





DS36801

QUAD TELEPHONE RELAY DRIVER

D2758, MARCH 1886 —REVISED MARCH 1990

® Designed for — 52-V Battery Operation
® 50-mA Output Current Capability
@ Input Compatible with TTL and CMOS
® High Common-Mode Input Voltage Range
® Very Low Input Current
® Fail-Safe Disconnect Feature
® Built-In Output Clamp Diode
@ Direct Replacement for National DS3680
and Fairchild xtA3680
description

AMPL #1 {

AMPL #2 {

AMPL #3 {

AMPL #4

D OR N PACKAGE

{TOP VIEW)

in+ (1 Uta]] BAT GND

IN- ]2  13[J OUTPUT AMPL #1
IN- s  12[] OUTPUT AMPL #2
IN+ [Ja  11[J OUTPUT AMPL #3
IN+ (J5  10[J OUTPUT AMPL #4
IN- e o[ ] BAT NEG

IN~ []7 8[] IN+ AMPL #4

The DS3680I telephone relay driver is a monolithic integrated circuit designed to interface —48-V relay
systems to TTL or other systems in telephone applications. It is capable of sourcing up to 50 mA from
standard — 52-V battery power. To reduce the effects of noise and IR drop between logic ground and battery
ground, these drivers are designed to operate with a common-mode input range of +20 V referenced to
battery ground. The common-mode input voltages for the four drivers can be different, so a wide range
of input elements can be accommodated. The high-impedance inputs are compatible with positive TTL
and CMOS levels or negative logic levels. A clamp network is included in the driver outputs to limit high-
voltage transients generated by the relay coil during switching. The complementary inputs ensure that
the driver output will be “‘off’’ as a fail-safe condition when either output is open.

The DS3680I is characterized for operation from —40°C to 85°C.

symbol (each driver)

BATTERY GROUND

NONINVERTING
INPUT IN+ ——|F

INVERTING
INPUT IN—

OUTPUT

BATTERY NEGATIVE

schematic diagram (each driver)

IN +

15 k@

BAT GND

’!{ ’—{: 7 3

fA k&l OuUTPUT

3 BAT NEG

All resistor values shown are nominal.
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DS3680!
QUAD TELEPHONE RELAY DRIVER

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

Supply voltage range at BAT NEG, VB— (see Note 1)....................... -70Vto 0.5V
Input voltage range with respect to BATGND ... ... ...t -70Vto20V
Input voltage range with respect to BATNEG. ... ..... ... ... . ... ........ -05Vto70V
Differential input voltage, VIp (see Note 2) . ........ .. .t +20V
Output current: resistiveload .. ............ ... ... ... ... ... .. .iivre... —100mMA

inductive load . .. ... .. ... e e -50 mA
Inductive output load ... .. e e ieeiiiinee.... BH
Continuous total power dissipation . .......... vveeerine. ... See Dissipation Rating Table
Operating free-air temperature range, TA . .. .. o ottt e e —40°C to 85°C
Storage temperature raNgGE . . v v v vt e ittt e e e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds . . ... .. ... ........... 260°C

NOTES: 1. All voltages are with respect to the BAT GND terminal unless otherwise specified.
2. Differential input voltages are at the noninverting input terminal IN + with respect to the inverting input terminal IN —.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C TA = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 950 mW 7.6 mw/eC 608 mW 494 mW
N 1150 mW 9.2 mW/°C 736 mW 588 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vg -10 -60 \'
Input voltage, either input 20T 20 \
High-level differential input voltage, V|pH 2 20 \4
Low-level differential input voltage, Vipi -20t1 0.8 \4
Operating free-air temperature, Ta -40 BS °C

TThe algebraic convention, in which the less positive {more negative) limit is designated minimum, is used in this data sheet for input voltage
levels.

electrical characteristics over recommended operating free-air temperature range, VB—- = —52V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
: . . Vip =2V 40 100
I High-level input current (into IN + A
H 9 P { ’ Vip = 7V 375 1000 | “
Vip = 04V . 0.01 &
| - b t t (into IN+ 1
L Low-level input current (into ) Vip = =7V r— vA
VO(on) On-state output voltage lg = —50 mA, Vip =2V -1.6 - ... \
! Off-state output current Vo =V, Vip = 08 Y “2 -] A
-state output cur = Vg- .
Otoff) P 0 B Inputs open -2 -1 ¥
IR Clamp diode reverse current Vo =0 2 100 A
v Output clamp voltage lo = 50 mA 0.9 1.2 v
OK P P votag lo = —50 mA, Vg_ = 0 09 -12
IB{on) On-state battery current All drivers on -2 -44 mA
Ig{off) Off-state battery current All drivers off -1 -100 uA
¥All typical values are at Ta = 25°C.
T /
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DS36801
QUAD TELEPHONE RELAY DRIVER

switching characteristics VB~ = —52 V, TpA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Turn-on time Vip = 3-V pulse, RL = 1 k4, -1 10 us
toff  Turn-off time L=1H, See Figure 2 1 10 #S

PARAMETER MEASUREMENT INFORMATION

BAT GND
N —

M

LOAD

]

52V

-52V

INPUT
oUTPUT
RL=1kR
L=1H

-52V

TEST CIRCUIT

INPUT _1:7‘[ ____________ — Sk
ov
I - Vo(on)
OUTPUT _25V _25 vy
_ N x 52V

VOLTAGE WAVEFORMS

FIGURE 2. SWITCHING CHARACTERISTICS, EACH DRIVER
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DS36801
QUAD TELEPHONE RELAY DRIVER

APPLICATION INFORMATION

52 V BATTERY

w
12
-~
F-Y
X
%
[

9

{9) DS3680I

(1) BAT NEG q

(2)
(1)
(3)
{5)
(6)
(8)
(7)

|
|
|

(13}

5%

ouT #1

=
N

NTINTINTIN

(12)

z
——— ——— —— ——
> >
$ 3
= =
® 0%
'R
[

QO

AMPL #4 ouT #2

CONTROL =
SIGNAL -

SOURCE (11)
OuUT #3

S
N

0
OUT #4 o

K1THRU K4
50-V RELAY COILS — 60 mA MAX

BAT GND

J-(M)

FIGURE 3. RELAY DRIVER
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L293

QUADRUPLE HALF-H DRIVER

D2942, SEPTEMBER 1986 —REVISED MAY 1990

1-A Output Current Capability Per Driver NE PACKAGE
(TOP VIEW)
Pulsed Current 2-A Driver
) 1.2eN [y Uss[] Veen
Wide Supply Voltage Range: aA
4.5V to 36 V 1AL s
-5 Vito 1v(s a0 4y
® Separate Input-Logic Supply HEATSINK AND §[Ja  13[] | HEATSINK AND
. o GROUND 5 12 GROUND
® NE Package Designed for Heat Sinking 2v¥ e 1103y
® Thermal Shutdown 2A7 w0 3A
. V 8 9[] 3.4EN
® Internal ESD Protection cc2 :
@ High-Noise-Immunity Inputs FUNCTION TABLE
{EACH DRIVER)
® Functional Replacement for SGS L293
INpUTST | ouTPUT
description A EN Y
. . H H H
The L293 is a quadruple high-current half-H L H L
driver designed to provide bidirectional drive X L z
currents of up to one ampere at voltages from H = high-level
4.5V to 36 V. It is designed to drive inductive L = low-level
loads such as relays, solenoids, dc and bipolar X = iffeLeyaﬂt
stepping motors, as well as other high- zZ-= T;?f)"mpe‘ja"ce

current/high-voltage loads in positive-supply

M Tin the thermal shutdown mode, the output is in the high-impedance
applications.

state regardless of the input levels.

Allinputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor
sink and a psuedo-Darlington source. Drivers are enabled in pairs with drivers 1 and 2 enabled by 1,2EN
and drivers 3 and 4 enabled by 3,4EN. When an enable input is high, the associated drivers are enabled
and their outputs are active and in phase with their inputs. When the enable input is low, those drivers
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each
pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

External high-speed output clamp diodes should be used for inductive transient suppression. A VCC1
terminal , separate from V2, is provided for the logic inputs to minimize device power dissipation.

The L293 is designed for operation from 0°C to 70°C.

logic symbol¥

(2)

1A (o4 (3)
) EN v w
1,2EN
;)C EUNCI T
NI
L R NLI
(9) — EN
L4EN
34en—4¢ | EN O 114)
{15) U —aY
an —1

$This symboil is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.

logic diagram

3y

PRONUCTION DATA documents contain information
ct-=- .= s of publication date. Products conform to
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1293
QUADRUPLE HALF-H DRIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
-—- . 4 L Veez
vecer '
CURRENT
]
INPUT &————— OUTPUT
p
GND —
b3
S
—_—— ’ GND

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

Logic supply voltage, VCc1 (see Note 1)........ e

Output supply voltage, V2 -« o v oot e e
INPUL VOIAGE . . . .o e e
Output voltage range .. .. ... ...t

Peak output current (nonrepetitive, t < 5 ms)

Continuous OULPUL CUITENT . . . . ...ttt ittt et ee e e
Continuous total dissipation at (or below) 25°C free-air temperature

(see Notes 2 and 3) .. ... ... 2075 mW
Continuous total dissipation at 80°C case temperature (see Note 3). .. .. ............ 5000 mW
Operating case or virtual junction temperature range . ..................... —40°C to 150°C
Storage temperature range . .. ... .. .. ..uut e et -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. .. ... ................ 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mwW/°C.
3. For operation above 25 °C case temperature, derate linearly at the rate of 71.4 mW/°C. Due to variations in individual device
electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly
above or below the rated dissipation.

recommended operating conditions

MIN MAX UNIT
Logic supply voltage, Ve 4.5 7 \
Output supply voltage, Vo2 36 \
High-level input voltage, V|H ://22: i ; z 22 7 v
Low-level input voltage, V)L —0.37 1.5 v
Operating free-air temperature, Tp [o] 70 °C

tThe algebraic convention, in which the least positive {most negative) designated minimum, is used in this data sheet for logic voltage levels.

TeExas {?
INSTRUMENTS
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1293
QUADRUPLE HALF-H DRIVER

electrical characteristics, Vg1 = 5V, Vgc2 = 24V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vo High-level output voltage loH = ~1A Vee2-1.8 Vega—1.4 \
VoL Low-level output voltage gL = 1A 1.2 1.8 \4
Iy High-level input current A V) =7V 0.2 100 uhA
EN 0.2 +10
X A -3 -10
TN Low-level input current N V=0 ry 700 uA
All outputs at high level 13 22
Icc1  Logic supply current ip=0 All outputs at low level 35 60 mA
All outputs at high impedance 8 24
All outputs at high level 14 24
icc2  Output supply current o =0 All outputs at low level 2 6 mA
Ali outputs at high impedance 2
switching characteristics, Vg1 = 5V, Vgc2 = 24V, Ta = 26°C
PARAMETER - TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH Propagation delay time, low-to-high-level output from A input 800 ns
tpyqL Propagation delay time, high-to-low-level output from A input CL = 30 pF, 400 ns
tTLH  Transition time, low-to-high-level output See Figure 1 300 ns
tTHL  Transition time, high-to-low-level output 300 ns

PARAMETER MEASUREMENT INFORMATION

INPUT slv zaiv | e 1 | N

| 3v
PULSE Veet Veez |
GENERATOR |—¢—{A INPUT I
{See Note A) |
\ OQUTPUT | 0
p——tw———bl
3 v——EN CL = 30 pF | |
{See Note B) |
GND | :
L |
= = —>l-tprL p—>tPLH
| | VoH
TEST CIRCUIT

OUTPUT

I
H'THL H‘TLH

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: t, < 10 ns, t; < 10 ns, tyy = 10 s, PRR = § kHz, Z, = 50 Q.
B. Cp includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES

TEXas {?
INSTRUMENTS
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1293
QUADRUPLE HALF-H DRIVER

APPLICATION INFORMATION

5V 24V
% Veer Vcez
10 kQ 16 3
¢ 1:2EN
1 > —
'
Control A ‘DOL “; g/i vl o
A7 EO
4
b Motor
2A N 2Y!
7 6
3,4EN
IpwEiDy
b
Control B 3A 3v
) Y "
7
15 14 }
Thermal
1
l 4,5,12,13
= GND

Figure 2. Two-Phase Motor Driver

Texas {5‘
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1293D

QUADRUPLE HALF-H DRIVER

D3511, SEPTEMBER 19B6~REVISED MAY 1930

600-mA Output Current Capability Per
Driver

Pulsed Current 1.2-A Per Driver

Output Clamp Diodes for Inductive Transient
Suppression

Wide Supply Voltage Range:
45 Vto 36V

Separate Input-Logic Supply
Thermal Shutdown

Internal ESD Protection
High-Noise-Immunity Inputs

Functional Replacement for SGS L293D

description

The L293D is a quadruple high-current half-H
driver designed to provide bidirectipnal drive
currents of up to 600 mA at voltages from 4.5 V
to 36 V. It is designed to drive inductive loads
such as relays, solenoids, dc and bipolar stepping
motors, as well as other high-current/high-
voltage loads in positive-supply applications.

NE PACKAGE
{TOP VIEW)
t.2eN [ Uys[] veet
1Az 1] 4A
1vds  1af] 4Y
HEATSINK AND §[Ja 1300 } HEATSINK AND
GROUND { Es 12[1 § GROUND
2Y s 1 ] 3y
28]y 100 3A
veez (s s[] 3,4EN

FUNCTION TABLE
{(EACH DRIVER)

INPUTS

OUTPUT

A EN

Y

H
L
z

{off}

= high-level
= low-level
= irrelevant
= high-impedance

Tin the thermal shutdown mode, the output is in the high-impedance
state regardiess of the input levels.

Allinputs are TTL-compatible. Each output is a complete totem-pole drive circuit with a Darlington transistor
sink and a psuedo-Darlington source. Drivers are enabled in pairs with drivers 1 and 2 enabled by 1,2EN
and drivers 3 and 4 enabled by 3,4EN. When an enable input is high,the associated drivers are enabled
and their outputs are active and in phase with their inputs. When the enable input is low, those drivers
are disabled and their outputs are off and in a high-impedance state. With the proper data inputs, each
pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid or motor applications.

A V(1 terminal, separate from V2, is provided for the logic inputs to minimize device power dissipation.
The L293D is designed for operation from 0°C to 70°C.

logic symbol?

(2)
1A > o 3y
1,2en UL E: = o
22y
PN Ll v
110)
3A(9' N [ o 11,y
3,4EN
{ EN D (14)
{15) ViF—4a
a1

#This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

logic diagram

3A (10)

3,4EN
4A {15}

3y

1
nacessarily include testing of all paremeters.

‘ycuments contain information
on date. Products conform to
ne terms of Texas Instruments
Production processing dess not
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1293D
QUADRUPLE HALF-H DRIVER

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
- 4 ¢ Veea
vVee1
CURRENT
SOURCE
p
INPUT < OUTPUT
4
GND
——— GND

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

Logic supply voltage, VCC1 (see Note 1}. .. ... e e e 36V
Output supply VOage, VG2 - - v v v vttt e e e e e 36V
INPUL VOAGE . . . .o e e e e e e e e e 7V
Output voltage range . .. ... ... vttt ittt it e e e -3VtoVceca+3V
Peak output current (nonrepetitive, t < 100 uS) . .. .. ittt e e +1.2 A
ContinUOUS OULPUL CUITENT. . . . . oottt et et et e e et e e e e in e e ne e e e e +600 mA
Continuous total dissipation at (or below) 25°C free-air temperature

([see Notes 2 and 3) ... .. .. i e e e e 2075 mW
Continuous total dissipation at 80°C case temperature (see Note 3}................. 5000 mW
Operating case or virtual junction temperature range . .. ................... —40°C to 150°C
Storage temperature range . ... .. ... e e s —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... .. e e e 260°C

NOTES: 1. Ali voltage values are with respect to the network ground terminal.
2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C.

3. For operation above 25 °C case temperature, derate linearly at the rate of 71.4 mW)/°C. Due to variations in individual device
electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly

above or below the rated dissipation.

recommended operating conditions

MIN MAX | UNIT
Logic supply voitage, Vg1 4.5 7 \
Output supply voltage, Vce2 Veer 36 \

" . Vee1 =7V 2.3 Veer
High-level input voitage, V|4 Vool =7V 23 7 \4
Low-level input voitage, V| -0.31 1.5 \
Operating free-air temperaturs, TA [+] 70 °C

TThe algebraic convention, in which the least positive (most negative} designated minimum, is used in this data sheet for logic voitage levels.

TeExas "4‘
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L293D

QUADRUPLE HALF-H DRIVER

electrical characteristics, Vgc1 = 5V, Vgc2 = 24V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Voy  High-level output voltage lopH = -0.6 A Vee2-1.8 Vego-1.4 \
VoL Low-level output voltage o = 0.6 A 1.2 1.8 \
VokH High-level output clamp voltage| lox = 0.6 A Vega+1.3 \2
VoKL Low-level output clamp voltage| log = —-0.6 A 1.3 \
H High-level input current :N V=7V g: :1)2 HA
A ~3 -10
IR Low-level input current N V=0 - 700 A
All outputs at high level 13 22
icc1  Logic supply current ip=0 All outputs at low level 35 60 mA
All outputs at high impedance 8 24
Ali outputs at high level 14 24
Iccz Output supply current Ilp =0 All outputs at low level 2 6 mA
All outputs at high impedance 2 4
switching characteristics, VcC1 = 5V, Vgg2 = 24V, Ta = 25°C
PARAMETER TEST CONDITIONS MiN TYP MAX | UNIT
tptH  Propagation detay time, low-to-high-level output from A input ROO ns
tpHL  Propagation delay time, high-to-low-levet output from A input CL = 30 pF, . ns
tTLH  Transition time, low-to-high-level output See Figure 1 : ns
tTHL  Transition time, high-to-low-level output 300 ns

PARAMETER MEASUREMENT INFORMATION

INPUT 5V 24V
1 e

!
PULSE Veer Veez |
GENERATOR |-e—{a INPUT |
{See Note A) |
Y OUTPUT |
e tw—
3 yv—rAEN CL = 30 pF |
{See Note B}
GND I
L |
= = —pl- tpHL
TEST CIRCUIT

|t——u|— tTHL

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: t; < 10 ns, t§ < 10 ns, ty =

B. C includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES

10 us, PRR = 5 kHz, Z, = 50 Q.

Toxas {?
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L293D

QUADRUPLE HALF-H DRIVER

APPLICATION INFORMATION

Control A *DO

e Thermal
Shutdown

5V 24V
Veer Veez
10 kQ
16 3
1,2EN
T
L
,
1A _ 1Y
2 %)7/ 'i |
q % Q
4 Motor
2A 2Y
*
7 i 6
3,4EN
apsiDs
..—. ‘
>
3A 3y
) /5:/ 'i 11
L
4A ’}- i
) j“{/ M

I 4,5,12,13
L GND

Flgure 2. Two-Phase Motor Driver
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1298
DUAL FULL-H DRIVER

02942, OCTOBER 1986 —REVISED JUNE 1990

® 2-A Output Current Capability per Full-H
Driver

® Wide Range of Output Supply
Voltage . . . 5V to 46 V

Separate Input-Logic Supply Voltage
Thermal Shutdown
Internal Electrostatic Discharge Protection

High Noise Immunity

Functional Replacement for SGS L298

description

The L298 1s a dual high-current full-H drniver
designed to provide bidirectional drive currents
of up to two amperes at voltages from 5 V to
46 V It1s designed to drive inductive loads such
as relays, solenoids, dc motors, stepping motors,
and other high-current or high-voltage loads in
positive-supply applications All inputs are TTL
compatible Each output (Y} is a complete totem-
pole drive with a Darlington transistor sink and
a psuedo-Darlington source. Each full-H driver is
enabled separately Outputs 1Y1 and 1Y2 are
enabled by 1EN and outputs 2Y1 and 2Y2 are
enabled by 2EN When an EN input i1s high, the
associated channels are active When an EN
input is low, the associated channels are off (1 e ,
in the high-mpedance state)

Each half of the device forms a full-H reversible
driver suitable for solenoid or motor applhications

The current n each full-H driver can be
monitored by connecting a resistor between the
sense output terminal 1E and ground and another
resistor between sense output terminal 2E and
ground.

External high-speed output-clamp diodes should
be used for inductive transient suppression To
minimize device power dissipation, a VCC1
supply voltage, separate from V2, is provided
for the logic inputs

The L298 1s designed for operation from 0°C to
70°C

KV PACKAGE
(TOP VIEW)

/ A AT | — Y
L] | N A )

K] | ——A
1P| — )
LA} | IR =\
L] | —Y.N
> Veer
O GND
1Az
[ >EN
o
— V7o
> 1v2
[ v

[ > e

w

O

= N WA DN

)

The tab is electrically connected to pin 8

logic symbolt

(5} >4 (2)

1A ———— ob—-=1m
61 EN 1
1en - = LT
7 BN 3
142 ——— ob—2 v
10 1
2A1.L_ & iv} a3 2Y1
EN
(11 (15)
2EN 2E
g
EN 141
1
20282 ob———2v2

T This symbol 1s 1n accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12

FUNCTION TABLE
(EACH CHANNEL}

INPUTSE | OUTPUT
A EN ¥

H H H

L H L

X L z

*In the thermal shutdown
mode, the outputs are In
the high-impedance state
regaraless of tne input
levels

H = high-level

L = low-level

X = irrelevant

Z = high-impedance (off}

PROMICTION 1™ 1*  jcuments centain mfermatien
' raso° ' . -ondate Preducts cenferm te

+ " atien. .. . terms ef Texas Instruments
siatuart Prad pr g doas not
necessardy include testing of all paramaters

{I’
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INSTRUMENTS
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1298
DUAL FULL-H DRIVER

logic diagram {positive logic)

1Y1 1v2 Veez 2Y1 2y2
vee, @ @ R (3 lml 13) . 14)
1 > 02 2n2
q 3 4 ]

1A2 (7) (10)2A1
1en-8L 01 sen

(1 (8} (15}

1€ GND 2E
absolute maximum ratings over operating temperature range (unless otherwise noted)
Logic supply voltage, VcC1.(seeNote 1) ... ....... ... ... ... ... ... ... .. e 7V
Output supply VOagE, VCC2 -+ - v v v o et e e e e e e 50 V
Input voltage range at A or EN, V. . ... i e e -03t0o7V
Output voltage range, VO - . . . .. .o o e -2VtoVgeoa+2V
Emitter terminal (1€ and 2E) voltage range .. ... ... ...ttt inennen.. -0.5t023V
Emitter terminal (1E and 2E) voltage (nonrepetitive, tw < 80 us) .. ...... ... ... ........ -1V
Peak output current, IQM, (nonrepetitive, tyw < 0.1ms). .. .. ... ... +3 A
(repetitive, tyy < 10 ms, duty cycle < 80%) ............... +2.5A
Continuous output current, 10 . . . . .. .. o e e +2 A
Peak combined output current for each full-H driver {see Note 2)

(nonrepetitive, tywy < 0.1 ms) . . ... . ... ... +3 A
(repetitive, tyy < 10 ms, duty cycle < 80%) .............. +25 A
Continuous combined output current for each full-H driver (see Note 2) .. ... .......... 3.575 W
Continuous dissipation at (or below) 25°C free-air temperature (see Note 3) ........... 3.575 W
Continuous dissipation at (or below) 75°C case temperature (see Note 3} . . .............. 25 W
Operating free-air, case, or virtual junction temperaturerange. .. .. ........... —40°C to 150°C
Storage temperature raNge . . . ..o v it i it e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcase for 10seconds . . . .. ................. 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal, untess otherwise noted.

