I
80us PULSE TEST —
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Isp, SOURCE TO DRAIN CURRENT (A)

L
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Ip, DRAIN CURRENT (A) Vgp, SOURCE TO DRAIN VOLTAGE (V)

o

FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT FIGURE 13. SOURCE TO DRAIN DIODE VOLTAGE
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g VDS T 40V \- 47
g 12 2
o /
E 8 ,/%
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0 25 50 75 100 125
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FIGURE 14. GATE TO SOURCE VOLTAGE vs GATE CHARGE
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IRFP250, IRFP251, IRFP252, IRFP253

Test Circuits and Waveforms

Vps
L
VARY tp TO OBTAIN .._J .
REQUIRED PEAK Ipg Rg = = vpp
— T
Vas
DUT
tp
0V e Loy las
I 0.01Q
—AN—
==

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

FIGURE 17. SWITCHING TIME TEST CIRCUIT

Vps
EIREENT (ISOLATED
REGULATOR SUPPLY)
a3 SAME TYPE
12v | AS DUT

0.2uF < 50kQ

BATTERY |
T T 0.3uF

D
DUT
—_
¢|G(REF)
0

Vbs
Ig CURRENT —— Iy CURRENT
SAMPLING ~ SAMPLING
RESISTOR RESISTOR

FIGURE 19. GATE CHARGE TEST CIRCUIT

—| tAV |

FIGURE 16. UNCLAMPED ENERGY WAVEFORMS
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—»tr‘<— —»lf<——

Vbs

90% 905

o

? 10% X 10%

- 90%

Vas 50% 50%
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0,
o 10/:»3

FIGURE 18. RESISTIVE SWITCHING WAVEFORMS
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FIGURE 20. GATE CHARGE WAVEFORMS
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