2. Combined output current applies to each of the two full-H drivers individually. This current is the sum of the currents at outputs
1Y1 and 1Y2 for full-H driver 1 and the sum of the currents at outputs 2Y1 and 2Y2 for full-H driver 2. The full-H drivers
may carry the rated combined current simuitaneously.

3. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/°C. For operation above 75°C case
temperature, derate linearly at the rate of 333 mw/°C. Due to variations in individual device electrical characteristics and
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated
dissipation.

4-16
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L2938
DUAL FULL-H DRIVER

recommended operating conditions

MIN MAX | UNIT
Logic supply voltage, VcC1 4.5 7 \
Output supply voltage, Vcco 5 46 \
-0.5t 2
Emitter terminal (1€ or 2E) voltage, VE (see Note 4) Veer—3.6 v
Veea-4
A 2.3 Veer
. . Vee2~2.5
High-level input voltage, V)H {see Note 4) 53 7 v
EN
Vect
Low-level input voltage at A or EN, Vi -0.31 1.5 Y
Output current, lg +2 A
Commutation frequency, fg 40 kHz
Operating free-air temperature, Ta o] 70 °C

T The algebraic convention, in which the least positive {most negative) designated minimum, is used in this data sheet for emitter terminal

voltage and logic voltage levels.
NOTE 4: For optimum device performance, the maximum recommended voitage at any A input is 2.5 V lower then Vcg 2, the maximum
recommended voltage at any EN inputis VCcq. and the maximum recommended voltage at any emitter terminal is 3.5 V lower
than Vccq and 4 V lower than Vcca.

electrical characteristics, Vcc1 = 5V, Vgc2 = 42V, VE = 0, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. o = -1 A Vee-1.8 Vego-1.2
V, High-level output voltage v
OH M P i Ton = —2A Veca-2.8 Voo - 1.8
loL=1A VE+1.2  Vg+1.8
V. Low-level t volt: \
oL towsevel output voltage oL = 2A Ve+17  VE+26
v Total source plus sink o4 = ~1A, lgo=1A See Note § 2.4 3.4 v
drop output voltage drop IoOH = -2A, lgL=2A 3.5 5.2
. . A Vi = Vi4 30 100
{ High-level t t A
IH fgh-levelinput cument Fel [ Vi = Vin = Voc1-0.6 V 30 00| *
L Low-level input current Vi=0to 15V -10 A
All outputs at high level 7 12
tcc1  Logic supply current g =0 All outputs at low level 24 32 mA
All outputs at high impedance 4 6
All outputs at high level 38 50
lcc2  Output supply current ip =0 Ali outputs at low level 13 20 mA
All outputs at high impedance 2
NOTE 5.

The Vdrop specification applies for Igy and g applied simuitaneously to different output channels.
Vdrop = VcC2 — VOH + VoL — Ve

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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1298

DUAL FULL-H DRIVER

switching characteristics, Vg1 = 5V, Vgg2 = 42V, Vg = 0, TA = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tdlon) Source current turn-on delay time from A input 2.5 us
td(off) Source current turn-off delay time from A input 1.7 us
tr Source current rise time (turning on} CL = 30 pF, 0.4 us
tf Source current fall time (turning off) See Figure 1 0.2 us
td{on) Source current turn-on delay time from EN input 2.5 £
td(off) Source current turn-off delay time from EN input 1.7 us
tdion) Sink current turn-on delay time from A input 1.5 us
tdioff) Sink current turn-off delay time from A input 0.7 us
t Sink current rise time (turning on) Cp = 30 pF, 0.2 s
tf Sink current fall time (turning off) See Figure 2 0.2 us
td{on) Sink current turn-on delay time from EN input 1.5 us
td(off) Sink current turn-off delay time from EN input 0.7 us

4-18
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L2938
DUAL FULL-H DRIVER

PARAMETER MEASUREMENT INFORMATION

5V a2y
INPUT l l
PULSE AEN Veer vVeez
GENERATOR * CIRCUIT ~lon |
{See Note A) | {See Note B} UNDER Y 9 OUTPUT
4 v—-—EN/A TEST _Lc 30 pF ¢
an <
N E T‘SL"G Note ) 3 FL = 202
T ®
TEST CIRCUIT

INPUT VOLTAGE
WAVEFORM
{See Note B)

—»  [—td{on) —» e thioff)

|
10%

|
|
|
OUTPUT CURRENT |
!
|

WAVEFORM
-2 A
40V
OUTPUT VOLTAGE
WAVEFORM
0

VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 2 kHz, Z, = 50 Q.
B. ENis at 4 V if A is used as the switching input. A is at 4 V if EN is the switching input.
C. C includes probe and jig capacitance.

FIGURE 1. SOURCE CURRENT SWITCHING TIMES FROM DATA AND ENABLE INPUTS

{i’
TeEXAs
INSTRUMENTS
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L298
DUAL FULL-H DRIVER

PARAMETER MEASUREMENT INFORMATION

5V a2v
INPUT
PULSE
GENERATOR o2 Veen Veez| 1SR =200
(See Note A) | (See Note B} CIRCUIT

UNDER v OUTPUT
4 VIEN] EN/A TEST ]
}___ CL = 30 pF

0 Via) Gho E :l\ {See Note C)
TEST CIRCUIT
[—»-=< 10ns je—>-= 10ns
INPUT VOLTAGE
WAVEFORM
AT A
{See Note B)

INPUT VOLTAGE
WAVEFORM
AT EN
{See Note B)

OUTPUT CURRENT
WAVEFORM

VoH = 42V

OUTPUT VOLTAGE
WAVEFORM

—_—————_ VoL =2V

VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 2 kHz, Z, = 50 Q.
B. ENis at 4 V if A is used as the switching input. A is at O V if EN is the switching input.
C. Cy includes probe and jig capacitance.

FIGURE 2. SINK CURRENT SWITCHING TIMES FROM DATA AND ENABLE INPUTS

*i’
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L298
DUAL FULL-H DRIVER

APPLICATION INFORMATION

This circuit shows one half of an L298 used to provide full-H bridge drive for a 24-V 2-A dc motor. Speed control
is achieved with a TLC555 timer. This provides variable duty cycle pulses to the EN input of the L298. In this
configuration, the operating frequency is approximately 1.2 kHz. The duty cycle is adjustable from 10% to 90%
to provide a wide range of motor speeds. The motor direction is determined by the logic level at the direction
control input. The circuit may be enabled or disabled by the logic level at the EN input. A 5-V supply for the
logic and timer circuit is provided by a TL431 shunt regulator. For circuit operation, refer to the function table.

FUNCTION TABLE

ENABLE DIRECTION 1Y1 1v2
CONTROL
H H source sink
H L sink source
L X disabled disabled

X = don't care H = high level L = low level

1 k2

820 0
ANA- T T e A 24v
SPeED &10 k@ RESET Vob
conTroL 3¢9 OIsc 10 4
18914 u TL431
, THR  TLC555  ouT
$1ka —'I DC MOTOR
1 TRIG s 1.2
GND CONT W ke

0.1 uFT 4
= = 2.7 k0
1/2 1298

— V1 Y2
DIRECTION _| r
CONTROL | 11 1A2

L{:Do_l_«. §V
Vv cc2
vy | 2,7 k2 el e GND 1EN
J L L

ENABLE—

]

=

ED": i

2.7 k@

Diodes are 1N4934 or equivalent.

FIGURE 3. L298 AS BIDIRECTIONAL DC MOTOR DRIVER

{i’
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SN55451B THRU SN55454B,
SN75451B THRU SN75454B
DUAL PERIPHERAL DRIVERS

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

SNEE451B | SN75451B

SNE54528 | SN75452B UNIT

SNE5453B | SN75453B

SN55454B | SN75454B
Supply voltage, Vi {see Note 1) 7 7 \
Input voltage 5.5 6.5 \
Interemitter voltage {see Note 2) 5.5 5.6 1
Off-state output voltage 30 30 \
Continuous collector or output current {see Note 4) 400 400 mA
Peak collector or output current 500 500 mA
{tw = 10 ms, duty cycle < 50%, see Note 4)
Continuous total power dissipation See »ation Rating Table
Operating free-air temperature range, Ta -85t . 0to 70 °C
Storage temperature range —8R tn 150 | —65 to 160 °C
Case temperature for 60 seconds FK package e °C
Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds JG package °C
Lead temperature 1,6 mm (1,16 inch) from case for 10 seconds D or P package 260 °C

NOTES: 1. Voltage values are with respect to the network ground terminal unless otherwise specified.

2. This is the voltage between two emitters of & multiple-emitter transistor.

3. This value applies when the base-emitter resistance (Rgg) is equal to or less than 600 Q.

4, Both halves of these dual circuits may conduct rated current simuitaneously; however, power dissipation averaged over a

short time interval must fall within the continuous dissipation rating.

DISSIPATION RATING TABLE

PACKAGE Ta s 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE Tp = 26°C POWER RATING POWER RATING
D 725 mw 5.8 mW/°C 464 mW -
FK 1375 mwW 11.0 mwW/°C 880 mW 275 mw
JG 1050 mW 8.4 mW/°C 672 mW 210 mwW
P 1000 mW 8.0 mw/°C 640 mW -

recommended operating conditions

SERIES 554518 SERIES 754513._ UNIT
"MIN NOM MAX MIN NOM MMAX
Supply voltage, Voo . 4.5 6 6.5 | 4.76 5 U..b '
High-levei input voltage, ViH 2 2 Vv
Low-level input voltage, Vi nAa : 0.8 \
Operating free-air temperature, Ta -65 . 0 70 °C

{i’
EXAS
INSTRUMENTS
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SN55451B, SN75451B
DUAL PERIPHERAL POSITIVE-AND DRIVERS

logic symbol?

it 2D
1A 3)
1y
s 2 [o]
2p 18 (5)
7 — 2Y
28

tThis symbol is in accordance with ANSV/IEEE Std 91-1984 and
IEC Publication 617-72.

FUNCTION TABLE

(EACH DRIVER)
A B Y
L L L (on state)
L H L {on state)
H L L {on state)
H H H {off state)

logic diagram (positive logic)

31

) B
1A

(2)
18

5)

(6) — 2Y
2A

@
28

b ano

schematic (each driver)

$aka 216ka

positive logic: A —g Y
Y = ABor A+B
B8 —|
y ¥ 3
31k
L o ’; $— GND
Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
SN55451B SN754518
PARAMETER TEST CONDITIONS* 5545 3 UNIT
MIN TYPS MAX | MIN TYPS MAX
Vik input clamp voitage B Vee = MIN, I = =12 mA -1.2 -15 -1.2 -1.5 \%
Vee = MIN, = B
loH High-level putput current cc ViH = MIN 300 100 nA
VoH = 30V
Vee = MIN, Vi =08V,
'OCC ooma 025 05 0.25 0.4
L=
Vi Low-level output voitage v
OL “owrlevel output voltag Vg = MIN, Vi = 0.8V,
05 0.8 0.5 0.7
lgL = 300 mA
1] Input current at maximum input voltage | Vgc = MAX, V| =566V 1 1 mA
|4  High-level input current Vee = MAX, V=24V 40 40 pA
L Low-level input current Vee = MAX, Vi =04V -1 -1.6 -1 ~-1.6 | mA
lccH Supply current, putputs high Vee = MAX, V=5V 7 11 7 11 mA
lccL Supply current, putputs low Vee = MAX, Vi =0 52 65 52 65 | mA
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
8 All typical values are at Vog = 5V, Tp = 25°C.
switching characteristics, Vgg = 5 V. TA = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpiH Propagation delay time, lpw-td-high-level putput 18 25 ns
tpHL Propagation delay time, high-to-low-level putput i = 200 mA, C = 15 pF, 18 25 ns
tTLH Transition time, low-to-high-level output R =504, See Figure 1 5 8 ns
tTHL Transition time, high-to-low-level output 7 12 ns
v High-level output volt " chi SN554518 | Vg =20V, Ig = 300 mA, Vg-6.5 mv
-leve ni
OH Fligh-level output voltage atter SWItChing - oy764518 | See Figure 2 V5-6.5
i
TEXAS s
INSTRUMENTS
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SN55452B, SN754528
DUAL PERIPHERAL POSITIVE-NAND DRIVERS

logic symbolt

logic diagram (positive logic)

(3)

(1) &D 1Y
1A ————— (1)
2) (o3 ¥‘3) 1Y 1A
1B —— 8 (2)
(6)
2A = N 51 oy
2B ) ()
NG — 2Y
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 7)
IEC Publication 617-12, 2B
lﬂ GND
FUNCTION TABLE
{EACH DRIVER)
schematic {each driver)
A B Y
L L H (off state) T v
L H H (off state) cec
H L H (oft state}
H H L (on state}
Y
positive logic
Y = ABor A+B
GND
Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
SN55452B SN75452B
PARAMETER TEST COND(TIONS ¥ % UNIT
MIN  TYP MAX | MIN TYPS MAX
ViK Input clamp voltage Ve ="' = —12 mA -1.2 -156 -1.2 =15 \4
., Vee = ' ViL=08V
! High-level output t 30
OH igh-level output curren Vou = 30 V 0 100 rA
\% MIN, ViH = MIN
ce H 025 05 0.26 0.4
lor = 100 mA
VgL  Low-ievel output voltage A
Vee = MIN. - Vin = MiN, 05 0.8 0.5 0.7
oL = 300 mA i ’ ' )
i Input ent at i
) ! put current at maximum Vee = MAX, V| = 5.5V 1 1 mA
input voltage
IH High-levet input current Veg = MAX, V) =24V 40 40 HA
L Low-level input current Vee = MAX, V) =04V -1.1 -1.6 -1.1 -16 mA
IccH_ Supply current, outputs high Vce = MAX, Vi=0 11 14 11 14 mA
lccL  Supply current, outputs low Vee = MAX, V=5V 56 71 56 71 mA
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
5 All typical values are at Ve = 5V, Tp = 25°C.
switching characteristics, Vgc = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLy Propagation delay time, low-to-high-level output 26 35 ns
tpHL Propagation delay time, high-to-low-level output o = 200 mA, CL = 15 pF, 24 35 ns
t7LH Transition time, low-to-high-level output RL = 60 Q, See Figure 1 5 B ns
tTHL Transition time, high-to-low-ievei output 7 12 ns
' . SN65452B | Vg = 20V, Ig = 300 mA, Vg-6.5
V High-fevel output volt fti itchi
OH High-level output voitage after switching SN754528 See Figure 2 Ve-6.5 mv
i
EXAS b
INSTRUMENTS
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SN55453B, SN75453B
DUAL PERIPHERAL POSITIVE-OR DRIVERS

logic symbolt

logic diagram (positive logic)

() (3
1A =10 (3) () i
(2) Q1Y 1A
1B ———
(2)
oa 16 18
(5)
p——— 2Y
(7}
28 5],y
2280 2
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and -
IEC Publication 617-12. 28
}ﬁ GND
FUNCTION TABLE
(EACH DRIVER) . .
schematic (each driver}
A B Y
L L | L (on state) 3 3 Vee
L H H (off state) 4k "‘LGkQ ;’4 kQ 130
H L H {off state)
H H H (off state)
A Y
-4
positive logic
Y = A+8or AB B
2 % 21ka 3500 0
- /71 GND
Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
SN55453B SN754538
PARAMETER TEST CONDITIONS* UNIT
MIN TYPS MAX | MIN TYPS Max
VK Input clamp voltage Vee = MIN, I} = —12mA -1.2 -15 -1.2 -15 \2
. Vee = MIN, Vi4 = MIN,
! High-level output t 300 100 A
OH igh-level output curren Vo = 30V ©
A\ = MIN, ViL = 0.8V,
cc i 025 0.5 025 04
oL = 100 mA .
VoL Low-level output voltage v YT Vi — 08V \
ce =" L= 05 0.8 05 0.7
IpL = 300 mA
| input t i
i ‘npu current at maximum Vee = MAX, Vi = 55V 1 1 mA
input voltage
IiH High-level input current Vee = MAX, Vi =24V 40 40 pnA
i Low-level input cufrent Vee = MAX, Vi =04V -1 -1.6 -1 -1.6 mA
lccH  Supply current, outputs high Vee = MAX, Vi=5V 8 1 8 1M mA
lccL  Supply current, outputs low Vee = MAX, Vj = 0 54 68 54 68 mA
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
5 All typical values are at Voe = 5V, Ta = 25°C.
switching characteristics, Vc¢c = 5V, Ta = 26°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH Propagation delay time, low-to-high-level output 18 25 ns
tpH Propagation delay time, high-to-low-level output Ilo = 200 mA, C = 15 pF, 16 25 ns
tTH Transition time, low-to-high-tevel output RL = 501, See Figure 1 5 8 ns
tTHL Transition time, high-to-low-level output 7 12 ns
Vou High-level output voltage after switchi SNEgaRIR | Vs =20V, o ~ 300 mA, Vg~65 mv
CH igh-tevel output voltage after switcning SN7E See F|gure 2 VS—G.S
i
Trxas ‘V
INSTRUMENTS
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SN554548, SN75454B
DUAL PERIPHERAL POSITIVE-NOR DRIVERS

logic symbolt

logic diagram (positive logic)

(3)
1Y
1A (1]— =1D (3) 1A (1)
(2) < 1v
1B~ (2)
B
2A B | (5)
{7 P~—rn 2v
2B (5)
2y
28 (6)
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and (7
IEC Publication 617-12. 28
4
b ano
FUNCTION TABLE
{EACH DRIVER) ) .
schematic (each driver)
A B Y v
L L H (off state) cc
L H L {on state) 4k 130 Q@
H L L {on state)
H H L {on state) A
—4 Y
positive logic: B
Y A+Bor AB
W 3 1k 500
77 GND
Pin numbers shown are for D, JG, and P packages. Resistor values shown are nominai.
electrical characteristics over recommended operating free-air temperature range
SN55454B SN75454B
PARAMETER TEST CONDITIONS? UNIT
MIN. TYPS MAX | MIN TYP3 MAX
ViK Input clamp voltage Ve = MIN, f = =12 mA -1.2 -15 -1.2 -1.5 \
3 Ve = MIN, ViL=08V
| High-level output current 300 100 A
OH g P! ren Vou = 30 V 2
\ = MIN, ViH = MIN
cc H 0.25 05 025 0.4
loL = 100 mA
VoL  Low-level output voltage A
Vee = MIN, Viy = MIN,
0.5 0.8 0.5 0.7
lop = 300 mA
l Input current at maximum
! input curr Voo = MAX, V| =55V 1 1| ma
input voltage
iH High-level input current Voo = MAX, Vi =24V 40 40 A
liL Low-level input current Voo = MAX, Vi =04V -1 -~1.6 -1 -1.6 mA
lccH  Supply current, outputs high Vee = MAX, Vi =0 13 17 13 17 mA
lccL  Suppiy current, outputs low Veg = MAX, Vi=5V 61 79 61 79 mA
¥For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
§ Al typical values are at Veg =6V, Ta = 26°C.
switching characteristics, Vgg = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpH Propagation delay time, low-to-high-leve! output 27 35 ns
tpHL Propagation delay time, high-to-low-level output lp = 200 mA, Cp = 15 pF, 24 35 ns
tTLH Transition time, low-to-high-level output AL =500, See Figure 1 5 8 ns
tTHL Transition time, high-to-low-level output 7 12 ns
Veps High-level outout volt i b GNRRABAB | Vg = 20V, ig = 300 mA, V5-8.5 v
I -level output wi age after switchin - m
OH Mg put voltag ’ 9 . "BaB | See Figure 2 Vs-65
%
'XAS
INSTRUMENTS
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SN55451B THRU SN55454B
SN75451B THRU SN75454B
DUAL PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

-+ e <5ns - [H- <10 ns
[
|
i
INPUT 54y 0oV :
, <
4518 Ry =60 03
‘4528
| — OUTPUT
PULSE
GENERATOR CIRCUIT
{Sea Note A) UNDER
TEST
1
— CL = 15 pF
‘4538 GND :SUB {See Note B)
‘4548 |
04V = "J:" = =
OUTPUT
h —-I-=Vor
|
> ltrae tripd e
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The pulse genarator has tha following characteristics: PRR < 1 MHz, Z, = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES OF COMPLETE DRIVERS
Vg=20V
INPUT , 0 gy 2 mH
‘4518 1N3064 : 65
'452B
L1 OUTPUT
PULSE
GENERATOR |-# CIRCUIT
{See Note A) UNDER
TEST
T
*453B enp 'sus CL = 15 pF
‘4548 : {Saa Note B)
04V =T 4;' = = OUTPUT
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The puisa ganarator has tha following charactaristics: PRR < 12.5 kHz, Z5 =

50 Q.

B. Cy includas probe and jig capacitanca,

FIGURE 2. LATCH-UP TEST OF COMPLETE DRIVERS

{i’
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SN55451B THRU SN554548,
SN75451B THRU SN75454B
DUAL PERIPHERAL DRIVERS

TYPICAL CHARACTERISTICS

TRANSISTOR
COLLECTOR-EMITTER SATURATION VOLTAGE
vs
COLLECTOR CURRENT

>

| 0.6 T I

g

& Ic /

= & 0

S 05} Ig

5 See Note 5

£ 04 A

=1

2 TA=77/

|4

£ 03

: 4

w A

tss 0.2 e §7 Ta=0°C
A=

= ﬁ%éﬁ .

G o041 =1 _Tp=25°C

3

g 0

> 10 20 40 70 100 200 400

Ig—Collector Current—-mA

NOTE 5: These parameters must be measured using pulse techniques, tyy, = 300 us, duty cycle <2%.

FIGURE 3

{i,
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SN55461 THRU SN55464
SN75461 THRU SN75463
DUAL PERIPHERAL DRIVERS

D2218, DECEMBER 1976 —REVISED MAY 1990

PERIPHERAL DRIVERS FOR HIGH-VOLTAGE,

HIGH-CURRENT DRIVER APPLICATIONS

Characterized for Use to 300 mA
High-Voltage Outputs

No Output Latch-Up at 30 V (After
Conducting 300 mA)

Medium-Speed Switching

Circuit Flexibility for Varied Applications and
Choice of Logic Function

TTL-Compatibie Diode-Clamped inputs
Standard Supply Voitages

Plastic DIP (P} with Copper Lead Frame for
Cooler Operation and improved Reliability

Package Options Iinclude Plastic ‘*Small
Outiine’’ Packages, Ceramic Chip Carriers,
and Standard Plastic and Ceramic 300-mil
DIPs

SUMMARY OF SERIES 55461/75461

11.1r - | LOGIC | PACKAGES

- AND FK,JG

i 62 | NAND FK,JG

I ‘63 | OR FK.JG

" . .64 | NOR FK,JG

" SN75461 | AND D.P
SN75462 | NAND D.P
SN75463 | OR D.P

description

SN55461, SN55462,
SN55463, SN55464 . . . JG PACKAGE
SN75461, SN75462,
SN75463 . .. D OR P PACKAGE

(TOP VIEW)

1AE1UB Vee
18[]2 7{] 28
1v 3 6] 2A

GND []a s[] 2y

SN55461, SN55462,
SN55463, SN55464, . . . FK PACKAGE

(TOP VIEW)

8] 08()
2 > 2

Z -2

2 12019
NC [ a 18 NC
1B8Ss 17(] 28
NC[ls 16 [ NC
1w 15(] 2A
NC[)8 11 Ne
10111213

o0 >0
Z2zZ22N2
O

NC—No internal connection

These dual peripheral drivers are functionally interchangeable with SN55451B through SN55454B and
SN75451B through SN75453B peripheral drivers, but are designed for use in systems that require higher
breakdown voltages than those devices can provide at the expense of slightly slower switching speeds.
Typical applications include logic buffers, power drivers, relay drivers, lamp drivers, MOS drivers, line drQers,

and memory drivers.

The SN55461/SN75461, SN55462/SN75462, SN55463/SN75463, and SN55464 are dual peripheral
AND, NAND, OR, and NOR drivers, respectively, (assuming positive logic), with the output of the gates
internally connected to the bases of the n-p-n output transistors.

Series SN55461 drivers are characterized for operation over the full military temperature range of —55°C
to 125°C; Series SN75461 drivers are characterized for operation from 0°C to 70°C.

PRODHCTION DATA documents contain informatien

+ .5 of publicatien date. Products conferm to

Copyright © 1980, Texes instruments Incorporated

o ily inclu

tions per the tarms of Texas Instruments
warranlJ. Production precessing daes nat
tasting of all parameters.
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SN55461 THRU SN55464
SN75461 THRU SN75463
DUAL PERIPHERAL DRIVERS

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

{1/16 inch) from case for 10 seconds

SN55461 SN75461
z:::zﬁ; SN75462 UNIT
SN75463
SN55464
Supply voitage, V¢ (see Note 1) 7 7 A
Input voltage 5.5 5.5 \%
- emitter voltage {see Note 2) 5.5 5.5 \%
wu-state output voltage 2R 35 \%
Continuous collector or output current {see Note 3) 400 mA
Peak collector or output current 500 500 mA
{tw = 10 ms, duty cycle = 50%, see Note 3)
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, TA ~B65to "7 0to 70 °C
Storage temperature range -651to0 ° -65to ° °C
Case temperature for 60 seconds FK package 260 ) °C
Lead tfemperature 1,6 mm JG package 300 oC
{1/16 inch) from case for 60 seconds
Lead temperature 1,6 mm D or P package 260 oc

NOTES: 1.

2. This is the voitage between two emitters of a muitiple-emitter transistor.
3. Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a
short time interval must fall within the continuous dissipation rating.

DISSIPATION RATING TABLE

Voltage values are with respect to network ground terminal unless otherwise specified.

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 725 mw 5.8 mWw/°C 464 mW -
FK 13756 mW 11.0 mw/°C 880 mwW 275 mwW
JG 1050 mwW 8.4 mW/°C 672 mW 210 mW
P 1000 mW 8.0 mw/°C 640 mW —
recommended operating conditions
' SN55461 SN75461
THRU 15464 THRU -.% " 1463 UNIT
[ %r w1 MAX | MIN Reel MAX
Supply voltage, Vcc Gew 5 5.5 | 4.75 5 5.25 v
High-level input voitage, Vi 2 2 v
Low-level input voitage, V) 0.8 Vv
Operating free-air temperature, Ta -55 125 (o] " °C
*
TEXAS
INSTRUMENTS
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SN55461, SN75461
DUAL PERIPHERAL POSITIVE-AND DRIVERS

logic symbolT

logic diagram (positive logic)

(3)
1
W ep 3) (1 v
(2) 1Y 1A
1B ——— 18 (2)
2n 18 (5)
————— 2Y
28 (I (5)
208 — 2
T This symbol is in accordance with ANSI/IEEE STD 91-1984 and (7}
IEC Publication 617-12. 28
Pin numbers shown are for D, JG, and P packages. 4)
b—— GND

FUNCTION TABLE
(EACH DRIVER)

schematic (each driver)

A B Y $aka 3
L L L {on state) 1 1
L H L {on state)
H L L {on state)
H H H (off state)
Y
" ] A—s
positive logic:
Y =ABorA + B B
A 3
STk
,37 ®— GND
Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
SN55461 SN75461
PARAMETER NDITIONST NIT
TEST CONDITIONS MIN_ TYPT MAX | MIN TYP? MAX | ©
VK Input clamp voltage Vee = MIN, ) = =12 mA -1.2 -1.5 -1.2 -15 \Y
\ = MIN, VIH = MIN,
IOH High-level output current cc IH 300 100 uA
VoH = 35V
Vee = MIN, ViL=0.8V,
cc = MIN L 0.25 0.5 0.25 0.4
VoL Low-level output voltage loL_= 100 mA v
Vee = MIN, ViL =08V,
ce it 05 08 05 0.7
loL = 300 mA
Input current at maximum
1y . Vee = MAX, V) =556V 1 1 mA
input voltage
iH High-level input current Vee = MAX, V) =24V 40 40 A
L Low-level input current Vee = MAX, V=04V -1 -1.6 -1 ~-1.6 mA
lccH Supply current, outputs high Vee = MAX, V=5V 8 11 8 11 mA
iccL  Supply current, outputs low Vcee = MAX, Vi=0 56 76 56 76 mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditons.
* Al typical values are at Voo = 5V, Ta = 25°C.
switching characteristics, Vcc = 5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH Propagation delay time, low-to-high-level output 30 55 ns
tpHL Propagation delay time, high-to-low-level output lop = 200 mA, Cp = 15 pF, 25 40 ns
tyLH Transition time, low-to-high-level output RL = 50 Q, See Figure 1 8 20 ns
tTHL Transition time, high-to-low-level output 10 20 ns
v Hiah-lavel output volt f itehi TaNRB461 Vg = 30V, lp = 300 mA, Vg-10 mV
" W A
OH High-level output voltage after switching T See Figure 2 Ve-10
i
TEXAS b
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SN55462, SN75462
DUAL PERIPHERAL POSITIVE-NAND DRIVERS

logic symbol?t

1A
1B 2
24

28

(1))

&b

logic diagram {positive logic)

b (3) 1y

SELIRPL

T This symbol is in accordance with ANSI/IEEE STD 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for D, JG, and P packages.

FUNCTION TABLE
(EACH DRIVER)

schematic {each driver)

A8 Y Vee
L L H {off state) 4k 1.6k
L H H (off state}
H L H {off state) A y
H H L {on state) —4q
positive logic: B p
- AR _ 4 B “
Y =ABorA + B ]K $1kn
GN

(5) 2v

b 4 Gnp

Resistor valuas shown are nominal.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS! Shv1e2 SN75462 UNIT
MIN [:I'"  MAX MIN TYPF MAX
ViK Input clamp voltage Vee = MIN, I| = ~12 mA ~-1.2 -156 -1.2 -1.5 \
: Voo = MIN, ViL =08V,
IoH High-fevel output current cc L 300 100 rA
VoH = 35 V
Vv = MIN, = MIN,
| cc 100 A ViH 0.25 05 025 0.4
= m
VoL Low-level output voltage VOL YTy Vi = MIN A
ce = M Ik = MR 05 08 05 0.7
IgL = 300 mA
1 -
" .nput current at maximum Vee = MAX, Vi =65V 1 1 mA
input voltage
IiH High-level input current Vee = MAX, V=24V 40 40 A
L Low-jevel input current Vece = MAX, V) =04V -1.1 -1.6 ~1.1 -1.6 mA
IccH  Supply current, outputs high | Voo = MAX, V=0 13 17 13 17 mA
iccL  Supply current, outputs low Vee = MAX, V=5V 61 76 81 76 mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values are at Voe = 5V, Ta = 25°C.
switching characteristics, Vgc = 5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX Lirat 1 7
tpLy Propagation delay time, low-to-high-level output 45 65 o
tpHL Propagation delay time, high-to-low-leve! output lp = 200 mA, CL = 15 pF, 30 50 ns
tTiH Transition time, low-to-high-level output RL = 50 Q, See Figure 1 13 25 ns
tTHL Transition time, high-to-low-level output 10 20 ns
SN55AR? Vg = 30V, lp = 300 mA, Vg-10
VoH High-level output voltage after switching SNTE Sese Figure 2 0 m V10 5 my

4-34
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SN55463, SN75463
DUAL PERIPHERAL POSITIVE-OR DRIVERS

logic symbolt ' logic diagram (positive logic)
(3)
(1
L 3) () v
(2) QF—— 1 1A
1B ——
(2)
2a 16} 18
1 {5}
i — 2Y
28— (5}
b—r 2Y
24 (6}
TThis symbol is in accordance with ANSI/IEEE STD 91-1984 and @
IEC Publication 617-12. 2B
Pin numbers shown are for D, JG, and P packages. (4)

FUNCTION TABLE

schematic (each driver)
(EACH DRIVER}

A B Y < Vee
4k 130 2
L L L {on state) 3
L H H (off state)
H L H (off state) A v
H H | H(off state) —
positive logic* L
Y = A+B or AB WY L
L ke $500
5 GND
Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
SN6565463 SN75463
PARAMETER TEST CONDITIONS T UNIT
MIN  TYPY  mMax [ MIN  TYPF maXx
VIK Input clamp voltage Ve = MIN, i = ~12mA -1.2 -1.5 -1.2 -156 \
. Vge = MIN, VIH = MIN,
i High-level output t 300 10 A
OH gh-level output curren Vo = 35 V 0 i
Vge = MiN, ViL =08V,
cc L 025 0.5 025 0.4
V Low-fevel output voltage loL = 100 mA v
oL Vce = MIN, v =038V,
0.5 0.8 0.6 0.7
oL = 300 mA
| t t at i
| -npu current at maximum Vee = MAX, V) = 55V 1 1 mA
input voltage
hH High-level input current Vee = MAX, V) =24V 40 40 A
i Low-level input current Vee = MAX, Vi =04V -1 -1.86 -1 -1.6 mA
lccH  Supply current, outputs high Vee = MAX, V=5V 8 11 8 11 mA
lccL  Supply current, outputs low Vee = MAX, V=0 58 76 58 76 mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Voo = 5 V, To = 25°C.
switching characteristics, Vc¢c = 5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tpLH Propagation delay time, low-to-high-level output 30 55 ns
tpHL Propagation delay time, high-to-low-ievel output lop = 200 mA, C| = 15 pF, 25 40 ns
tTLH Transition time, low-to-high-level output R = 5010, See Figure 1 8 25 ns
tTHL Transition time, high-to-low-level output 10 25 ns
)  |sns5463| vg = 30v, Io = 300 mA, Vg-10
Vi High-level output volt: ft tchi \Y
OH Highrlevel output voltage after switching reo-oremy o Figure 2 Vs-10 m
i
TEXAS {’
INSTRUMENTS

POST OFFICE 80X 866303 « DALLAS, TEXAS 76265 4-35



SN55464

DUAL PERIPHERAL POSITIVE-NOR DRIVER

logic symboit

logic diagram (positive logic)

(3}

{1} =1D 1Y
1A ——— 3 {1}
(2 oy E_ 1Y 1A
18 (2)
(6] 8
2A — h 51 5y
7 2
28 (5)
—— 2Y
2A (6)
T This symboi is in accordance with ANSI/IEEE STD 91-1984 and 7)
IEC Publication 617-12. 28
: X 4
Pin numbers shown are for the JG package { )GND
FUNCTION TABLE . .
(EACH DRIVER) schematic (each driver)
Veo
A B Y . -
L L H (off state} a4k 4k 2kQ31.6kQ 31302
L H L {on state}
H L L {on state) A
H H L {on state} T Y
B
positive logic:
Y =A+BorAE
o £z 3 1kn ) $500
747 GND
Resistor values shown are nominai.
electrical characteristics over recommended operating free-air temperature range
SN55464
PARAMETER TEST CONDITIONST UNIT
MIN TYP? MAX
VIK Input clamp voitage Vee = MIN, ) = -12mA -1.2 -15 \
! Vec = MIN,  Vj_ = 0.8V,
I High-level output t 300 A
OH igh-level output curren Vou = 35 V w
V = MIN, ViH = MIN,
cc H 025 05
V, Low-level output voltage loL = 100 mA \%
oL Vee = MIN, Vig = MIN, 05 08
oL = 300 mA ) )
it input current at maximum input voltage Vee = MAX, V=55V 1 mA
[T} High-level input current Vee = MAX,  Vj =24V 40 pA
LT Low-level input current Vee = MAX, V=04V -1 -1.6 mA
IccH Supply current, outputs high Ve = MAX, V=0 14 19 mA
iccL  Supply current, outputs low Vee = MAX, Vj =5V 67 85 mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vee = 5V, Ta = 25°C.
switching characteristics, Vg = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS MiN TYP MAX UNIT
tpLH Propagation delay time, low-to-high-ievel cutput 40 65 ns
tpHL Propagation delay time, high-to-low-level output lp = 200 mA, C_ = 15 pF, 30 50 ns
iTLH Transition time, low-to-high-level output RL = 504, See Figure 1 8 20 ns
tTHL Transition time, high-to-low-level output 10 20 ns
Y High-level output voltage after switchin SNES464| Vs = 30V, io = 300 mA, Vg~ 10 mv
| U 1
OH Td put voltage alter switthind [oN78464|  See Figure 2 Vs-10
i
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SN55461 THRU SN55464
SN75461 THRU SN75463
DUAL PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

INPUT 54y 10V

>
'461 RL =50 03
B < i
462 ——05 ps~—;’

PULSE L OuTPUT | l-<5 ns - | j<10 ns
GENERATOR |4 CIRCUIT l | -
{See Note A) UNDER | |
1.1 )
{Se¢ "« *- B) T~ !
— ! Cy = 15 pF i
‘463 ' |gno ! sus {See Note B} H-tPHL-p M= tPLH ]
‘464 : | 1
04V = _='L = '=.-L

OUTPUT

! 1
et tTLHP e

TEST CIRCUIT

B. C| includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES

Vg =30V
INPUT
461
INPUT 24V 5V 2 mH 463
461 1n3064| S g5
<

'462
| G| [ OuUTPUT
PULSE
GENERATOR |- CIRCUIT
(See Note A} UNDER
TEST

(Ses Note B)
T C_ =15pF
"463 GND Isus (See Note B)
464 'l
av = + 0+ & OUTPUT
TEST CIRCUIT

NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Zg
B. CL includes probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

VOLTAGE WAVEFORMS

NOTES: A. The puise generator has the following characteristics: PRR < 1 MHZ, Zg¢ = 50 Q.

--l--VoL

VOLTAGE WAVEFORMS

= 50 Q.

{i’
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SN75372
DUAL MOSFET DRIVER

D3004, JULY 1886

® Dual Circuits Capable of Driving High-
Capacitance Loads at High Speeds

Output Supply Voltage Range Up to 24 V

Low Standby Power Dissipation

description

The SN76372 is a dual NAND gate interface
circuit designed to drive power MOSFETs from
TTL inputs. It provides high current and voltage
levels necessary to drive large capacitive loads
at high speeds. The device operates from a
Vce1 of 5V and a Vg2 of up to 24 V.

The SN75372 is characterized for operation from
0°C to 70°C.

schematic {each driver)

Vcer

D OR P PACKAGE
{TOP VIEW)

1A Vs veen
E[]2 701y
2A[1s s[J2v
GND[:4 51 |Veez

logic symbolt

E EN
TTL/MOS
1A {1} I~ (7) 1y
24 R I~ (6 2y

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

logic diagram {positive logic)

{2)
(7)
1Y
1A (1)
6
(3) s 2y
2A

Vce2

TO OTHER{
DRIVER L «——¢

INPUTA ———— 4

!

ENABLE E

%
]

p—— OUTPUT Y

A\

L.

} TO OTHER
. DRIVER

/l GND

PRODUCTION DATA decuments contain infarmetien
current 1~ ~* aublicatian date. Praducts canfarm ta
specifi- -1 -1 per the tarms af Texas Instrumants
standas - & -+ anty. Preductian pracessing daas not
necessanly mclude testing of all parameters.

i Copyright © *
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SN75372
DUAL MOSFET DRIVER

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

Supply voltage range of Vccq (see Note 1) ... ..., -05Vto7V
Supply voltage range of VCC2 ..... .. e e e e -0.5Vto25V
Input voltage . .. ................... P e 55V
Peak output current (tyy < 10 ms, duty cycle < 50%): Sink....................... 500 mA

Source . . ... 500 mA
Continuous total power dissipation . . . ............... ..o . ... See Dissipation Rating Table
Operating free-air temperature range, TA . - - . vt vt ittt it it ettt 0°C to 70°C
Storage temperature TANGE . . . . ..ot v it it e e e —~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 s8CONdS. . . . . . .o ot i ven .. 260°C

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

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE TpA = 25°C POWER RATING
D 725 mwW 5.8 mW/°C 464 mwW
P 1000 mw 8.0 mw/°C 640 mW

recommended operating conditions

: _NOM MAX | UNIT
Supply voltage, Vgi1 o 5 6.26 v
Supply voltage, Vcc2 4,75 20 2a Y
High-lavel input voltage, V|H 2 Vv
Low-level input voltage, Vi 0.8 Vv
High-level output current, 1o -10 mA
Low-fevel output current, lgL . 40 mA
Operating free-air temperature, Ta [¢} 70 °C

{i,
TeEXAs
INSTRUMENTS
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SN75372
DUAL MOSFET DRIVER

electrical characteristics over recommended ranges of VCC1. VCC2. and operating free-air temperature

{unless otherwise noted)

PARAMETER TEST CONDITIONS TYpt MAX UNIT
VIK Input clamp voltage I = —12 mA -1.5 v
ViL = 0.8V, I = ~-50 Vi -1.3 V, -0.8
VOH High-level output voitage L OH A cc2 cc2 Vv
ViL =08V, oy = —10 mA Veez-2.5 Vega-1.8
VIH =2V, lp. = 10 mA 0.15 0.3
Vor Low-level output voltage Vega =15Vt 24V, Vg = 2V, \
loL = 40 mA 0.28 05
QOutput cl diode
VE Hiput clamp dlo Vi =0, IF = 20 mA 1.5 v
forward voltage
I !nput current at maximum V| = 5.5V 1 mA
input voltage
' High-level input Y L VPR 40 A
- curren = 2.
IH 9 P Any E ] 80 »
| Low-level input current oY 2| v = 0.4 v UL ET A
~| I urren bd .
Ik ow-evelinpy AnyE]| ! ~2 -3z
Suppl t f \
foctH) upply curren A rom Veen, 2 4 A
both outputs high Vger = 5.25 'V, Veez = 24V,
Suppl t f ) Allin ato Vv, No load
Icc2M) upply curren ' rom VcCz, inputs o loa 0.5 mA
both outputs high
Supply current fi \
lecti upply current from Ve, 18 24 mA
both outputs low Veer = 5,25V, Veez = 24V,
[ i t .
Iccaw Supply current from Vcca, All inputs at 5 V, No ioad 7 13 mA
both outputs low
1 V V. =0, V. =24V,
iccais) Supply curren.tA rom Vg, Ct':1 0 cc2 0.5 mA
standby condition All inputs at 5 V, No load

TAll typical values are at Vcey = 5 V, Veg2 = 20 V, and Ta = 25°C.

switching characteristics, Vcc1 = 5V, Vge2 = 20V, Ta = 25°C

MIN TYP MAX | UNIT

PARAMETER TEST CONDITIONS
tpH Delay time, low-to-high-level output
tDHL Delay't'imeﬁhigh-to—low-ltiavel output CL = 380 pF,
tTLH Transition time, low-to-high-level output An = 10 @
tTHL Transition time, high-to-low-level output S; ;igure ;

tpL Propagation delay time, low-to-high-level output
tpHL Propagation delay time, high-to-low-level output

20 35 ns

10 20 ns

20 30 ns

20 30 ns

10 40 65 ns

10 30 50 ns

i
Texas ‘b
INSTRUMENTS

POST QFFICE BOX 655303 + DALLAS, TEXAS 75265

4-41



SN75372

DUAL MOSFET DRIVER

PARAMETER MEASUREMENT INFORMATION

<10 ns—“—" M—»—s10ns
I L | S _I_ _____ 3 v
5v 20V : 90% 90% I
I
..l..__l. INPUT | 1.5V 1.5 V¥ |
WPUT [Veer Veea | L/ '\
i 10% K 0.5 ys—— i K10% ov
PULSE I mp :1— N |
GENERATOR t tPHL
(See Note A) T ouTPUT | | h_tPLH—”
I : cL tOHL ——¥ i : 'n_,i_gnﬂ
L _ _GND I {See Note B) M—Pf—tTHL 1) |
—— e o = VoH
TEST CIRCUIT ouTPUT
—————VoL

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zg ¢ = 50 Q.

B. CLi

ncludes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES, EACH DRIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE
Vs
OUTPUT CURRENT

LOW-LEVEL OUTPUT VOLTAGE
Vs
OUTPUT CURRENT

Vee2 T 0.5 T
Veecr1 =6V Veer = 5V
>| v 0.5 || Vec2 = 20V >I Veez = 20V
3 cc2-0. o V) =08V g04fl-VI=2V
s o
: Ly : S
> - ‘
’ Vecez-1.0 T T T = 25°C > /
2 Y 111 203
5 2y Ta = 70°C £
© vgez-156 L ANI| <} Ta = 0°C
] hay ] y
> N 2 0.2
= NN 3 =
£ Vcc2-2.0 W 2
z Ta =0 c \Q‘t 3
x 1] N Lo W
o Vccz-25 1Tt . =)
> >
Vee2-3.0 4L . . ——L— .. 0
-0.01 -0.1 -1 -10 -100 0 20 40 60 80 100
loH—High-Level Output Current—mA loL—Low-Level Output Current—mA
FIGURE 2 FIGURE 3
i
Trxas X
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SN75372
DUAL MOSFET DRIVER

TYPICAL CHARACTERISTICS

POWER DISSIPATION (BOTH DRIVERS)

Vs
VOLTAGE TRANSFER CHARACTERISTICS FREQUENCY
24 T 1200 T T T ¥ T 1rrirT I
Veer = 5V Veer =5V !
Vee2 = 20V Vee2 = 20V y !
20 No load 4 1000 |-INPUT: 3 V Square wave 7
> Ta = 26°C 50% duty cycle) ! I
I 2 Ta = 25°C ] 4
S 16 E 800 y)
g \ ! CL = 600 pF— |/ // !
3 8 CL = 1000 pFHK Yol
5 12 g 600 o s
2 1 2 Cu = 2000 pf Q ay
a i? CL = 4000 pFiH A
| 8 400 /
o £ B
1 ///
|
A A L1
4 200 Ll e
-’-’
CL =~ 400 pF
0 0 ————=_Al ble in P k only
0 0.5 1 1.5 2 2.5 10 20 40 100 200 400 1000
Vi—Input Voltage -V f—Frequency —kHz
FIGURE 4 FIGURE 5
PROPAGATION DELAY TIME, PROPAGATION DELAY TIME,
LOW-TO-HIGH-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT
Vs . vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
200 200 . \
Vec1 =5V
180 CL = 4000 pF 180 [Vcea = 20V
5 s Rp = 100
2 2160 2 2 160 |-
E ‘|: Vet = BV E 'I: See Figure 1 C_ = 4000 pF
- -
E.gmo-vccz-zov Eémo
8 8 120 ':eD ;i 1:::21 38 120
— :] -
§3 100 9 CL = 2000 pF ] 10
g3 | I 53 Y CL = 2000 pF
§§) 8o [ 1000 pF § § 80 i }
= I L= p -
: . ; £ CL = 100
T2 60 = %2 60 = °i°"F
T3 CL = 200 pF— - =25 CL = 200 pF
3 40 —\* Sz T ZF a0 €L = 390 pF
20 — 20 2 1
o CL J-t SOIDF o cL = 50 pF
0 10 20 30 40 60 60 70 80 0 10 20 30 40 650 60 70 80
Ta—Free-Air Temperature— °C TA—Free-Air Temperature — °C
FIGURE 6 FIGURE 7
i
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SN75372
DUAL MOSFET DRIVER

200
180
160
140
120
100

80

60

tpLH— Propagation Delfay Time,
Low-to-High-Level Output—ns

40

20

200
180
160
140
120
100

80

60

tpLH— Propagation Delay Time,
Low-to-High-Level Qutput—ns

40
20

0

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME,
LOW-TO-HIGH-LEVEL OUTPUT

Vs

Vo2 SUPPLY VOLTAGE

Veer = 5V

T T
CL = 4000 pF /

-Rp = 10 Q
| TA = 25°C

/

]

See Figure 1

/

d

L~

/

CL = 2000 pF

p——

2

Cc

200 pF

CL = 1000 pF
|

'\\ CL = 390 pF |

« |

!

I\

0 5

C_ = 50 pF

10 1

5 20

Vee2—Supply Voltage—V
FIGURE 8

PROPAGATION DELAY TIME,
LOW-TO-HIGH-LEVEL OUTPUT

vs

LOAD CAPACITANCE

25

T T
Vee1 =5V

"Vge2 = 20V
| TA = 26°C

See Figure 1
|

Rp = 240
/

= 10 Q

v

/ ]

P

////

7
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SN75372
DUAL MOSFET DRIVER

APPLICATIONS INFORMATION

driving power MOSFETs

5V

The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors.
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large
capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 12(a), an IRF151 power
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470-Q pull-up
resistor. The input capacitance (Cigg) specification for an IRF151 is 4000 pF maximum. The resulting long
turn-on time due to the combination of Cijgg and the pull-up resistor is shown in Figure 12(b).

7
i a
(=]
g
. £
$ 3 s
(4) 2
l (7 & 2 ped
b R
TLC555P | o
s | \
3 (6) Lo
S 0 05 1 15 2 25 3
2) Time—pus
2 {b)

(a)
FIGURE 12, POWER MOSFET DRIVE USING SN75447
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SN75372
DUAL MOSFET DRIVER

APPLICATIONS INFORMATION

A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output
configuration, referred to as a totem-pole output. The SN75372 driver provides the high speed, totem-
pole drive desired in an application of this type, see Figure 13(a). The resulting faster switching speeds
are shown in Figure 13(b).

48 v
5V
>
>
3 : ¢
=21
4 |18 2
b4 A7) s 3
Wb‘ o
3) b—‘ g 2
TLC555P ©
3 IRF151 T
b3 6) 5) % SN75372 3
= S 1
2 Iy !
b 5 °
4 S o0 05 1 15 2 25 3

/Ii_::J Time— s
d )
i

FIGURE 13. POWER MOSFET DRIVE USING SN75372

Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds
as shown by the equation
- VC
pk = —
tr

where C is the capacitive load, and t, is the desired rise time. V is the voltage that the capacitance is
charged to. In the circuit shown in Figure 13(a), V is found by the equation

V = VOoH - VoL

Peak current required to maintain a rise time of 100 ns in the circuit of Figure 13(a) is

. -9
_ 3040109 _ 0
100(10—9)

Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151.
With a V¢ of 5 V, and assuming worst-cast conditions, the gate drive voltage is 3 V.

For applications in which the full voltage of Vg2 must be supplied to the MOSFET gate, the SN75374
QUAD MOSFET driver should be used.

{ i
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SN75372
DUAL MOSFET DRIVER

THERMAL INFORMATION

power dissipation precautions

Significant power may be dissipated in the SN75372 driver when charging and discharging high-capacitance
loads over a wide voltage range at high frequencies. Figure 5 shows the power dissipated in a typical

SN75372 as a function of load capacitance and frequency. Average power dissipated by this driver is
derived from the equation

PT(AV) = PDC(AV) + PC{AV) + PS(AV)

where PpC(AV) is the steady-state power dissipation with the output high or low, Pc(Av) is the power
tevel during charging or discharging of the load capacitance, and Pg(av) is the power dissipation during
switching between the low and high levels. None of these include energy transferred to the load and all
are averaged over a full cycle.

The power components per driver channel are

PHtH +PLtL HL——P] le—p L1

PDCIAV) = T '

Pciav) ~ C V3 f

e—1 i
Ps(av) = T T = 1t ——H|

FIGURE 14. OUTPUT VOLTAGE WAVEFORM

|
!
1
!
_ PLHLH +PHLtHL !

where the times are as defined in Figure 14.

PL, PH, PLH. and Py are the respective instantaneous levels of power dissipation, C is the load capacitance.
V¢ is the voltage across the load capacitance during the charge cycle shown by the equation

Ve = VoH - VoL

Pg(AV) may be ignored for power calculations at low frequencies.

{i’
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SN75372
DUAL MOSFET DRIVER

THERMAL INFORMATION
In the following power calculation, both channels are operating under identical conditions:
VOH = 19.2 V and VgL = 0.15 V with Vcc1 = 5V, Vgc2 = 20V, V¢ = 19.05 V, C = 1000 pF,
and the duty cycle = 60%. At 0.5 MHz, Pg(av) is negligible and can be ignored. When the output voltage
is high, Icc2 is negligible and can be ignored.

On a per-channel basis using data sheet values
PDC(AV) = [(5 V)( . )+ (20 V) (0 mA)] 0.6) + [(5 V)(162mA) (20 V) (7 mA)](o.zu

Ppc(AV = 47 mW per channel

Power during the charging time of the load capacitance is

Pciav) = (1000 pF) (19.05 V)2 (0.5 MHz) = 182 mW per channel
Total power for each driver is

PT(AV) = 47 mW + 182 mW = 229 mW
and total package power is

PT(aAv) = (229) (2) = 458 mW.
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SN75374
QUADRUPLE MOSFET DRIVER

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

Supply voltage range of Vog1, (see Note 1) .. ... ... -05Vto7V
Supply voltage range of VCC2 - - . - o oo oo i e -0.56Vto25V
Supply voltage range of VCC3 - . . ..o oo i i -0.5Vto30V
INPUL VOtagE . . . . . e B.5V
Peak output current {tyy < 10 ms, duty cycle < 50%): Sink........ ..., 500 mA

Source . .............. v.v... 500 MA
Continuous total power dissipation . . .. ........................ See Dissipation Rating Table
Operating free-air temperature range . . . ............... e e e ..... 0°C to 70°C
Storage temperature range . ... ... ........iiiiia e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. .. .. ................. 260°C

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

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C  POWER RATING
950 mwW 7.6 mW/°C 608 mw
N 1150 mwW 9.2 mW/°C 736 mW

recommended operating conditions

" MIN NOM MAX | UNIT
Supply voitage, Vog1 4.75 5 5,25 v
Supply voltage, Vo2 4.75 20 24 \
Supply voltage, Vcc3 Veez 24 28 \
Voltage difference between supply voltages: Voc3 — Voc2 0 4 10 \
High-level input voltage, V|H 2 A
Low-leve! input voitage, V)| 0.8 \
High-level output current, IgH -10 mA
Low-level output current, Ig|_ 40 mA
Operating free-air temperature, T o] 70 eCc

TeExas “?
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SN75374
QUADRUPLE MOSFET DRIVER

electrical characteristics over recommended ranges of Vcc1., Vcc2. Vcc3. and operating free-air
temperature (unless otherwise noted)

| PARAMEILR TEST CONDITIONS MIN TYP! MAX UNIT
ViK inpul clalup voltage If = -12mA -1.5 \
Vees = Vecz+3V, V)L =08V, Igy = —100 A |Vee2-0.3 Vega-0.1
Vou High-level Vees = Vecz+3 V., VL =08V, igy = -10mA |Vcee—-1.8 Vgca-0.9 v
output voitage Vees = Vees, ViIL=08YV, IgH = —-50xA | Vec2-1 Vcc2-0.7
Vees = Veeas ViL =08V, Igy = ~10mA |Vcca-2.5 Veea-1.8
Vou Low-level ViH =2V, IoL = 10 mA 0.15 0.3 v
output voltage Veez = 16Vto 28V, Vi = 2V, gL = 40 mA 0.25 0.5
Cutput clamp diode
VF forward voltage Vi=0 IF = 20mA 1.5 v
i input current at | = 5.5V 1 mA
maximum input voltage
High-level Any A 40
H . Vi =24V A
input current | Any E 80
Low-level Any A -1 -1.6
i input current | Any E Vi= 0.4V -2 -3.2 mA
ICC1H) Supply current from 4 8
Ve, all outputs high
Veer = 5.26 'V, Vcez = 24V,
locopy PP curentfom 1y (i < ag v, All inputs at 0 V, 22 025 | mA
V2, all outputs high No Toad
IcCaiH) Supply current from 2.2 3.5
Vcc3, all outputs high
IcenL) \S/upply c:rrent fror]n 21 47
, all outputs low
St?;g;]v current from Veer = 525V, VC,C2 =24V
lceaiy \ all outputs low Vees = 28 Y, All inputs at 5 V, 2 mA
- ¢ . current from No load 16 27
Veea, all outputs low
Supply current from
96 Ve, ot ouputsion | 001 7 20T BT S, R
lcCatH) Supply current from No Toad 0.5
Ve, all outputs high
Supply current from )
Iccz(s) Vcc-z,‘ standby Veer = O, Veeg = 24V, 0.25
condition vees = 24V, All inputs at O V, mA
lceais) Supply current from No load 0.5
Veeas. standby
condition

1 All typical values are at Veetr =5V, Veege = 20V, Vees = 24V, and Ta = 25°C except for Vi for which Voo and Vg are

as stated under test conditions.

switching characteristics, Vgc1 = 5V, Vge2 = 20V, Vg3 = 24V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | tTaf |

tpiH Delay time, low-to-high-level output 20 30 "o
1 Delay time, high-to-low-level output 10 20 ns
DHL y time, hig evel outpu CL = 200 pF,

tTLH Transition time, low-to-high-level output R = 240 20 30 ns
trHyr Transition time, high-to-low-level output SeDe ; o 1 20 30 ns

1gurt

tpLy Propagation delay time, low-to-high-level output 9 10 40 60 ns
tp{L Propagation delay time, high-to-low-level output 10 30 50 ns

{i’
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SN75374
QUADRUPLE MOSFET DRIVER

PARAMETER MEASUREMENT INFORMATION

24V

PULSE
GENERATOR
(See Note A)

QUTPUT

CL
| {See Note B}

ov

QUTPUT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zg,t = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES, EACH DRIVER

{i,
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SN75374
QUADRUPLE MOSFET DRIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
vs vs
OUTPUT CURRENT OUTPUT CURRENT
Vcez . ' Veez

> N 11 ‘H > T Veer = 8V m
: . . o Veez = Veca = 20V
g Veez-0.5 - -Ta - 70t - g’ Veez-0.5 . Tvi=08YV
E =E=:::.— E e Q L
= Vecz—-1.0 H + EQ.\.E,_:_ < Veca-1.0 % h Ta = 25
g Il Tooc > & s Tl
S Vecz- 15— HH L Iy 8 vgez-1.5 L ia = 70°C
: | ST
2 Vs ~2.0 L - L4 3 Veps—2.0 || ) e
£ cez== r\—/cm =5V £ ccz—< ( Ta ="-C ::
I Veez = 20V r I hY
IE Vee2-257 yoag = 24V ‘ + |E Vecz-2.5 -

V=08V
> VCCZ"3'° 1' LU ) ! _LL > VCC2_3-0 | 41

-0.01 -0.1 -1 -10 -100 -0.01 -0.1 -1 -10 -100
IgH—High-Level Output Current—mA loH—High-Level Output Current—mA
FIGURE 2 FIGURE 3

LOW-LEVEL OUTPUT VOLTAGE
vs

OUTPUT CURRENT VOLTAGE TRANSFER CHARACTERISTICS
0.5 — 24
Vee1 =5V
> Veez = 20V
| Vees = 24V 20
e 0.4 — - ~
27 vi=2v TA 7°°% >
° |
3 / g 16
5 Z
g 03 / E
3 Ta = 0°C
<) A e 12
_— -]
-3
2 0.2 / 5
3 7 S g
H o Veer =85V
n o1 > Vecz = 20V
3 41Vee3 = 24V
> Ta = 25°C
o 0 No Ioadl
0 20 40 60 80 100 0 0.5 1 1.8 2 2.5
IgL—Low-Level Output Current—mA V|—Input Voltage—V
FIGURE 4 FIGURE 5
i
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SN75374
QUADRUPLE MOSFET DRIVER
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TYPICAL CHARACTERISTICS
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I See Figure
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FIGURE 8
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125 See Figure 1 CL = 2000 pF
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0 10 20 30 40 50 60 70 80
Ta—Free-Air Temperature— °C
FIGURE 7
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250 T
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FIGURE 9
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SN75374
QUADRUPLE MOSFET DRIVER

tpLH—Propagation Delay Time,
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~
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LOAD CAPACITANCE
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TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME,
HIGH-TO-LOW-LEVEL OUTPUT
Vs
LOAD CAPACITANCE

Veer = 5V N 250 Vee1 =5V
Veez = 20V 7 225{Vgc2 = 20V
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[
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See Figure 1 [ .
| g | - v v > 5 175 See II-'lgurel1
Rp = 24 © // ,/ 3 3 450l FD = 240
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_é/ 25 —
0
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FIGURE 10 FIGURE 11

P1—Dissipation—mW

POWER DISSIPATION (ALL DRIVERS)

Vs
FREQUENCY
Veer =5V
Vgg2 = 20V
Vees = 24V
2000  jNpUT: 3-Volt Square wave
1800 | (50% duty cycle)
1600~TA = 25°C I, /
1400
1200 ;
1000 .;r.w
P
800
600 a0 & |
C\u
400
200 l i
4]

10 20 40 70100 200 400 1000
f—Frequency—kHz
FIGURE 12

NOTE: For Rp = 0, operation with C; > 2000 pF violates absolute maximum current rating.
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SN75374
QUADRUPLE MOSFET DRIVER

APPLICATIONS INFORMATION

driving power MOSFETs

The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors.
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large
capacitance in parallel with a very high resistance. For this reason, the commonly used open-collector driver
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 13{a), an IRF151 power
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470-Q pull-up
resistor. The input capacitance (Cjgg) specification for an IRF151 is 4000 pF maximum. The resulting long
turn-on time due to the product of input capacitance and the pull-up resistor is shown in Figure 13(b).

5v

4)

<
°

TLC5E55

AA
VW

6)

VoOH— VoL—Gate Voltage—V
N

0 056 1 t68 2 25 3
Time—ps

FIGURE 13. POWER MOSFET DRIVE USING SN75447

A faster, more efficient drive circuit uses an active pull-up as well as an active puli-down output
configuration, referred to as a totem-pole output. The SN75374 driver provides the high-speed totem-
pole drive desired in an application of this type, see Figure 14(a). The resulting faster switching speeds
are shown in Figure 14(b).

a8 v
5V
>
<
3 g 4
4 |8 K]
2 7) $ 3
~
@
(3) & 2[
J TLCSSS RF151 ’ @
b (5) % SN75374 e 3 1
= >
(2) (11__]_ |
3 z 0
L S 0 05 1 15 2 25 3

(b}

e ‘ "_j\ Time—us
]
=

FIGURE 14. POWER MOSFET DRIVE USING SN75374
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SN75374
QUADRUPLE MOSFET DRIVER

APPLICATIONS INFORMATION

Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds
as shown by the equation

Lo Ve
pk = —
tr

where C is the capacitive load, and t; is the desired rise time. V is the voltage that the capacitance is
charged to. In the circuit shown in Figure 14(a), V is found by the equation

V = VQOH - VoL

Peak current required to maintain a rise time of 100 ns in the circuit of Figure 14(a) is

N -9
IpK = 80140075 _ 495 ma
100(10 - 9)

Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151.
With a Ve of 5 V, and assuming worst-case conditions, the gate drive voltage is 3 V.

For applications in which the full voltage of VCC2 must be supplied to the MOSFET gate, Vg3 should
be at least 3 V higher than Vgg2.

THERMAL INFORMATION

power dissipation precautions

Significant power may be dissipated in the SN75374 driver when charging and discharging high-capacitance
loads over a wide voltage range at high frequencies. Figure 12 shows the power dissipated in a typical
SN75374 as a function of frequency and load capacitance. Average power dissipated by this driver is
derived from the equation

PT(AV) = PDC(AV) + Pc(Aav) + PS(Av)

where PDC(AV) is the steady-state power dissipation with the output high or low, PC(Av) is the power
level during charging or discharging of the load capacitance, and P§(av) is the power dissipation during
switching between the low and high levels. None of these include energy transferred to the load and all
are averaged over a full cycle.

The power components per driver channel are ';L_H’l tHL
PDC(av) = PHtTPLL | ] !
T |/ P\ |
Pcav) =~ CV2c f e
| 1t~
PSIAV) = DLHtLHT+ PHLtHL [P U [ VY ——

FIGURE 15. OUTPUT VOLTAGE WAVEFORM
where the times are as defined in Figure 15.
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SN75374
QUADRUPLE MOSFET DRIVER

THERMAL INFORMATION

PL. PH. PLH. and Py|_ are the respective instantaneous leveis of power dissipation, C is the load capacitance.
V¢ is the voltage across the load capacitance during the charge cycle shown by the equation

Ve = VoH - VoL

Pg(av) may be ignored for power calculations at low frequencies.

In the following power calculation, all four channels are operating under identical conditions: f = 0.2 MHz,
VOH = 19.9 Vand Vg = 0.16 VwithVcc1 = 5V, Vgg2 = 20V, Vgoe3 = 24V, Ve = 19.758 V,
€ = 1000 pF, and the duty cycle = 60%. At 0.2 MHz for C|. < 2000 pF, Pg{Av) is negligible and can
be ignored. When the output voltage is low, IcC2 is negligible and can be ignored.

On a per-channel basis using data sheet values

PDC(AV) =[(5 V) <Aﬂ\>+ (20 V) <ﬂ\> + (24 \/)<2'2 mA)](o.e) +
) ) )
[ (5 V)<31 "‘A> + (20 V)(O "‘A>+ (24 V) <16 mA) ](o.m
3 4 z

Ppc(Av = 58.2 mW per channel

Power during the charging time of the load capacitance is

Pc(av) = (1000 pF) {19.75 V12 (0.2 MHz) = 78 mW per channel
Total power for each driver is

PT(Av) = 58.2 mW + 78 mW = 136.2 mW
The total package power is

PT(Av) = (136.2) {4) = 544.8 mW

Ttmus{y
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SN75435
QUADRUPLE PERIPHERAL DRIVER
WITH GUTPUT FAULT PROTECTION

D2848, FEBRUARY 1985 —REVISED NOVEMBER 1939

Saturating Outputs With Low On Resistance
Very Low Standby Power . . . 53 mW Max

High-impedance MOS- or TTL-Compatibie
Inputs

Standard 5-V Supply Voltage

No Output Glitch During Power-Up or
Power-Down

Output Clamp Diodes for Transient
Suppression

2-W Power Package . . . 60 °C/W Rgja
600-mA Output Current
35-V Switching Voitage

description

The SN75435 quadruple peripheral driver is
designed for use in systems requiring high
current, high voltage, and high load power. It
features four inverting open-collector drivers
with a common enable input that, when taken
low, disables all four outputs. Each driver is
protected against load shorts with its own
latching over-current shutdown circuitry, which
will turn the output off when a load short is
detected. A short on one load will not affect
operation of the other three drivers. The latch for
the shutdown will hold the output off until the
input or enable pin is taken low and then high
again. A delay circuit is incorporated in the over-
current shutdown to allow load capacitance of
up to 5nFat 35 V.

Applications include relay drivers, lamp drivers,
solenoid drivers, motor drivers, LED drivers, line
drivers, logic buffers, hammer drivers, and
memory drivers.

The SN75435 is characterized for operation from
0°C to 70°C.

NE DUAL-IN-LINE PACKAGE

{TOP VIEW)

1y Uigg1a
1.2 CcLaMP(d2  15[]2A

2Y[s 141G
HEATSINK | []4  13{]] HEATSINK
ANDGND ]} [Js  12[]{ aND GND

3y s 1 Vvee
3,4 cLamp 7 10lJ3A

avy[{s  o[]ana

FUNCTION TABLE
(EACH NAND DRIVER)

. INPUTS ouTPUT
A G Y
L X H
X L H
H H L
H = high level, L = low level
X = irrelevant

logic symbolt

G 114) EN
(1)
a8 > op—v
CLAMP |—%
{3}
{15} 2y
2n = v 1 @
1,2 CLAMP
6
3A“0) L—(l:;y
AV4
*
A 9} _ (8) ay
X 2 3, 4cLame

T This symbol is in accordance with ANSI/IEEE Std 91-1884 and
|EC Publication 617-12.

PRODUCTIDN DATA documents contein information
current es of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warrant‘!. Productian processing doss not
necesserily include testing of all parametors.
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SN75435
QUADRUPLE PERIPHERAL DRIVER
WITH OUTPUT FAULT PROTECTION

logic diagram (positive logic) schematic of inputs
Y OUTPUT EQUIVALENT OF EACH INPUT
Vcc—wp— - —-
AINPUT  veo CLAMP b3
3
p
ENABLE TO ONE
G ) OTHER DRIVER INPUT
<
ﬂ
& /;7 GND
TO THREE

OTHER DRIVERS

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

Supply voltage range of VoG (see Note 1) . ... .. .. .. e 7V
INPUL VORBOE . . o o ottt et et i et e s 5.5V
Output supply voltage . . . . . . . e e e s 70V
Output diode Clamp current . . . .. .. . e e e e 1A
Continuous total power dissipation
at (or below) 25°C free-air temperature (see Note 2) ... ..... ... i, 2075 mw
Operating free-air temperature range, TA . . . v v ittt i i et e i e 0°C 10 70°C
Storage temperature range . . ... ..o vttt e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. .. ................... 260°C
NOTES: 1. All voltage values are with respect to network ground terminal.
2. For operation above 25 °C free-air temperature, derate linearly at the rate of 16.6 mW/°C.
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Voo 4.75 5 6525 \
High-leve! input volitage, Vi 2 v
Low-level input voltage, Vj_ 0.8 \
Qutput voltage 2R v
Qutput current T ma
Load capacitance (See Figure 3) _Ju nF
Operating free-air temperature, TA [*] 70 °C
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN  TYPT  MAX UNIT
ViK input clamp volage Vee = 475V, I = —12mA -09 -15 \
1OH High-level output current zﬁ_c::o‘.‘ej\iv' ’ XI:H==27\(;'V 100 uA
VoL Low-level output voltage Vee = 475V, lol = 300 mA 025 05 \%
Vi =2V oL = RN mA 0.55 1
VR Qutput clamp diode reverse voltage Vee = 4.75 V, p = 1A 70 100 \
VE OQutput clamp diode forward voltage Ig = 600 mA N 1.2 1.6 v
hH High-level input current Vee = 5.26V, Vj = 56.26V 0.01 10 A
HL Low-level input current Veg = 5.26 V, Vi =08V -0%  -10 A
Over-current shutdown current Vee = 475 V10 525V 650 mA
lccH  Supply current, outputs high Vegg = 5.26 V, Vi =0 U 10 mA
lccL  Supply current, outputs low Vee = 6.25 Vv, Vi=5V 55 75 mA

tAl typical values are at Vog = BV, Tpa = 25°C.

{ip
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SN75435
QUADRUPLE PERIPHERAL DRIVER
WITH OUTPUT FAULT PROTECTION

switching characteristics, Vgg = 5V, TA = 25°C

PARAMETER TEST CriLITIONS MIN TYP MAX| UNIT
tpLH Propogation delay time, low-to-high-level output 750 ns
tpHL  Propagation delay time, high-to-low-level output CL = 30pF, R =60Q, 750 ns
tTLH  Transition time, low-to-high-level output See Figure 1 200 ns
tTHL Transition time, high-to-low-leve! output 200 ns
Von  High-level output voltage after switching See Figure 2 Vg-10 mV

PARAMETER MEASUREMENT INFORMATION

INPUT Vee 30V
24V f————5 s
= =" - | l—<5ns <10ns—p} !
R =600 = a0y
| 1#F30% 90% !
| N lj 50% 50%K}
ouTPUT : 10% 10%}
A’Gl CIRCUIT i ov
PULSE UNDER Y t
GENERATOR /A TEST —stipni oL e
(See Note A)

¢ =30pF 90% I 90%V°H
| {See Note B) OUTPUT |%50% 50%
°
| : \ 10% 10% I—‘——VOL
. — —»  -tTHL — L—'TLH
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Zgyt = 50 Q.
B. C| includes probe and jig capacitance.

FIGURE 1. SWITCHING CHARACTERISTICS

{ip
Texas
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SN75435
QUADRUPLE PERIPHERAL DRIVER
WITH OUTPUT FAULT PROTECTION

PARAMETER MEASUREMENT INFORMATION

Vg=35V
INPUT sv
je———40 us—’i
2 mH l6&-<5as <10 ns—p|
i oy
11 F50% 0% XTI T
INPUT |7 5 v 1.5 VX!
RL =580 10% 10%
oV
CIRCUIT
PULSE A UNDER OuTPUT

— — =VoL
fND 'Isua J_
£

V
GENERATOR Py TEST OH
(See Note A} G Cy = 15 pF OUTPUT
24V / ’ * (See Note B)
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, 25,y = 50 ©.
8. Cy include probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

RECOMMENDED OPERATING CONDITIONS

MAXIMUM OUTPUT SUPPLY VOLTAGE
vs
LOAD CAPACITANCE

100 T S — —
LR S—
1 1

1T
I
Ta =0°C to 70°C

40

20

ANE

Maximum Qutput Supply Voltage — V

1 | 1
1 2 4 10 20 40 100
CL - Load Capacitance — nF

FIGURE 3

i
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SN75435
QUADRUPLE PERIPHERAL DRIVER
WITH OUTPUT FAULT PROTECTION

APPLICATION INFORMATION

0.01 uF BV
e
= sna ot |Vee
(I Ny T 45V s
SO fugn
—., S1 N
cwmcwi——ﬁ M1 [SHIFT] SN75435  |Vee L
M2 [LOAD] aL
EN
STEP coMmAND—SEX 1 1o /c3
C r—= =N
SR SER YA
1,30 Qa D Ob 7 |
A 12,30 CLAMP |—¥% i 1
Q Y8 |
B 153D 8 ] I
M
ve
a .
€ 12,30 c | 1
¥
D 5730 ap Yo : :
SL.. . %
0 ~ | i
“JonD —TGND L 3
+5V
Vee
(2/3) SN7427
& 1 ¢
<
1
<
—I%Wo

4-WINDING STEPPER MOTOR CONTROL CIRCUIT

STEPCOMMANDIllllllllllllll||II||||I||||

cw/Cowt [

OUTPUTS

TIMING DIAGRAM FOR MDTOR CONTROL CIRCUIT

TThe SN74LS194 is a universal shift register with both shift-right and shift-left capability. In this application SO (pin 9) is wired high

and only the shift-right and parallel-load modes are utilized. The logic symbol shown above has been simplified to show only the
utilized modes.

*This signal is CW/CCW or CwWiccw depending on motor winding.
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SN75436, SN75437A, SN75438
QUADRUPLE PERIPHERAL DRIVERS

D2806, DECEMBER 1986

® Saturating Outputs With Low On-State
Resistance

® High-Impedance Inputs Compatible With
CMOS. MOS. and TTL Levels

® Very Low Standby Power . .21 mW
Maximum
High-Voltage Outputs . 70 V Min
No Output Glitch During Power Up or Power
Down

® No Latch-Up Within Recommended
Operating Conditions

® Output Clamp Diodes for Transient
Suppression

® 2-W Power Package

description

The SN75436, SN75437A, and SN75438
quadruple peripheral drivers are designed for use
in systems requiring high current, high voltage,
and high load power. Each device features four
inverting open-collector outputs with a common
enable input that, when taken low, disables all
four outputs The envelope of |-V charactenstics
exceeds the specifications sufficiently to avoid
high-current latch-up Applications include
driving relays, lamps, solenoids, motors, LEDs,
transmission lines, hammers, and other high-
power-demand devices.

logic symbol?t

PRLCTINN P
1A(16) >4 Q>_I_1_) 1Y
CLAMP ¥ -
(15) 2y
2A —— 12}
x2 120
3a 10) b (6] 3y
8]
9 ay
AAL-L— 17) 3.4D

tThig symbol 1s in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

NE PACKAGE
{TOP VIEW)
1w h Use[d 1A
12D 2 1s[12A
2Y (s 14[dG
HEATSINK [ [a  13[] 1 HEATSINK
AND GND | [s  12[] [ AND GND
3y (s Qg vee
34047 10[d3a
4y s 9lJaa

FUNCTION TABLE
{each NAND dnwver}

INPUTS | OUTPUT
A Y

— X I|®

H L
L H
X H

H = high ievel,
L low level,
X = urelevant

equivalent schematic of each input

Vee——t—- -~

4 —
INPUT ‘)"

logic diagram (positive logic, each driver)

A INPUT Ve Y OUTPUT
D OUTPUT
ENABLE 10 BNE
G OTHER DRIVER
GND
TO THREE

OTHER DRIVERS

SELECTION GUIDE

FEATURE SN75436 | SN75437A | SN7E o [1n.:
Maximum recommended output current 0.5 05 ' -
Maximum Vg at maximum lgp 05 05 1 \
Maximum recommended output suppl
put supply 50 35 3s v
voltage in an inductive switching circuit, Vg
PRODUCTION OATA decuments centain infermatien : Copynght © 1986, Texas Instruments Incorporated
current as ef publication date Preducts conferm to b
spau:’ﬁcglinns par (lll’n t;m:s of Texes llmdrumam: TEXAS
standard warrant reductien processing taas no'
necessarily include tasting ef apll parematers INSTRUMENTS
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SN75436, SN75437A, SN75438
QUADRUPLE PERIPHERAL DRIVERS

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

Supply voltage, VG - v v v v v oL e e e e 7V
Input voltage .. .. ... e 30V
Output current: SN75436, SN75437A (seeNote 1) .. ..... ... ... ... ... .. 0.75 A
SNTZB438 . . e 1.26 A
Output clamp diode CUITENt . . .. .. i e e e e 1.26 A
Output voltage (off-state) ... ... .. i e e 70V
Continuous total power dissipation at {or beiow) 25°C free-air temperature
(868 NOtE 2). . .. o e e e e e 2075 mW
Operating free-air temperature range, TA . . ... ... it in i e 0°C to 70°C
Storage temperature range .. ... .. .. ... ettt —65°C to 150°C
Lead temperature 1,6 mm {1/16-inch) from case for 10seconds . .. ... ................ 260°C

NOTES: 1. All four sections of these circuits may conduct rated current simultaneously; however, power dissipation average over a short

time interval must fall within the continuous dissipation ratings.
2. For operation above 25°C free-air temperature, derate linearly to 1328 mW at 70°C at the rate of 16.6 mW/°C.

recommended operating conditions

SN75436 SN75437A SN75438
PARAMETER MIN NOM MAX | MIN NOM MAX | MIN NOM MAX UNIT

Supply voltage, Vce " 4.75 5 5251|475 5 w..u | 475 5 6.25 v
Qutput current, log. 0.5 0.6 1 A
0'utp-ut suppl?/ voltage in inductive switching 50 a5 25 v
circuit (see Figure 2), Vg

High-level input voltage, V|4 2 2 2 \'
Low-level input voltage, V)L 0.8 0.8 0.8 \
Operating free-air temperature, Tp 0 70 0 70 0 70 °C

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

noted)
SN75436
SN75438
PARAMETER TEST CONDITIONS SN75437A UNIT
MmN TYPT  max | MmN TYPT maAx
ViK Input clamp Vee = 4.75 V, I} = —12mA -0.8 -15 -09 -1.5 \
V =475V, VIH =2V,
IoH High-level output current cc IH 1 100 1 100 A
ViL =08V, VoH = "V
loL = - nA 0.14 0.25 0.14 0.25
Vee = 475V, loL = mA 0.28 0.5 0.28 0.5
VoL Low-level output voltage cc oL v
VIH=2V loL = 750 mA 0.42 0.75
oL = 1 A 0.60 1
Output cilamp diode
V| \7 =475V, I = 100 70 100 70 100 v
RIK) reverse voltaga cc R kA
V. Output clamp diode If = 600 mA 1 1.6 1 1.6 ¥
FIK) ferward voltage IE=1A 1.2 2 N
4 High-level input current Vee = 5.25 V, V| = 6.26 V 0.1 10 0.1 10 pA
L Low-ievel input current Veg = 6.25 V, V| =08V -0.25 -10 -0.25 -10 A
Supply current,
| \7 = 525V, V=0 1 4 1 4 mA
CCH outputs high cc !
Supply current,
i V = 5.25V, =5V 45 45 5 A
ccL outputs jow cc i 65 6 m

T All typical values are at Voo = 6 V, Ta = 25°C.

{ip
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SN75436, SN75437A, SN75438
QUADRUPLE PERIPHERAL DRIVERS

switching characteristics, VGG = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Propagation delay time, low-to-high-leve! output 1950 5000 ns
tpHL Propagation delay time, high-to-low-ievel output CpL = 30 pF, RL = 600Q, 150 500 ns
tTLH Transition time, low-to-high-level output See Figure 1 40 ns
tTHL Transition time, high-to-low-level output 36 ns

Vg = v, = ,
SN75436 § = 50 lo=500mA, | 10 mv
R = 100 Q, See Figure 2
igh-I t voltage, Vg = 35V, ip = 500 mA,
Vou High evm'el Ol'ltpu voitage SN75437A S lo} 'O m Vg-10 mv
after switching RL =70Q, See Figure 2
Vg = 35V, io=1A,
SN75438 s 0= Vg-10 mv
RL = 35Q, See Figure 2
PARAMETER MEASUREMENT INFORMATION
INPUT 2.4V Vgg 30V
| pl————5 u5
rJ———'——"j —»{ | k& =5ns" 3"_;_',,._5103;\/
| $RL- 600 weutr A 90% 90% X!t
1 |
| | 10% 2 15V 15V e oy
PP CIRCUIT ouTPUT I [ !
GENERATOR G/A] UNDER - ’E—BHPHL  tPLH
TEST
(See Note A)

Cu = 30 pF 30%¥! 14855 OH
(See Note B) 50% 50% 0
OUTPUT ™ 10% 10% L |
| — - — VoL

s oy N :

|
= = OPEN = | - tTHL — [EtTLH
TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: PRR = 100 kHz, Z5 = 50 Q.
B. CL includes probe and jig capacitance.
FIGURE 1. SWITCHING CHARACTERISTICS
Vs
INPUT 5V 2 mH
pt——————40 ys———————pj
RL —i | Wl—<5 ns —l | p—<10 ns
0
PULSE a| CiRCuIT INPUT | 1.950?/,D Yok
GENERATOR |—& UNDER OUTPUT 10%. 10%
(See Note A) G| TEST ov
2.4V— €L = 15 pF
H {See Note 8)
1
GND 1SUB VOH
: OUTPUT
= _—i'_ - = Voi
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zo = 50 Q.
B. Ci includes probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

{i’
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SN75436, SN75437A, SN75438
QUADRUPLE PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

Ic—Maximum Collector Current—A

Ic —Maximum Coflector Current—A

MAXIMUM COLLECTOR CURRENT

Vs

DUTY CYCLE
14 I
1.3 SN7:438 N =
1.2 A N ANl
y A\ v
. N
Ta = 25°C N S
1 N = Number N, N
of Outputs ) \ V3
0.9 L Conducting \ \\\ |
. Simultaneously \ \]{4
o | | | R N
SN75436, SN75437A S <
0.7
0.6
0 10 20 30 40 S0 60 70 80 90 100
Duty Cycle—%
FIGURE 3

MAXIMUM COLLECTOR CURRENT
Vs
DUTY CYCLE

1.4 [

1.3[sN75438
1.2 \ \

\\
S AN AV EECE N
1 \ &
0.9 \*i*’
~J

) l
N
0.8r9N75436 \\ & 5 ~J
0.7}SN75437A Ny I
0.6 —— \73 T~
Ta = 70°C N

0.5FN = Number of Outputs
Conducting Simultaneously

0.
0 10 20 30 40 50 60 70 80 90 100

Duty Cycle—%
FIGURE 4
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SN75436, SN75437A, SN75438
QUADRUPLE PERIPHERAL DRIVERS

APPLICATION INFORMATION

45V
0.014F
ke
* v
4 SN74194 cc Vs
- —_— SRG4 BV
CLR
R
S0
cw/eew —S”I_j M1 [SHIFT] SN75438 | Vee LRL
M2 [LOAD] G
CLK
STEPCOMMAND———E‘1—>IC3 - EN F——t————
SR SER
2130 oA A > o A LI PV :
2,3D cLamplse— |, : i
B o3} A g
2,3D _ 1D | @ :
T Uy 3|
c Qc A g
2,3D | |
= 2,3D Qp A LR DY :
g Rl I » D |_ |
(O ", SND _LGND
+5V
(2/3) sn7a27| V€€
&
d
-
db
-

J_GND

FIGURE 5. 4-WINDING STEPPER MOTOR CONTROL CIRCUIT

stercommano ] LI LT LMLyt

cw/cew ]
vi L] 1T L] LI
v2 L 1 J L
v3 LJ J L]
va L L L

FIGURE 6. TIMING DIAGRAM

OUTPUTS
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SN75439

QUADRUPLE PERIPHERAL DRIVER

D3116, MAY 1988 — REVISED NOVEMBER 1989

¢ 1.3-A Current Capability Each Channel

e Saturating Outputs With Low On-State
Resistance

¢ Two Inverting and Two Noninverting Driver
Channels With Common Active-Low Enable
input

e Key Application Is as a Complete Full-Step
4-Phase DC Stepper Motor Driver Using
Only Three Directly Connected Logic
Control Signal Lines From Standard
Microprocessors

e High-lmpedance inputs Compatible With
TTL or CMOS Levels

e Very Low Standby Power... 10 mW Typ

e 50-V Noninductive Switching Voltage
Capability

¢ 40-V Inductive Switching Voltage Capability

e Output Clamp Diodes for Inductive
Transient Protection

& 2-W Power Package

NE PACKAGE
(TOP VIEW)
1y [y Uhs[J1a
1,202 15[J2A
2vy[Qs 140G
HEATSINK  [(Ja  13{]) HEATSINK
AND GND %[:5 12]} AND GND
ay(s 1vee
3,407 10[]3A
4yps 91 14A
FUNCTION TABLES

(Each Channel 1 or
Channei 4 Driver)

INPUTS OUTPUT
A G Y
H L L
L X H
X H H

(Each Channel 2 or
Channel 3 Driver)

description

The SN75439 quadruple peripheral driver is
designedforusein systems requiring high current,
high voltage, and high load power. The device
features two inverting and two noninverting
open-collector outputs with a common-enable
input that, when taken high, disables all four
outputs. By pairing each inverting channel with a
corresponding noninverting channel (such as
channel 1 paired with channel 2 and channel 3
paired with channel 4), the device may be used as
a complete full-step 4-phase dc stepper motor
driver using only two input logic control signals
plusthe enable signal, as shown in Figure 3. Other
applications include driving relays, lamps,
solenoids, motors, LEDs, transmission lines,
hammers, and other high-power-demand loads.

The SN75439 is characterized for aperation from
0°C to 70°C.

INPUTS OUTPUT
A G Y
L L L
H X H
X H H
H = high levet
L = low level
X = irrelevant
togic symboit
3 114} EN
1a 4180 b oo Ty
CLAMP 6
(15) Bl 5y
2A
3% {2) 1, 2D
{6)
3A {10} 3y
8
anl® Bl 4y
% 7] 3, 4D

1t This symbol is in accordance with ANSYIEEE Std 91-1984 and

[EC Publication 617-12

PRODUCTION : = © iocuments contain information
current as of :h ion date. Products conform to
specifications pu1 .o terms of Texes Instruments

dard wanan(J. Production p ing does not
necessarily include testing of all parameters.

{i,
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SN75439
QUADUPLE PERIPHERAL DRIVER

loglc diagram (posiltive logic) schematics of inputs and outputs
[ ﬂ‘ m EQUIVALENT TYPICAL
18 18! ———1v OF EACH INPUT OF ALL OUTPUTS
p A 4 CLAMP
b2 120 Vee DD G
A 3 - ouTPUT
B3,

{15) R —
s 3 GND
avy
=]
7
p 3. 4D
91 ay
aA —D E
45,1213 o

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

Supply voltage range, Vo (seeNote 1) . ... i ~03Vto7V
INPUEVOIAGE, V| . . o e e e 7V
Outputvoltage range, VO . . .« . oo o o e -03Vto52V
Output voltage, Vo (inductive load) . . .. .. ... o s 43V
Output clamp-diode terminal voltage range, VOK - -+ -+« o v i e i e e e i e —03Vto52V
INPUEt CUITENE, 1] o o o e =15 mA
Peak sink output current, Iopm (nonrepetitive, tw < 0.1 ms) (seeNote 2) .. ......... ... 15A
(repetitive, tyw < 10ms, dutyeycle < 50%) . ... ... v i 14A

Continuous sink output current, Ig (see Note 2) ... .. ... v RN 1.3A
Peak output clamp diode current, IoKM (nonrepetitive, tw < 0.1 ms) (seeNote 2) ............ 1.5A
(repetitive, tw < 10 ms, duty cycle < 50%) ........... 1.3A

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3) . . . ... .. ... 2075 mW
Continuous total dissipation at (or below) 65°C case temperature (see Note 3) ... ......... 5000 mW
Operating case or virtual junction temperaturerange . . . . .. ... ... i —55°C to 150°C
Storage femperature range . . ... .. e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds . ....................... 260°C

NOTES: 1.All voltage values are with respect to the network ground terminal (unless otherwise specified).

2.All four channels of this device may conduct rated current simultaneously; however, power dissipation average over a short time
Interval must fall within the continupus dissipation range.

3.For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. For operation above 65°C case
temperature, derate linearly at the rate of 59 mW/°C. To avoid exceeding the design maximum virtual junction temperaturs, these
ratings should not be exceeded.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 475 5 525 v
Output supply voltage in inductive & . _5 L 1) 40 \
High-level input voltage, ViH __ 2 5.25 Vv
Low-level input voltage, Vi —0.3" 0.8 v
Low-leve! output current, loL 1.3 A
Operating free-alr temperature, Ta 0 25 70 °C
1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels.
*
TEXAs
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SN75439
QUADRUPLE PERIPHERAL DRIVER

electrical characteristics over recommended ranges of operating free-air temperature and supply

voitages (uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
ViK Input clamp voltage lj = -12mA -08 -15 \4
loL=05A 02 035
VoL Low-level output voltage loL=1A See Note 4 0.4 0.7 \
loL=13A 0.5 0.9
IF=05A . 1.1 1.9
VEK) Qutput clamp diode forward voltage |lIp = 1A See Note 4 1.3 2.2 v
IF=13A 1.4 2.4
10H High-leve! output current VoH =50V, Vok =50V 100 HA
Y] High-leve! input current Vi = V|4 10 MA
L Low-leve!l input current Vi=0to 08V -10 MA
Qutput clamp-diode reverse current - =0 100
IR(<) (at Y output) VR =50V, Vo o A
All outputs at high leve! (off) 2 8
| su Il current All outputs at fow leve! (on) 140 200 mA
GG PRl Two outputs at high leve! (off) and 70 110
two outputs at low level (on)
1 Al typical values are at VoG = 5V, Tp = 25°C.
NOTE 4: These parameters must be measured using pulse techniques, tw = 1 ms, duty cycle < 10%.
switching characteristics, Vcg =5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Propagation delay time,
I? 1500
PLH low-to-high-level output ns
Propagation delay time,
t 100
PHL high-to-low-level output loL=1A, Cp = 30 pF, ns
fuy  Transition time, RL=304, See Figure 1 170 ns
low-to-high-level output
Transition time,
t ' 0
THL. high-to-low-level output 5 ns
High-level output voltage Vg =40V, lo=13A,
VOH  (atter switching inductive foad) RL =310, SecFigure2 | '§71%0 mv

Trxas b
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SN75439
QUADRUPLE PERIPHERAL DRIVER

PARAMETER MEASUREMENT INFORMATION

INPUT 5V OPEN 30V
[vee o
INPUT
PULSE UNDER RL =300
GENERATOR | 1557 [ cHAnNeL
{See Note A} UNDER Y OUTPUT
TEST
OTHER INPUT — CL = 30 pf
(See Note B) (See Note C}

GND :sus

TEST CIRCUIT
=< 10 ns i‘-—ﬂ—s 10 ns
L Pl 3v
! |
l |
INPUT | |
(24, 3A, G) I |
I |
INPUT
{1A, 4A)
] |
| Vor
|
)
OUTPUT

T T T VoL
l—bi—tTHL le—tLH
VDLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: duty cycle < 1%, Zg = 50 Q.
B. Enable inputG is at 0 V if input A is used as the switching input. When G is used as the switching input, the correspanding A input
is at 0 V if testing channel 2 or channe! 3 or at 3 V if testing channel 1 or channel 4.
C. C| includes probe and jig capacitance.

FIGURE 1. SWITCHING CHARACTERISTICS

{i’
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SN75439
QUADRUPLE PERIPHERAL DRIVER

PARAMETER MEASUREMENT INFORMATION

Vg = 40V
INPUT 5y 'S
[
Vee |o 2mH
PULSE A
GENERATOR ® CHANNEL v RL = 31 Q
{See Note A} UNDER OUTPUT
TEST
G
04V CL = 30 pF
{See Note B)
GND |SUB
TEST CIRCUIT
{4—pj—=< 10 ns [¢—»—= 10ns

INPUT
(2A, 3A)

INPUT
{1A, 4A)

OUTPUT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: duty cycle s 1%, Zp = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 2. OUTPUT LATCH-UP TEST

i,
Texas ‘V
INSTRUMENTS
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SN75439

QUADRUPLE PERIPHERAL DRIVER

APPLICATION INFORMATION

(1) |1v

Vs

™ ™ 7 oun |

YYY——@ PHASE
STEPPER
MOTOR |

NYY\_.__.‘r

SN75439
, sl R
DM———]——
oN 1a l(1e) *
|
DATA l
LINES | |
FROM 2A , (15)
MICROPROCESSOR | m
| !
DK 3A, 10
|
L | ‘ | }——l
4A |9 ®
N |
WAVEFORMS
DNeeed L LT
okd L L_J L

|
|
|
g |
|
|
|

L ———

FIGURE 3. FULL-STEP FOUR-PHASE STEPPER MOTOR DRIVER

4-76
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SN75446 THRU SN75449
DUAL PERIPHERAL DRIVERS

D2481, € " 1978 —REVISED DECEMBER 1989

Very Low Power Requirements
Very Low Input Current
Characterized for Use to 350 mA

No Output Latch-Up at 60 V (After
Conducting 300 mA)

High-Voltage Outputs (70 V Min)

Output Clamp Diodes for Transient
Suppression (360 mA, 70 V)

TTL- or MOS-Compatible Diode-Clamped
Inputs

Standard Supply Voltage

Suitable for Hammer-Driver Applications

description

Series SN75446 dual peripheral drivers are
designed for use in systems that require high
current, high voltage, and fast switching times.
The SN75446, SN75447, SN75448, and
SN75449 provide AND, NAND, OR, and NOR
drivers, respectively. These devices have diode-
clamped inputs as well as high-current, high-
voltage inductive-clamp diodes on the outputs.

Series SN75446 drivers are characterized for
operation from 0°C to 70°C.

D OR P PACKAGE
(TOP VIEW)

s UsOvee
1AE2 7[02A
1v[]s s[]2y
GND []4 5[] CLAMP

FUNCTION TABLES

SN75446
(EACH AND DRIVER}

INPUTS OUTPUT

A S A4

H H H

L X L

X L L
SN75447

(EACH NAND DRIVER}

INPUTS OUTPUT

A S A\
H H L
L X H
X L H
SN75448

{EACH OR DRIVER}

INPUTS OUTPUT

schematics of inputs and outputs A S y
H X H
X H H
EQUIVALENT TYPICAL L L L
OF EACH INPUT OF ALL OUTPUTS
CLAMP SN75449
Vee p ——— {EACH NOR DRIVER)
'
3 . INI | outeut
3 OUTPUT s v
_ H X L
INPUT X H L
- L L H
GND
H = high level
L = low level
X = irrelevant
PROBUCTION DATA documents centain informatien i d
currq;l_t as] of publi:'n‘linn Qate, f"';"’““‘l Cenform to . Copyright © 1989, Texas Instruments Incorporate:
specifications par the terms af Taxas Instruments
standard wamrntl. Production pracessing dees not Tr‘(AS
necessarily include testing ef all parematars. lNS'l RUMENTS
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SN75446 THRU SN75449
DUAL PERIPHERAL DRIVERS

logic symbolst

logic diagrams (positive logic)

SN75446

SN75446 (3)
a2 p—— v
w21 e o 8 4y
CLAMP |-¥-—
) {1
s
61 oy s o 18 oy
Py N Li— ¥ ciamp "
2A 5 cLamp
N LU BT
positive logic: Y = AS or A+S
SN75447 SN75447 @
r———————— 1Y
a2 &D QL_B)1Y 1A (2)
m CLAMP
s 8) Ly ()
i (5) s o oy
2A —— % CLAMP 2
7)
2A 5 ¢y amp
4
—— U o
positive togic: Y = ASor A +S
SN75448 SN75448
(3} 1
(2) =10 (3 (2)
1A oOpFP——1W 1A
" CLAMP H
s (6) (1)
2y
7 (5) s o8 ov
PYNL L. % CLAMP
{7)
2A ) cLamp
" awp
positive logic: Y = A +Sor ﬁ
SN75449 SN75449 @y
3 a2 b
w1 =10 o By
m CLAMP —
s L | ® s M i6)
7 (5 2 * 2Y
PYNp A ¥ cLamp
2a 12 i5)

CLAMP

1t These symbols are in accordance with ANSI/IEEE Std 91-1984

and !EC Publication 617-12. (4)
p——————— GND
positive logic: Y = A+ Sor AS

{ip
TeExAs
INSTRUMENTS
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SN75446 THRU SN75449
DUAL PERIPHERAL DRIVERS

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

Supply voltage, Ve (see Note 1) . .. .. oo e 7V
INput voltage . . . . .. e e e e s 55V
Output current {see Note 2) . .. . .. e e i e e 400 mA
Output clamp diode CUITENt . . .. . . .. it e e e e e 400 mA
Continuous total power dissipation . . . ......... ... ... .. .. ... ... See Dissipation Rating Table
Operating free-air temperature range, TA . . . . . oottt i i e e 0°C to 70°C
Storage tempPerature range . ... ..o v vt et e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. ........ e 260°C

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

2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short

time interval must fall within the continuous dissipation ratings.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 725 mw 5.8 mw/°C 464 mW
P 1000 mw 8.0 mw/°C 640 mwW

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Ve 4.75 5 65.26 \
High-leve! input voltage, VjH 2 \
Low-level input voltage, VL 0.8 \'
Dperating free-air temperature, Tpa (0] 70 °C
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN  TYPT  MAX UNIT
ViK input clamp voltage lj = -12mA -09 -156 \'
IoH  High-level output current x|c|_c==0?8.7\i Vi X‘:H ==27\(/)'V 1 100 uA
Vee = 475V, lgL = 100 mA 0.10 0.3
VoL Low-level output voltage ViH = 2V, loL = 200 mA 0.22 0.45 \
ViL = 0.8V oL = 300 mA 0.45 0.65
oL = 350 mA 0.56 0.75
| V(BR)O Output breakdown voltage Voo = 4.75V, IgH = 100 gA 70 v
VR(K) Output clamp diode reverse voltage Vee = 475V, ig = 100 pA 70 \%
VE(K) Output clamp diode forward voltage Vee = 475V, I = 350 mA 0.6 1.2 1.6 \4
liH High-level input current Vee = 5.25V, Vy =525V 0.01 10 A
m Low-level input current A input Ve = 5.25V, V=08V —0.5 -10 uA
Strobe S -1 -20
SN75446 Vi=5V 11 18
. SN75447 V=0 11 18
IccH  Supply current, outputs high aN7R448 Vee = 5,26V V: —5v 8 25 mA
449 | Vi =0 18 25
.ﬂ Vi =0 11 18
Iccl.  Supply current, outputs low SN78447 | Vee = 5.26 V Vi=5V 1 18 mA
. 1448 Vi =0 18 25
443 | Vi =5V 18 25

‘Qi’
TeExas
INSTRUMENTS
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SN75446 THRU SN75449
DUAL PERIPHERAL DRIVERS

switching characteristics, Vgg = 5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tppy Propagation delay time, low-to-high-level output 300 750 ns
tpHL Propagation delay time, high-to-low-level output CL = 15pF, R = 100 Q, 200 s00 ns
trLH  Transition time, low-to-high-level output See Figure 1 50 o ns
tyyy  Transition time, high-to-low-level output 50 v ns
Vo High-level output voltage after switching Vs = ssse:;::;r: 200 mA, Vg-0.018 v

PARAMETER MEASUREMENT INFORMATION

INPUT 2 4V Vee 20V
SN75446 ‘ I AL~ 1000
SN75447
—_
25 | I ouTPUT
LSE ! CIRCUIT
Pu S/A I UNDER I
GENERATOR : e
{See Note A) I I CL = 15 pF
SN75448 {See Note B)
| SN75449 L_ _I
~  OPEN =
TEST CIRCUIT
b*"_ =5ns k—bl—— <10 ns
L | o
27V | | 27V
SN75446 INPUT 1.5V X | |A£15v
SN75448 X077V 07v_y|
g === oV
¢ 5 us
—bl I‘h——s ns —’Ll..ﬂ—< 10 ns
SN75447 |\ o0 [1 427V 27 VX |
SN75449 Hisv 5V
07V 07V
| l
f———tprL tPLH —"——pl
s l 50% YOH
OUTPUT 5‘:‘::/ 5)(3;/“ |
l JI-_ VoL

I I
o= eThe [ tren
VOLTAGE WAVEFORMS

NOTES: A. The puise generator has the following characteristics: PRR = 100 kHz, Zgyy = 50 0.
B. Cy includes probe and jig capacitance.

FIGURE 1. SWITCHING CHARACTERISTICS

TeExas {"
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SN75446 THRU SN75449
DUAL PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

Vg=55V
INPUT 24V 5V
’_L_' 2 mH
SN75446
SN75447
| | 180 2
PULSE i
GENERATOR |—@ Al circurt
{See Note A) UNDER OUTPUT
[ TEST
[
CL =15pF
f 1 {See Note B)
SN75448 |
SN75449 ND
04V = 4 L
TEST CIRCUIT
k—-h}—- =5 ns |‘ <10 ns
o |
3v
SN75446 0%, | | ¥s0%
5
sn7saqg NPUT 15V | Hsv
| ¥ 10% 10% !
['5 _ 40 us
| M——=<5ns
SN75447 || oow
sn7saae 'NPUT v
10%
VoH
OUTPUT
______ VoL

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zqyy = 50 Q.
B. Ci includes probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

TeExAs J‘?
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SN75465 THRU SN75469
DARLINGTON TRANSISTOR ARRAYS

D2&?~ NFCFMBER 1976 —REVISED SEPTEMBER 1986

HIGH VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

500-mA Rated Collector Current D OR N PACKAGE
{Single Output) (TOP VIEW)
High-Voitage Outputs .. . 100 V 180 WhelD1c
. 28[]2  1s[]2cC
Output Cla Diodes
et me 38z w[dsc
Inputs Compatible with Various Types of 4[4 13[d4c
Logic 58[]s 12[]5C
. L 6B[Je 11[]6C
Relay Driver Applications
Y PP 7B E 7 1olJ7cC
Higher-Voltage Versions of ULN2005A, e{]s 9[] com

ULN2001A, ULN2002A, ULN2003A, and
ULN2004A, Respectively, for Commercial
Temperature Range

description

The SN75465, SN75466, SN75467, SN75468, and SN75469 are monolithic high-voltage, high-current
Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage outputs
with common-cathode clamp diodes for switching inductive loads. The collector-current rating of each
Darlington pair is 500 mA. The Darlington pairs may be paralleled for higher current capability. Applications
include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers,
and logic buffers.

The SN75465 has a 1050-Q series base resistor and is especially designed for use with TTL where higher
current is required and loading of the driving source is not a concern. The SN754686 is a general-purpose
array and may be used with TTL, P-MOS, CMOS, and other MOS technologies. The SN75467 is specifically
designed for use with 14- 1o 25-V P-MOS devices and each input has a zener diode and resistor in series
to limit the input current to a safe limit. The SN75468 has a 2700-Q series base resistor for each Darlington
pair for operation directly with TTL or 5-V CMOS. The SN75469 has a 10.5-k{} series base resistor to
allow its operation directly from CMOS or P-MOS that use supply voltages of 6 to 15 V. The required input
current is below that of the SN75468 and the required voltage is less than that required by the SN75467.

slandard warren

logic symbolT logic diagram
9
(9} [—ﬂ-—o——‘ L com
CLAMP com
18 (1} ‘D& . (16) 1
(16
18 AU > o e l P
5
. 12 . ((1 ! 2 g 2! 1|>(> : 18 e
1
a8 (3) N 4} e 3
13
a4 SR (3) (14}
5 e % — s
5B 5C
(6} L (1) b
8 o o s 2 13 e
78 | P>—— 7c
4
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 58 {5) {12) sc
IEC Publication 617-12.
p
68 (6) {>C . (11) 6C
I 10
78 2 1'>c * (ol 7C
1o, ICTION " Incuments contain information . Copyright © 1986, Texas Instruments Incorporated
on dala. Products conform to v}
..... atigny i the terms of Texas Instruments

Praductisn pracessing dees net

EXAS
nacassarily mclmrs testing of all parameters. lNSTRUM ENTS
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SN75465 THRU SN75469
DARLINGTON TRANSISTOR ARRAYS

schematics (each Darlington pair}

com com

OUTPUT C OUTPUT C
INPUT B INPUT B 10.5 k0
7.2 kQ
. 3k g E
_ E %4
e »
SN75466 SN75467
com
Rp OUTPUT C
INPUT 8 |
SN75465: Rg = 1.05 kQ
SN75468: Rg = 2.7 ki Al v
SN75469: Rg = 10.5 k0 ; Ko 3k ¢ E
7
SN75465, SN75468, SN75469
All resistor values shown are nominal.
absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted)
Collector-emitter voltage . . . . .. . . .o e e e 100V

Input voltage {see Note 1): SN75465 .. .. .. ... it i i e e
SN75467, SN75468, SN75469 . ...... ... .. ... .. ... ...,

Peak collector current {see Figures 14 and 15} .... ... ... ... i, 500 mA
Output clamp diode current . . .. ... . . e 500 mA
Total emitter-terminal CUIrENt . . . . . vttt et et et et e e e s -25A
Continuous total power dissipation . .. ......... ... .. ... ... ... See Dissipation Rating Table
Operating free-air temperature range, TA. . . .. ottt it i e it it s 0°C to 70°C
Storage temperature range . ... ... v ittt s —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . . .. .............. ... 260°C

NOTE 1: All voitage values are with respect to the emitter/substrate terminal, E, unless otherwise noted.

DISSIPATION RATING TABLE

PACKAGE Ta = 256°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 950 mwW 7.6 mw/eC 608 mwW
N 1150 mw 9.2 mwW/°C 736 mW

{i’
TeExas
INSTRUMENTS
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SN75465, SN75466, SN75467
DARLINGTON TRANSISTOR ARRAYS

electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

PARAMETER TEST TEST CONDITIONS - S——N75465 UNIT
FIGURE . TYP MAX
VCE=100 V, =0 50
ICEX Collector cutoff current 1 A
VCE=100 V, =0, TA=70°C 100
lifoff) Off-state input current 3 Vcg=100V, Ic=500 ygA, Ta=70°C 50 65 pA
Iy Input current 4 V=3V 1.5 2.4 mA
Viton) On-state input voltage 5 Vee=2V, Ic=350 mA 2.4 \
W= A, Ic =100 mA 0.9 1.1
Collector-emitter = £ c o
VCE(sat) X 6 1=+ uA, Ic =200 mA 1 1.3 \%
saturation voltage —
||=5600 .4, Ic =350 mA 1.2 1.6
Clamp diode reverse VR= " v 50
R 7 —. uA
current VR= v, TaA=70°C 100
Cl diode f d
VE lamp diode forwan 8 |ip=350mA 17 2| v
voltage
C; input capacitance V=0, f=1 MHz 15 25 pF
electrical characteristics at 25 °C free-air temperature (unless otherwise noted)
TEST SN75466 SN75467
PARAMETER TEST CONDITIONS |
FIGURE MIN TYP MAX MIN TYP MAX unIT
1 V=100V, ||=0 50 50
ICEX Collector cutoff current Veg=100V,| |=0 100 100 A
2 TA=70°C |v|=6V
VCe=50V, Ic=500xA,
lijoffy  Off-state input current 3 T,EE= 205c C 2 50 65 50 65 pA
[ Input current 4 V=17V 0.82 1.25 mA
Static forward current
h 6 Veg=2V, Ic=350 mA | 1000
FE transfer ratio CE ¢
Vijon) On-state input voitage 5 VCeE=2V, Ic =300 mA 13 v
1|=250 A, Ic=100 mA 09 11 0.9 1.1
v Collector-emitter 6 —[l—_ “A lc- :A 1 13 1 13 v
CElsat) caturation voltage 1= ] C=- . .
Ic= nA 1.2 1.6 1.2 1.6
Clamp diode 50 50
IR 7 A
forward voltage Ta=70°C 100 100
Cl diod
Vi ame dlofe 8 1.7 2 1.7 2| v
forward voltage
Ci Input capacitance f=1 MHz 15 25 15 25 pF

-{if
TeExas
INSTRUMENTS
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SN75468, SN75469

DARLINGTON TRANSISTOR ARRAYS

electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

PARAMETER TEST TEST CONDITIONS SN75468 SN75469 UNIT
FIGURE MiN TYP MAX MIN TYP MAX
] VCg=100V, |j=0 50 50
ICEX Collector cutoff current Vee=100V,| §h=0 100 . #A
2 TA=70°C [vj=1V
loffy  Off-state input current 3 ¥§i=7c5)2 CV’ lc=5004A | 5y 4 50 65 ¥A
V|=3.856 V 0.93 1.35
Iy Input current 4 V=5V 0.35 0.5 mA
V=12V 1 1.45
&125 mA 5
Ic- nA 2.4 6
) [ic- nA 2.7
Vijon) On-state input voltage 5 VCe=2V lo=275 mA 7 \
Ic =300 mA 3
ic =350 mA 8
Collector-emitter = A lc=" DA 08 11 08 11
VCE(sat) saturation voltage 6 | b= WA, ic=. mA 1 1.3 1 1.3 A
1j=500 uA, Ic =350 mA 1.2 1.6 1.2 1.6
IR Clamp diode 7 VR=100 V 50 50 A
reverse current VR=100V, Tpa=70°C 100 100
VE Clamp dioda 8 IF =350 mA 1.7 2 1.7 2| v
forward voltage
Cj Input capacitance V=0, f=1"% 15 25 15 25 pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLy Propagation delay time, low-to-high-level output Vg=50V, RL=163Q, 0.25 1 u©s
tpyL Propagation delay time, high-to-low-level output CL =15 pF, See Figure 9 0.25 1 us
) . Vg=50V, 10 = 300 mA,
VoH  High-levei output voltage after switching See Figure 10 Vg—20 mv
i
TEXAS
INSTRUMENTS
4-86 POST OFFICE BOX 855303 - DALLAS, TEXAS 75265




SN75465 THRU SN75469
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

OPEN VeE

ICEX
OPEN ¢

FIGURE 1. ICgx

OPEN Vce

l'c

g

ff)

.|}_|\ l

FIGURE 3. 1)(off)

OPEN

%%% \:En) ‘ tif %E?T“:

FIGURE 5. V(on)

VR
"
OPEN

FIGURE 7. IR

OPEN Vce
ICEX

Vi

FIGURE 2. Icgx

OPEN
H{on)
vy OPEN
FIGURE 4. |
OPEN

3 we Ot

NOTE: 1) js fixed for measuring VCE(sat), variable for measuring hp .
FIGURE 6. hfrg, VCE(sat)

be

e

FIGURE 8. VF

Trxas {'f

INSTRI'MENTS
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SN75465 THRU SN75469
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT OPEN Vs =50V
‘466 only

PULSE
GENERATOR - = — — ~
{See Note A)

ouTPUT 50% 50%

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.6 kHz, Z, = 50 Q.
B. Cy includes probe and jig capacitance.
C. For testing the '465, 466, and '468, V|4 = 3 V; for the 467, V| = 13 V; for the '469, Vjy = 8 V.

FIGURE 9. PROPAGATION DELAY TIMES

PULSE
GENERATOR
{See Note A)

OouUTPUT

Vi
|See Note C)

VoH
QUTPUT /

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.6 kHz, Z, = 60 Q.
8. Cy includes probe and jig capacitance.
C. For testing the '465, '466, and '468, V|q = 3 V; for the 467, V|q = 13 V; for the '469, Vi = 8 V.

FIGURE 10. LATCH-UP TEST

{i’
Texas
INSTRUMENTS
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SN75465 THRU SN75469
DARLINGTON TRANSISTOR ARRAYS

COLLECTOR EMITTER
SATURATION VOLTAGE

TYPICAL CHARACTERISTICS

COLLECTOR EMITTLR
SATURATION VOLTAGE

Duty Cycle—%
FIGURE 14

v vs COLLECTOR CURRENT
COLLECTOR CURRENT COLLECTOR CURRENT vs
(ONE DARLINGTON) {TWO DARLINGTONS PARALLELED) INPUT CURRENT
>
'é' ” T, ! 25"](: 1 * J 25°C :Z 20
5 ia= K —Ta= 250 A [Ta=26"C
;: 20 3 20 ! {\“// < a00 \l/ ]ov /1
8 11 = 250 uA 5 1] = 350 A [ s=1
s A g £ 350
s 1} = 350 A g a8 .
& s /‘:=500:A— 2 L ) 1/ vs-sv
2 7~ g sl g 20 /
g H L= ims00ua | B y J
“é 10 w10 — 3 200 /
i A b ow
S os 3 os - 100 4
5 i - IE - -+ 50 |
> %5700 200 300 400 500 600 700 00 £ 0 100 205 300 400 503 600 706 600 %0 25 S0 75 100 125 150 175 200
Ig—Collector Current—mA IC{to1)- Total Collector Current-mA I{~fnput Current—uA
FIGURE 11 FIGURE 12 FIGURE 13
THERMAL INFORMATION
D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs Vs
DUTY CYCLE DUTY CYCLE
600 600
< <
N =1
E 500 E 500
RN " L N\
E 00—\ N e £ N\ \f\?
3 4 3 400
3} \! N I~ 13} \\\\\ v, | N~
g \4, g \\ RN ~~
8 300 N \\ S g 2 300 NN NG
8 \ \ ¥ §\1\\ 8 N =6 \\7 5 \ I
N=6 NS ~ ! NN
§ 200fn! RN 4] § 200 N=7 >~
£ o o Sy T P E \'\\
b3 [ x P~
X g % ~
= 100} Ta = 70°C } \:E 2 100}-TA = 70°C
© N = Number of Outputs ] o N = Number of Outputs
Conducting Simultaneously | Conducting Sin:ulta?eoulsly
o | L 1 1 1 1 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Duty Cycle — %
FIGURE 15

{ip
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SN75465 THRU SN75469

DARLINGTON TRANSISTOR ARRAYS

Vss

P-MOS
OQUTPUT

SN75467

+V

TYPICAL APPLICATION DATA

Vee
o

SN75465

SN75466, SN75468

TTL
OUTPUT
P-MOS TO LOAD TTL TO LOAD
SN75465
VoD SN75469 +V Vee SN75468
- _{>OT " —|>0—T 5
] o} | = ) Uy &
w ——Dcﬁ = —Dc =
Ly Rp Ly d
"o e £ Do s
- >0 s > s
ng ' ———E)c [ [ = -——£>K>7[ [ =
~ > I P > I s
3 o = —3 =
L =
cmos L J 1 =
QUTPUT = = = OUTPUT
BUFFER FOR USE OF PULL-UP RESISTORS
HIGHER CURRENT LOADS TO INCREASE DRIVE CURRENT
i
XAS I.u
INSTRUMENTS
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SN75471 THRU SN75473
DUAL PERIPHERAL DRIVER

D2130, DECEMBER 1976 —REVISED MAY 1990

PERIPHERAL DRIVERS FOR HIGH-VOLTAGE,
HIGH-CURRENT DRIVER APPLICATIONS

Characterized for Use to 300 mA

High-Voltage Outputs

No Output Latch-Up at 55 V (After

Conducting 300 mA)
Medium-Speed Switching

D OR P PACKAGE
{TOP VIEW)

iadr UsDvee

18 []2 7{] 2B

1v 3 s[J 2a

GND [_|4 51J2Y

SUMMARY OF SERIES SN75471

LOGIC OF
A o . I EVICE PACKAGE
CII’C!JIt FIexnan!ty for \{arled Applications and DEVIC| COMPLETE CIRCUIT CKAGES
Choice of Logic Function SN75471 AN op
TTL-Compatible Diode-Clamped Inputs SN75472 NAND DP
SN75473 OR D,P

Standard Supply Voltages

Plastic DIP (P) with Copper Lead Frame
Provides Cooler Operation and Improved

Reliability

description

Series SN75471 dual peripheral drivers are functionally interchangeable with Series SN75451B and Series
SN75461 peripheral drivers, but are designed for use in systems that require higher breakdown voltages
than either of those series can provide at the expense of slightly slower switching speeds than Series 754518
(limits are the same as Series SN75461). Typical applications include logic buffers, power drivers, relay
drivers, lamp drivers, MOS drivers, line drivers, and memory drivers.

The SN75471, SN75472, and SN75473 are dual peripheral AND, NAND, and OR drivers, respectively,
{assuming positive logic) with the output of the logic gates internally connected to the bases of the n-p-n

output transistors.

Series SN75471 drivers are characterized for operation from 0°C to 70°C.

PROOUCTION DATA decuments contain infermation
currant as of publication date. Preducts conform to
spacifications per the terms of Texas Instruments

i '_wnrrnnt‘!. Preductien p ing dees not
necessarily include testing of all parameters.
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SN75471 THRU SN75473
DUAL PERIPHERAL DRIVERS

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

Supply voltage, VCC (see NOte 1) . .. ..ottt i ettt e e

INPUL VORAGE . . . .o o e e e e e e 55V
Interemitter voltage (see NOte 2) . . ... .. ... i ittt et ettt et e 55V
Off-state OUPUL VOIIAGE . . . . . . . ittt e et e e e e e e 70V
Continuous collector or output current (see Note 3) ... ...... ... ... . ... ... ... 400 mA
Peak collector or output current (tyy < 10 ms, duty cycle < 50%, see Note 3) ......... 500 mA
Continuous total power dissipation . . . .. ...... ... ... ... ...... See Dissipation Rating Table
Operating free-air temperature range, TA . . . . - . oottt ittt e e 0°C to 70°C
Storage temperature TaNgE . . . .. .o vttt i e e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ................... 260°C

NOTES: 1. Voltage values are with respect to the network ground terminal untess otherwise specified.
2. This is the voitage between two emitters of a muitiple-emitter transistor.

3. Both halves of these dual circuits may conduct rated current simuitaneously; however, power dissipation averaged over a

short time interval must fall within the continuous dissipation rating.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
PO\.}K RATING ABOVE Tp = 25°C  POWER RATING
D mwW 5.8 mw/°C 464 mW
P 1000 mW 8.0 mw/°C 640 mW

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Voo 4.75 5 5.25
High-level input voltage, V|4 2
Low-level input voltage, Vj 0.8
Operating free-air temperature, Ta 0 70

Texas ‘5’
INSTRUMENTS
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SN75471

DUAL PERIPHERAL POSITIVE-AND DRIVER

logic symbolT

1) S
1A (3)
S
. 12 Q
2a 18 | {5)
{7 ——— 2Y
2B

TThis symbo! is in accordance with ANSI/IEEE Std 91-1984 and
|EC Publication 617-12.

FUNCTION TABLE
{EACH DRIVER)

A B Y

L L L {on state}
L H L {on state}
H L L {on state)
H H H (off state)

logic diagram (positive

(1)
1A

{2)
1B

(6)

(7)
28

schematic {(each driver)

logic)

(3)

°

5:4'(9

Pd
316k

Vee

positive logici__ A—¢g
Y = ABor A+B B —
y § 3
$1kS2
9-6— GND
Resistor values shown are nominal. /;7
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN TYP? MI.\X _IJEIIT_
ViKk  Input clamp voltage Vee =475V, = —12mA -1.2 3.4 v
Vee =475V, VIH = 2V,
lpH High-level output current Vgﬁ — 70V H 100 »A
=475V, V)L =08V,
|Vcc 100 mX L 0.26 0.4
oL = .
V, Low-level output voita: v
oL Low-level output voitage VoG = 475V, Vg =08V . .
lpL = 300 mA ) )
1 t i
) .nput current at maximum Ve = 5.25V, Vi = 65V 1 A
input voltage
lH  High-level input current Vee = 65.26V, V) =24V 40 A
i Low-level input current Vee = 5.2BV, vy = 04V -1 -1.6 mA
lccH Supply current, outputs high Vee = 625V, V=6V 8 11 mA
iccL Supply current, outputs low Vee = 5.26V, V) =0 56 76 mA
Al typical values are at Vo = 6§V, Ta = 25°C.
switching characteristics, Vgg = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpiH Propagation delay time, low-to-high-level output 30 B5 ns
tpHL Propagation delay time, high-to-low-level output lp = 200mA, Ci = 15 pF, 25 40 ns
tTyH Transition time, low-to-high-level output Ry = 60 Q, See Figure 1 8 20 ns
tTHL Transition time, high-to-low-level output 10 20 ns
Vg = 65V, lp = 300 mA,
VpH High-level output voltage after switching Sfe Figure 2 0 m Vg-18 mV
2
TEXAS
INSTRUMENTS
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SN75472

DUAL PERIPHERAL POSITIVE-NAND DRIVER

logic symbolt

(1} &>
1A 3)
1 12 Qp——1v
(6)
2A 7) | LT 2Y
28

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

IEC Publication 617-12.

FUNCTION TABLE

logic diagram (positive logic)

03)
1 v
1A
(2)
1B

{6)

e 2V
2A
(7)
28
GND

(5)

E

(EACH DRIVER) schematic (each driver)
A B Y L 7Y v
cc
L L H (off state) S4 KO S 1.6 k0 1.6 kQ 2130 k)
L H H {off state)
H L | H (off state) ! 1
H H L {on state} . - I Y
NN . A .
A » \‘_g (o b
positive logic _l_ L
Y - ABorA+B ° 1kQ 71k 500 Q
Ml e GND
) g
m
Resistor values shown are nominal
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN TYP! MAX [ uniT
VK Input clamp voltage Veg = 475V, ) = —12mA -1.2 -1.56 \
Vee =475V, VI =2V,
lor High-level output current cc H 100 pA
VgH = 70V
Vv =475V, V)L =08V,
cc L 0.25 0.4
loL = 100 mA
VoL Low-levet output voltage \
Ve =475V, Vi =08V
0.5 0.7
loL = 300 mA
I t t at i
0 ‘npu current at maximum Vee = 525V, V) = 5.5V 1 mA
input voltage
|y  High-level input current Vee = 56.25V, V) =24V 40 pA
lIL  Low-level input current Vec =525V, Vi =04V -1 -1.6 mA
lccH Supply current, outputs high Vee = 525V, V=5V 13 17 mA
IccL Supply current, outputs low Vee = 525V, V=0 61 76 mA
*All typical velues are at Voo = 5V, Ta = 25°C.
switching characteristics, Vg = 5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Propagation delay time, low-to-high-level output 45 65 ns
tpHL Propagation delay time, high-to-low-level output lo = 200mA, C = 15 pF, 30 50 ns
trLH Transition time, low-to-high-level output R = 500, See Figure 1 13 25 ns
tTHL Transition time, high-to-low-level output 10 20 ns
. Vg = 55V, lgp = 300 mA,
V High-level output voltage aft tch Vg-18 \Z
oH Hig utput voltag er switching See Figure 2 S m
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SN75473

DUAL PERIPHERAL POSITIVE-OR DRIVER

logic symbolt

logic diagram (positive logic)

(1) (3)
Wi =P 31 ) W
3] O A 1A -
18— 2)
6) 18
28 ——— (5)
U — 2Y
28 5,y
2A (6)
tThis symbol is in accordance with ANSYIEEE Std 91-1984 and @
|IEC Publication 617-12. 2B
)—L” GND
FUNCTION TABLE
(EACH DRIVER) schematic (each driver)
A B Y .
3 Vee
L L | Llonstate) aks 16ke 34k 31300
L H H {off state)
H L H (off state)
H H H (off state) A
—4 Y
positive logic:  __ B
Y = A+Bor AB 4
<
1‘ Y 31k 2500 ©2
/77 GND
Resistor values shown are nominal.
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN TYP¥ MAX [ unIT
ViK Input clamp voltage Vee = 475V, | = ~12 mA -1.2 -15 \
) Vec = 475V, Vig = 2V,
| High-level output t 1 A
OH igh-level output curren Vop = 70V 00 u
\" =475V, Vi_ =08V,
cc L 025 0.4
loL = 100 mA
VoL Low-level output voltage v
Vee =475V, VjL=08V
0.5 0.7
loL = 300 mA
input current at d
j nputcument at maximum Vee = 5.25V, V) = 55V 1| ma
input voltage
iy  High-level input current Vec =58.26V, Vip =24V 40 uA
lit  Low-level input current Vee = 56.25V, Vi =04V -1 -1.6 mA
lccH Supply current, outputs high Veeg = 56.25V, V=56V 8 11 mA
IccL Supply current, outputs low Vee =525V, V=0 58 76 mA
*All typical values are at Vo = 5V, Ta = 25°C.
switching characteristics, Vgc = 5V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Propagation delay time, low-to-high-level output 30 55 ns
tpyL Propagation delay time, high-to-low-level output lg = 200 mA, CL = 15 pF, 25 40 ns
tTLHy Transition time, low-to-high-level output RL = 609, See Figure 1 8 25 ns
tTHL Transition time, high-to-low-level output 10 25 ns
Vg = 65V, lg = 300 mA,
lon High-level output voltage after switching Sese Figure 2 0 Vg-18 mV

TeEXASs Q’
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SN75471 THRU SN75473
DUAL PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

- e <5ns > !“510 ns
| |
|
|
INPUT 54y 10 v :
1}
‘471 RL=500g
472 05
L7 [ OUTPUT —» | M-<5ns —» | le<10ns
PULSE 1 |
GENERATOR |-¢ CIRCUIT 1 |
(Sea Note A) UNDER l
TEST I
T
| — |
473 GND | SUB
1_1_1 |
04v T Jr‘ =
OUTPUT
l ——~1- =VoL
i
> Mt trn ¥, e

TEST CIRCUIT VOLTAGE WAVEFORMS N

NOTES: A. The pulse generator has the following characteristics: PRR < 1 MHz, Zg = 50 .
8. Cy includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES

Vg=55V
INPUT 54v sv 2mH
>
‘471 1N3064 5:130 Q
472
OUTPUT
PULSE
GENERATOR |-& CIRCUIT
(See Note A) UNDER
TEST
T
CL = 15 pF
— L
473 GND :sua {See Note B} Vow
L1
oav = = = & OUTPUT
- —=VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR < 12.5 kHz, Z, = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

Texas {?
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SN75476 THRU SN75479
DUAL PERIPHERAL DRIVERS

logic symbolst logic diagrams (positive logic)
SN75476 2) @ Ly
2 b
(2 13) 1A
1A = &0 oSp— 1Y
" CLAMP|-¥%—
s —E 6) 5y s 41 8)_ Hy
2 2 ¥ cLamp )
Py )

CLAMP

._@_ GND

positive logic: Y = AS or A+S

SN75477 @
a2 &b o,y ] —————1v
s CLAMP [-X—
{6} 1)
) P o s o (8
2A * CLAMP 2v
(7)
2A 15 cLame
(4)
b — GND
positive logic: Y=AS or A+S
SN75478
{3
2) T (3 (2) ——— 1
a2 =0 oSy 1A
CLAMP [-¥—
(1)
S 16) 2 {1)
) 5 Y s PR (- R
2A a CLAMP
{7)
2A 15 cLamp
G
positive logic: Y =A +Sor AS
SN75479 (3)
(2) (3) 12 v
1A 2 | =10 o b, (3) 1Y
" CLAMP [-¥—
1
s (6) 2Y S m . (6} 2y
YN — o2 cLamp ”
7
2A ) CLAMP
(4)

p———————— GND
positive logic: Y = A+ S or AS

tThese symbols are in accordance with ANSV/IEEE Std 91-1984
and |EC Publication 617-12.

j
Texas {f
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SN75476 THRU SN75479
DUAL PERIPHERAL DRIVERS

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

Supply voltage, Vcc (see Note 1) .. ................. e 7V
Input voltage .. ... ... i P i .. BBV
Continuous output current (see Note 2) . ..................... e P 400 mA
Peak output current: ty < 10 ms, dutycycle < 50% .. ...t vt i e 500 mA

tw < 30 ns, duty cycle < 0.002% . ... i i 3A
Output clamp diode CUITENT . . . .o i i e e et e e e e e e e 400 mA
Continuous total power dissipation . . ............... .. .. ....... See Dissipation Rating Table
Operating free-air temperature range, TA. .. . v i it i e e et e 0°C to 70°C
Storage temMperature range . . ... ... ..ttt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. .. ................... 260°C

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

2. Both halves of this dual circuit may conduct rated current simultaneously; however, power dissipation averaged over a short

time interval must fall within the continuous dissipation ratings.

DISSIPATION RATING TABLE

PACKAGE Tp = 25°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 725 mW 5.8 mw/°C 464 mW
P 1000 mW 8.0 mwW/°C 640 mW

recommended operating conditions

MIN  NOM MAX UNIT
Supply voltage, Ve 4.5 5 5.5 \4
High-level input voltage, Vi4 2 v
Low-level input voltage, V| 0.8 \2
Operating free-air temperature, Tp (e} 70 °c
electrical characteristics over recommended operating free-air temperature range
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
ViK Input clamp voltage I = -12mA -0.95 -1.5 \
§ ’ Vee = 4.5V, VIH = 2V,
toH High-level output current Vil - 0.8V, VoH = 70V 1 100 rA
Vge = 45V, loL = 100 mA 0.16 0.3
VoL Low-level output voltage Vi = 2V, lopL = 176 mA 0.22 0.5 A
VL =08V loL = 300 mA 0.33 0.6
V(gRJO  Output breakdown voltage Ve = 45V, IoH = 10N xA 70 100 \
VRIK) Output clamp diode reverse voltage Veg = 4.5V, g = ° A 70 100 \
VE(K) Output clamp diode forward voltage Vee = 45V, IF = ouu MA 0.8 1.15 1.6 \
4 High-level input current Vge = 5.5V, V) =565V 0.01 10 A
. A input -80 -110
i Low-level input current Stroze s Vee =65V, V) =08V 760 —220 rA
SN75476 Vi=5V 10 17
lccH Supply current, outputs high SN75477 Vege =565V Y1=0 0 7 mA
SN75478 V=5V 10 17
SN75479 V=0 10 17
- 476 Vi =0 54 75
iccL Supply current, outputs low izzz:z; Vegg = 6.6V x: : 2 v :: ;: mA
. 9479 V=5V 54 75

TAIl typical values are at Voe = 5V, Ta = 25°C.

{ip
Trxas
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SN75476 THRU SN75479
DUAL PERIPHERAL DRIVERS

switching characteristics, Vg¢ = 5V, TaA = 25°C

t‘"l’“THL

VOLTAGE WAVEFORMS

I‘-’]— tTLH

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zgyt = 50 Q.

B. CL includes probe and jig capacitance.

FIGURE 1. SWITCHING CHARACTERISTICS

PARAMETER TEST CONDITIONS Mo TYP MAX | 1=l
tplH Propagation delay time, low-to-high-level output ns
tpHL Propagation delay time, high-to-low-level output CL = 16 pF, R = 100 Q, ns

L L —_
tTLH  Transition time, low-to-high-level output See Figure 1 ou ns
tyHL  Transition time, high-to-low-level output 90 ns

Vs = 55V, [p ~300 mA, o
VoH High-tevel output voltage after switching § .0 m Vg-18 mV
See Figure 2
PARAMETER MEASUREMENT INFORMATION
INPUT 24V Vee 30V
SN75476 1 R =100 0
SN75477 i
& A8 ouTPUT
CIRCUIT
PULSE oa | UnpER
GENERATOR TEST
{See Note A) I CL = 15 pF
| {See Note B}
SN75478 l
SN75479
e ——
04V OPEN -
TEST CIRCUIT
k—»l—— <5 ns Iq—»l—— <10 ns
[ 1
3V
27V | | 27V
SN75476 |NPUT 15V Y| | A15v
SN75478 0.7V 0.7V
| 0.5 3 —— ==
. us-———-—ﬂ
_q E: <5 —pl <10 ns
|| A27v = 27v'-+4::_—_ v
SN75477 |\ br : . |
SN75479 | 15V 15V I
07V 1N 07V
| oV
| l
jo— et tPLH —l‘———’l
s Lisss, Vo
50% 50%
OUTPUT 10°% 10% |
| L VoL

4-100
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SN75476 THRU SN75479
DUAL PERIPHERAL DRIVERS

PARAMETER MEASUREMENT INFORMATION

Vg=55V
INPUT 24V 5V
2mH
SN75476
SN75477
180 @

v

—
SN75478

SN75479 GND

PULSE OUTPUT
GENERATOR |—@ Al CcIRCUIT
(Sea Note A) UNDER
TEST
[
CL =15 pF
J /[ (See Note B)
04V = £ L
TEST CIRCUIT

k——bl—-sSns lﬂ—>l—§10ns
b |

3V
90% | | 90%
SN75476
sn7eazg 'NPUT 15V |H15Vv
1Y 10% 10% Y !
! ———————0V
e 40 us »
——J j——=<5ns —! | j—=<10ns_ v
— §N'=rm 0% Y |
54
ooty INPUT [ #£15v 15 v
10% 10%
ov

— Vou
ouUTPUT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the foliowing characteristics: PRR = 12.56 kHz, Zgyp = 50 Q.
B. C| includes probe and jig capacitance.

FIGURE 2. LATCH-UP TEST

{i’
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SN754410
QUADRUPLE HALF-H DRIVER

D2942, NOVEMBER 1986 —REVISED MAY 1980

1-A Output Current Capability Per Driver NE PACKAGE
. . (TOP VIEW)
Output Ciamp Diodes for inductive Transient
Suppression 1.2eN[Th Uss[] Veet
o 1Az 1s[]4A
® Applications Inciude Haif-H and Fuli-H
Solenoid Dri d Motor Dri Y0a e[l 4V
olenold Drivers and ilotor Drivers HEATSINK AND {[4 130 } HEATSINK AND
Designed for Positive-Supply Applications GROUND s 12[] § GROUND
. 2Y{e 114 3Y
® Wide Supply Voitage Range: 24 [ 0[] 34
. \Y
4.5V to 36 veez s o 3.4en
® TTL- and CMOS-Compatible High-impedance
Diode-Clamped Inputs FUNCTION TABLE
® Separate Input-Logic Supply (EACH DRIVER)
t
® Thermai Shutdown INPUTS OUTPUT
A EN Y
® Internal ESD Protection H H H
® Input Hysteresis improves Noise Immunity L H L
X L z
® Three-State Outputs
H = high-level
® Minimized Power Dissipation L = low-level
) X = irrelevant
® Sink/Source interiock Circuitry Prevents Z = high-impedance (off}
Simultaneous Conduction Tin the thermal shutdown
s " R mode, the output is in high-
® No Output “‘Glitch’” During Power-Up or impedance state regardless
Power-Down of the input levels.

® Improved Functionai Repiacement for the
SGS L293D

description

The SN754410 is a quadruple high-current half-H driver designed to provide bidirectional drive currents
of up to one ampere at voltages from 4.5 V to 36 V. Itis designed to drive inductive loads such as relays,
solenoids, dc and bipolar stepping motors, as well as other high-current/high-voltage loads in positive-supply
applications.

All inputs are compatible with TTL and low-ievel CMOS logic. Each output {Y) is a complete totem-pole
driver with a Darlington transistor sink and a psuedo-Darlington source. Drivers are enabled in pairs with
drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4 enabled by 3,4EN. When an enable input is high,
the associated drivers are enabled and their outputs become active and in phase with their inputs. When
the enable input is low, those drivers are disabled and their cutputs are off and in a high-impedance state.
With the proper data inputs, each pair of drivers form a full-H (or bridge) reversible drive suitable for solenoid
or motor applications.

A separate supply voitage (V1) is provided for the logic input circuits to minimize device power dissipation.
Supply voltage (V¢ 2) is used for the output circuits.

The SN754410 is designed for operation from —-40°C to 85°C.

=i % 3N locuments contain information N Copyrnight © 1990, Texas Instruments Incorporated
n,..:n.f ul ,,..Lh...'.llinn date. fPr]c_uim:!sl conform to T f}
specifications per the terms of Texas Instruments

feaTundr T torms of Toras nstumts EXAS

INSTRUMENTS

POST OFFICE BOX 655303 v OALLAS, TEXAS 75265 4-103

P pr o
necessarily include testing of all parameters.



SN754410
QUADRUPLE HALF-H DRIVER

logic symbolt logic diagram
(2)
1A ——
. > Sl @,
1,2enU s
(6}
2
22 v
0)
3A = [>d
. N 9 (11) 3y
3,42 TR
2a018) v 14y

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and
JEC Publication 617-12.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
- L 4 Veez
Veer
CURRENT
SOURCE
1
#——OUTPUT
INPUT
i |
GND 1
S
—_—— GND

{i,
Texas
INSTRUMENTS
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SN754410
QUADRUPLE HALF-H DRIVER

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

Logic supply voltage range, Vggt (seeNote 1) ... ... ... .. . o . -0.5Vto36V
Output supply voltage range, VL2 - - - - vt e e et e e e e e -0.5Vto36V
INput voltage ... ... . e e e e e 36V
Output voltage range, VO . . . ..ottt i e ~-3Vto Vgge+3V
Peak output current {nonrepetitive, tyy < 5ms), IpK ... ... . +2 A
Continuous output current, [0 . ... ..o e e e e e +1.1 A
Continuous total dissipation at {or below) 25°C free-air temperature {see Note 2)....... 2075 mW
Operating free-air temperature range .. ... ......... ...t ien e nennn. —-40°C to 85°C
Operating case or virtual junction temperature range . . .........c.....c.co... —-40°C to 150°C
Storage temperature Tange . . . . .. u v i n it vttt e e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .................... 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. To avoid exceeding the design
maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical
characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above
or below the rated dissipation.

recommended operating conditions

MIN MAX | UNIT
Logic supply voitage, Vcc1 4.5 5.5 \4
Output supply voltage, Voc2 4.5 36 \4
High-level input voltage, Vi 2 5.5 Vv
Low-level input voltage, V)i -0.37 0.8 \
Operating virtual junction temperature, T ~40 125 °C
Operating free-air temperature, T -40 85 °C

1 The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this data sheet for logic
voltage levels.

Trxas *@

INSTRUIMENTS
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SN754410
QUADRUPLE HALF-H DRIVER

electrical characteristics over recommended ranges of Vg1, VCC2. and operating virtual junction
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
VK Input clamp voltage | = —12 mA -0.9 -1.5 \
lpH = -0.6 A Veea-1.5 Veeo-1.1
VoH High-level output voltage loy = -1 A Vega-2 v
loH = -1 A, T)=26°C Veez—~1.8 Veega-1.4
lo, =05 A 1 1.4
VoL  Low-level output voltage oL =1A 2 A
loL = 1A, Ty = 25°C 1.2 1.8
VokH High-tevel output clamp voltage lok = 0.8 A Veca+14 Vecp+?
log = 1A Veca+1.89 Vogz+2.5
lpk = 0.5 A -1.1 -2
VokL Low-level output clamp voitage ok = —1 A 13 Y v
Off-state (high-impedance state) | Vg = Vce2 .
loz — wA
output current Vo=0 -
hH High-level input current V) =566V A
T Low-level input current V=0 -10 HA
All outputs at high level 38
Ilcc1  Logic supply current lgp = 0 All outputs at low level 70 mA
All outputs at high impedance 25
All outputs at high level 33
lccz  Output supply current lp = 01 All outputs at low level 20 mA
All outputs at high impedance 5
T Al typical values are at Veer = 6V, Vogz =24V, Ta = 25°C.
switching characteristics, Vgg1 = 5V, Vee2 = 24V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH Delay time, low-to-high-level output from A input 800 ns
tDHL Delay.t.ime,.high-to-low-lhevel output from A input CL = 30 pF, See Figure 1 400_ ns
tr Y Transition time, low-to-high-level output ns
tTHL Transition time, high-to-low-level output ns
tpzH Enable time to the high level . ns
tpzL Er'\ab|e tir"ne to the low !eve[ CL = 30 pF, See Figure 2 £ ns
tpHz Disable time from the high level ' ns
tpLz Disable time from the low level 600 ns

FXAS ‘t’f
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SN754410
QUADRUPLE HALF-H DRIVER

PARAMETER MEASUREMENT INFORMATION

t
INPUT 5V 24V - - v
|| 90%
v
PULSE cc1 Veez
GENERATOR {—@—~{ A INPUT
{See Note A) CIRCUIT I S+ —~—-—0V
UNDER Y —IOUTPUT |
TEST e tyy M
CL = 30 pF —¥ [e—toLH
3 V———iEN L
(See Note B) | le-som |
GND VoH
=+ L
OQUTPUT | |
TEST CIRCUIT | 10% T y
-t --VoL
j—t— TLH

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: t, < 10 ns, t; < 10 ns, ty, = 10 us, PRR = 5 kHz, Z; = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES FROM DATA INPUTS

INPUT v 24V 12zv

\'2
PULSE cc1 Veez A - 220
GENERATOR |—@— EN L INPUT
(See Note A) CIRCUIT
UNDER Y QUTPUT
TEST
A C| = 30 pF
(See Note B)
GND
To 3 V for tpzy and tpHz _é- =
To 0 V for tpz)_ and tp .z
TEST CIRCUIT ouTPUT
|
e tpzn tPHZ
| —+ — ——Vou
ouTPUT ' '
50% 50%

=12V
VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: t; < 10 ns, t§ < 10 ns, tyy = 10 ps, PRR = 5 kHz, Z5 = 50 Q.
B. Cy includes probe and jig capacitance.

FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS

{i,
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SN754410
QUADRUPLE HALF-H DRIVER

APPLICATION INFORMATION

5V 24V
16 (8)| sn7s4410
10 k Veer B Vee2
CONTROL A De 2 o &
EN
("
1
>4
EN
7 )
( v
>
61
{10) (1
\%
EN
)
> o2
EN
CONTROL B—D-: (18) oy L] MOTOR
GND

14,5,12,13)

FIGURE 3. TWO-PHASE MOTOR DRIVER

{iP
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SN754411
QUADRUPLE HALF-H DRIVER

logic symbolT logic diagram
(2)
1A
D o (3)1Y
1,2EN w E: > ©
———-2Y
N i
3A— g o 115y
{9) f—1 EN
3.4EN EN S
4A(15) \v} ﬂu 3A 3y

3,4EN
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.

4A 4y

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Vcez
Vcc1_r——-_

CURRENT
SOURCE

VA

p——— QUTPUT

)

VWA

—_—— ® GND

TeExas {’)
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SN754411
QUADRUPLE HALF-H DRIVER

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

Logic supply voltage range, Vcoci (see Note 1) .. ... ...ttt -0.5Vto 36V
Output supply voltage range, VCC2 - - -« o v vt v et ettt ettt ettt e e et -0.5Vto 36V
INPUt VOItage . . . . e 36V
Output voltage range, VO - . - . v oot e e e -3VtoVcee+3V
Peak output current (nonrepetitive, tyy < 5ms), IPK .. oo vt i ittt +2 A
Continuous output current, 10 . . . .. . . e e +1.1A
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 2075 mwW
Operating free-air temperature range . ... ... ... ...ttt —40°C to 85°C
Operating case or virtual junction temperature range . ..................... —40°C to 150°C
Storage temperature range . . . . . .. ... i it e e -656°C to 160°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . . .................. 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 16.6 mW/°C. To avoid exceeding the design
maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical
characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above

or below the rated dissipation.

recommended operating conditions

MIN MAX | UNIT
Logic supply voltage, Vec 4.5 6.6 \4
QOutput supply voltage, Vce2 4.5 36 v
High-level input voltage, ViH 2 6.6 \
Low-level input voltage, VL -o0.3% 0.8 v
Operating virtual junction temperature, T —-40 125 °C
Operating free-air temperature, Ta —40 85 °C

T The algebraic convention, in which the least positive {most negative} limit is designated as minimum, is used in this data sheet for logic

voltage levels.

Texas “?
INSTRUMENTS
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SN754411
QUADRUPLE HALF-H DRIVER

electrical characteristics over recommended ranges of VCc1. VCC2., and operating virtual junction
temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT
ViK Input clamp voltage I = —12mA -0.9 -1.5 \4
IoH = -0.5 A Veea-1.5 Veea-1.1
VoH  High-level output voltage IoH = -1 A Veea—-2 v
o = -1A, Tj;=25° Veea-1.8 Vecz-1.4
oL = 0.5A 1 1.4
VoL Low-level output voltage oL = 1A 2 \
loL = 1A, Ty = 25°C 1.2 1.8
oz Off-state (high-impedance state) | Vo = Vcc2 ' o7 —
output current Vg =0 -
4 High-level input current Vi =565V v A
I, Low-level input current Vi =0 -10 A
All outputs at high level 38
icc1  Logic supply current lo = O All outputs at low level 70 mA
All outputs at high impedance 25
All cutputs at high level 33
Icc2  Output supply current Io = O All outputs at low level 20 mA
All outputs at high impedance 5
T All typical values are at Vcgq = 5V, Vgea = 24 V, Tp = 26°C.
switching characteristics, Vgc1 = 5V. Vgc2 = 24V, Ta = 26°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Delay time, low-to-high-leval output from A input . ns
iDHL Delay.t.ime,.high-to-low—lfavel output from A input CL = 30 pF, See Figure 1 - ns
tTLH  Transition time, low-to-high-leve! output nn ns
tTHL  Transition time, high-to-low-feve! output . ns
tpzH Enable time to the high level . ns
tpz)._Enable time to the low level GL = S0 oF, Ses Figure 2 400 ns
tpHz Disable time from the high level 900 ns
tpLz Disable time from the low level 600 ns

TExas “'f
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SN754411
QUADRUPLE HALF-H DRIVER

PARAMETER MEASUREMENT INFORMATION

INPUT 5V 24V

e ¢ NI_ tr 2y
PULSE Veer Veez ) 90%
GENERATOR o A
(See Note A)
CIRCUIT INPUT
UNDER Y OUTPUT
TEST
3 v—-Iyen CL = 30 pF
{See Note B)
GND
= =
TEST CIRCUIT

OUTPUT |
10%

1
le——trhL
VOLTAGE WAVEFORMS

NOTES: A. Tha pulse generator has the following characteristics: ty < 10 ns, ty < 10 ns, ty, = 10 us, PRR = 6 kHz, Z5 = 50 Q.
B. C| includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES FROM DATA INPUTS

INPUT 5V 24V 12v

PULSE Veea Veez B = 220
GENERATOR {——] EN t INPUT
{See Note A) CIRCUIT
UNDER Y OUTPUT
TEST
A CL = 30 pF
(See Note B)
GND
To 3 V for tpzH and tpHz "-‘—1: =
To 0 V for tpzy and tpLz
TEST CIRCUIT OuTPUT

OUTPUT

VOLTAGE WAVEFORMS

NOTES: A. Tha pulse genarator has the following characteristics: ty < 10 ns, tf < 10 ns, tyy = 10 us, PRR = 5 kHz, Z, = 50 Q.
B. Cy includes probe and jig capacitanca.

FIGURE 2. SWITCHING TIMES FROM ENABLE INPUTS

{i’
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SN754411
QUADRUPLE HALF-H DRIVER

APPLICATION INFORMATION

5V 24v
——
16 8| SN754411
10 kQ Veet P Veez 1
2 3
CONTROL A v
] EN
[
EN P s
7 6
v
q
10 1 13
v
- t
9 EN
—t e 4 0
15 14
CONTROL B v ) MOTOR
ND
G ALL DIODES: 1N4935
J (4,5,12,13)

FIGURE 3. TWO-PHASE MOTOR DRIVER
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TPIC0298
DUAL FULL-H DRIVER

D2942, JUNE 1987 —REVISED JANUARY 1990

Formerly TLP298

2-A Qutput Current Capability per Full-H
Driver

® Applications Include Half-H and Full-H
Solenoid Drivers and Motor Drivers

® Wide Range of Output Supply
Voltage . . . 5 Vto46 V

Separate Input-Logic Supply Voltage
Thermal Shutdown

Internal Electrostatic Discharge Protection
High Noise Immunity

Three-State Qutputs

Minimized Power Dissipation

Sink/Source Interlock Circuitry Prevents
Simultaneous Conduction

® Improved Functional Replacement for the
SGS L298

description

The TPIC0298 is a dual high-current full-H driver
designed to provide bidirectional drive currents
of up to two amperes at voltages from 5 V to
46 V. It is designed to drive inductive loads such
as relays, solenoids, dc motors, stepping motors,
and other high-current or high-voltage loads in
positive-supply applications. All inputs are TTL
compatible. Each output {Y) is a complete totem-
pole drive with a Darlington transistor sink and
a psuedo-Darlington source. Each full-H driver is
enabled separately. Outputs 1Y1 and 1Y2 are
enabled by 1EN and outputs 2Y1 and 2Y2 are
enabled by 2EN. When an EN input is high, the
associated channels are active. When an EN
input is low, the associated channels are off (i.e.,
in the high-impedance state).

Each half of the device forms a full-H reversible
driver suitable for solenoid or motor applications.
The current in each full-H driver can be
monitored by connecting a resistor between the
sense output terminal 1E and ground and another
resistor between sense output terminal 2E and
ground.

KV PACKAGE
{TOP VIEW)}

/ A T | ee—Y
‘T ev2

13 > 2Y1
I} —— 7.V
]| — =Y
10 D 2A1
O ]| — /e Tet
8l " "DOGND

[ O 1A2

>
> a1
—R VA
——— 2
———— v

— T

= N W A GO@

AN PN

The tab 1s electrically connected to pin 8.

logic symbolT

5
1A‘|————( ! e iv —(2) 1Y1
© EN
1en 1 5 M g
(7) B 3
1A2 ———] ob— % vz
10
PSP L. c 9 (3 ov1
EN
(11) (15)
2EN 2E
>
EN
(12) (14)
2A2 ——— v 2v2

T This symbol is in accordance with ANSV/IEEE Std 91-1984 and
IEC Publication 617-12.

FUNCTION TABLE
{EACH CHANNEL}

INPUTS OUTPUT
A EN Y
H H H
L L
X L 4
H = high-tevel
L = low-level
X = irrelevant
Z = high-impedance (off)

PRODUCTION DATA documents contain information : Copyright © 1990, Texas Instruments Incorporated
current es of publication data. Preducts conform to

spac‘ijﬁn:(inns per tl'\)e tdarmls of Texas Instdrumants EXAS

standard warranty. Praductian pracassing daas not

nacassarily include testing of all paramaters. INSTRUMENTS
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TPIC0298
DUAL FULL-H DRIVER

description (continued)

External high-speed output-clamp diodes should be used for inductive transient suppression. To minimize
device power dissipation, a VC(C1 supply voltage, separate from V2, is provided for the logic inputs.

The TPIC0298 is designed for operation from 0°C to 70°C.

logic diagram (positive logic)

Y1 1Y2 Veea 2v1 2vY2
{9) 2) (3) 4 (13) (14)
vVeer—— . _

5

1A1( ) —e & 12 2A2
q 3 [
12240 {19 541
1EN (6) (11) 2EN
(1) (8) {(15)
1€ GND 2E

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

Logic supply voltage range, VCC1.(seeNote 1) .. ... .. ... oL -0.3Vto7V
Output supply voltage range, VG2 - - - - v oo e e v vt e it tiime e e -0.3Vto50V
Input voltage range at AorEN, Vi (seeNote 2) ................. ... ... .. -16Vto7V
Output voltage range, VO . . ... oo oo it i i e —-2VtoVgee+2V
Emitter terminal (1E and 2E) voltage range, VE . . ... .. .ot v .. -0.5Vt 2.3V
Emitter terminal (1E and 2E) voltage (nonrepetitive, tyy < 50 pus) . ... ... ... L -1V
Inputcurrentat Aor EN, I] ... ... -15 mA
Peak output current, |OM, (nonrepetitive, tyy < 0.1 ms). ... ... oo +3 A
(repetitive, ty < 10 ms, duty cycle < 80%) ............... +2.56 A
Continuous output current, 10 . .. .. .. e 2 A
Peak combined output current for each full-H driver (see Note 3)
{nonrepetitive, tyy = 0.1 MS) . . . . oottt e +3 A
(repetitive, tyy =< 10 ms, dutycycle < 80%) ... ... .. i i +25 A
Continuous combined output current for each full-H driver (see Note 3) ................. +2 A
Continuous dissipation at (or below) 25°C free-air temperature (see Note 4) ........... 3.575 W
Continuous dissipation at (or below) 75°C case temperature (see Note 4} . .. ............. 25 W
Operating free-air, case, or virtual junction temperature rarige. . . ............. —40°C to 150°C
Storage temperature range . . . ... ... oo en i -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ............ ... .. ... 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal, unless otherwise noted.

2. The maximum current limitation at this terminal generally occurs at a voltage of lower magnitude than the voltage limit, Neither
the maximum current nor the maximum voltage for this terminal should be exceeded.

3. Combined output current applies to each of the two full-H drivers individually. This current s the sum of the currents at outputs
1Y1 and 1Y2 for full-H driver 1 and the sum of the currents at outputs 2Y1 and 2Y2 for full-H driver 2. The full-H drivers
may carry the rated combined current simultaneously.

4. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/°C. For operation above 75°C case
temperature, derate linearly at the rate of 333 mW/°C. Due to variations in individual device electrical characteristics and
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated
dissipetion.

Texas {'f
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TPICG298
DUAL FULL-H DRIVER

recommended operating conditions

MIN MAX UNIT
Logic supply voltage, Vcc1 4.5 7 \Y
Output supply voitage, Vcc2 5 46 \%
-0.5% 2
Emitter terminal (1E or 2E} voltage, Vg (see Note 5} Vee1-3.5 \
Veca-4
A 2.3 Veet
I . Veea-25
High-level input voltage, V| (see Note 5} 2.3 7 A
=~ Vees
Low-level input voltage at A or EN, V| -0.3% 1.5 v
Output current, Ig +2 A
Commutation frequency, fg 40 kHz
Operating free-air temperature, Ta 0 70 °C

T The algebraic convention, in which the least positive (most negative} designated minimum, is used in this data sheet for emitter terminal

voltage and logic voltage levels.

NOTE 5: For optimum device performance, the maximum recommended voltage at any A input is 2.5 V lower than V¢ 2, the maximum
recommended voltage at any EN input is Vg1, and the maximum recommended voltage at any emitter terminal is 3.5 V lower

than V1 and 4 V lower than Vocg.

{i’
EXAS
INSTRUMENTS
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TPIC0298
DUAL FULL-H DRIVER

electrical characteristics over recommended ranges of VCC1. V¢cC2. and VE, Ty = 25°C (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT
ViK Input clamp voltage I = —12 mA -0.9 -1.5 \
i loH = —-TA Vcea-1.8 Vega-1.2
v High-level output voltage v
OH 19 Py o loH = —2 A Voea—28 Veca—1.8
o, = 1A VE+1.2 VE+1.8
A Low-level output volit: Vv
OL  tow-level output voltage oL = 2 A Ve+t1.7  Vg+26
Total | ink | = =-1A, | =1A 2.4 3.4
Vdrop otal source plus sin OH oL See Note 6 Y
output voltage drop IgH = =2 A, lgL=2A 3.5 5.2
Off-state (high-impedance state}
lozH output current, high-level Vo = Vee2 500 rA

voltage applied

Off-state (high-impedance state)
lozl. output current, low-level Vo =0V, VE=0V -500 BA

voltage applied

EN = 20 100
. . A Vi = ViH

WiH High-level input current EN = L 10 A
EN V| = V|4 = Vgg1-0.6 V 6 100

TR Low-level input current Vi=0Vto15V -10° pA
All outputs at high level 7 12

lcc1  Logic supply current g =0 All outputs at low level 20 32 mA
All outputs at high impedance 4 6
All outputs at high level 25 50

icc2  Output supply curtent ig=0 All outputs at low level 6 20 mA
All outputs at high impedance 2

1 All typical values are at Veeq = 5V, Voga = 42V, VE = 0V, Ty = 25°C {unless otherwise noted).
NOTE 6: The Vqrop specification applies for gy and Iy applied simultaneously to ditferent output channels.

Vdrop = Vcc2 — VOH + VoL — Ve

switching characteristics, Vgc1 = 5 V. Vgg2 = 42V, VE = 0, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
td(on) Source current turn-on delay time from A input 0.6 S
td(off) Source current turn-off delay time from A input 0.8 s
t, Source current rise time (turning on) CL = 30 pF, 0.8 #s
tf Source current fall time (turning off) See Figure 1 0.2 s
td{on) Source current turn-on delay time from EN input 0.5 S
td(off) Source current turn-off delay time from EN input 2.5 1S
tdion) Sink current turn-on delay time from A input 1.3 s
td(off) Sink current turn-off delay time from A input 0.5 s
tr Sink current rise time (turning on) CL = 30 pF, 0.2 s
tf Sink current fail time (turning off) See Figure 2 0.2 us
td(on) Sink current turn-on delay time from EN input 0.3 us
td{off} Sink current turn-off delay time from EN input 1 us

{ip
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TPIC0298
DUAL FULL-H DRIVER

PARAMETER MEASUREMENT INFORMATION

5V a2v
INPUT I I
PULSE AJEN Veer Veez
GENERATOR ? CIRCUIT _,OHq
{See Note A) | (See Note B) UNDER Y QUTPUT
4 V—— A TEST _Lc 30 pF
- <
(See Note B)] GND E T(S‘-ee No(e"c) IR =200
L -
TEST CIRCUIT

INPUT VOLTAGE
WAVEFORM
{See Note B)

lop = 0A
OUTPUT CURRENT
WAVEFORM
—~———IlgpH = -2A
ro 1
{
—————— VOH = 40 V
: 90% 90% { o
OUTPUT VOLTAGE ! |
WAVEFORM | |
| |
% X 10%
10% b VoL = 0

VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 2 kHz, Zo = 50 Q.
B. ENis at 4 V if A is used as the switching input. A is at 4 V if EN is the switching input.
C. CL includes probe and jig capacitance.

FIGURE 1. SOURCE CURRENT SWITCHING TIMES FROM DATA AND ENABLE INPUTS

{ip
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TPIC0298
DUAL FULL-H DRIVER

PARAMETER MEASUREMENT INFORMATION

5V a2v
INPUT ] +—1
PULSE L
AJEN
GENERATOR L Veer veez oL E:RL =209
(See Note A) | (See Note B) CIRCUIT
UNDER Y * OUTPUT
4 VIEN]q EN/A TEST
}_ CL = 30 pF
0 VIA] GND E j\ {See Note C)
TEST CIRCUIT
=< 10ns j¢e—pf—=< 10 ns
INPUT VOLTAGE
WAVEFORM
ATA

(See Note B}

INPUT VOLTAGE
WAVEFORM
AT EN
{See Note B)

oL = 2A
DUTPUT CURRENT
WAVEFORM
lpH = O A
VoH = 42V
OUTPUT VOLTAGE
WAVEFORM
VoL =2V

VOLTAGE ANO CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 2 kHz, Z, = 50 Q.
B. ENis at 4 V if A is used as the switching input. A is at O V if EN is the switching input.
C. Ci includes probe and jig capacitance.

FIGURE 2. SINK CURRENT SWITCHING TIMES FROM DATA AND ENABLE INPUTS

Texas {5’
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TPIC0298
DUAL FULL-H DRIVER

TYPICAL APPLICATION DATA

This circuit shows one half of a TPIC0298 used to provide full-H bridge drive for a 24-V 2-A dc motor. Speed
control is achieved with a TLC555 timer. This provides variable duty cycle pulses to the EN input of the TPIC0298.
In this configuration, the operating frequency is approximately 1.2 kHz. The duty cycle is adjustable from 10%
to 90% to provide a wide range of motor speeds. The motor direction is determined by the logic level at the
direction control input. The circuit may be enabled or disabled by the logic level at the EN input. A 5-V supply
for the logic and timer circuit is provided by a TL431 short regulator. For circuit operation, refer to the function

table.

FUNCTION TABLE

DIRECTION
ENABLE 1Y1 1Y2
CONTROL
H H source sink
H L sink source
X disabled disabled

X = don‘t care H = high level L = low level

1 ke

MW T T 24v
SPEED 10 k2 RESET Vbp
CONTROLS
< out
:»
CONT
0.01 4F J-T
27 kQ
o 142
—_— TPIC0298
DIRECTION r ™ w2
CONTROL —_| \ 181 } 1A2
{ l P I y * V
s | 2.7 ka veer GND 1EN cez
I 401 l __|: __.L_.
] |
ensoc——§ | | Jp+—
| I
27 kQ
Diodes are 1N4934 or equivalent.
FIGURE 3. TPIC0298 AS BIDIRECTIONAL DC MOTOR DRIVER
i
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TPIC2404

INTELLIGENT-POWER QUAD LOW-SIDE SWITCH

AUGUST 1989 — REVISED NOVEMBER 1989

e 1-A Current Capabllity Per Channel
® 45-V Inductive Switching Voltage Capability

e Current Sink Inputs Compatlble with TTL or
CMOS Devices

e Output Clamp Diodes for Inductive
Transient Protection

o Independent Thermal Shutdown Protection
e Overvoltage Shutdown Protection

o Independent Channel Current Limit

e Error Sensing

e Extended Temperature Range of —40°C to
125°C

description

The TPIC2404 is a monolithic high-voltage high-
current quadruple low-side switch especially
designed for driving from low-level logic to
peripheral loads such as relays, solenoids,
motors, lamps, and other high-voltage high-
currentloads. The high-efficiency power switch is
optimized for applications where a very rugged
power switch is required. The device will tolerate
power supply transients and reverse battery
conditions up to 13 V.

KN SINGLE-IN-LINE PACKAGE
{TOP VIEW)

L 15— GND
O 18— 4A
13| =——= 4Y
12 [[E——= 3. 4 CLAMP
1 |[f—=3Y
10|—>3A
———— ENABLE
1 GND
Ve
1 2A
— A
———— 1, 2 CLAMP
——— 1Y
1A

©

O

- N W PO N

O
.

[—— > FAULT

The tab is electrically connected to the GND pins.

The TPIC2404 features four inverting open-collector outputs controlled by a common-enable input. When
ENABLE is low, the ¢ . - .ts are disabled. An error sensing circuit monitors load and device faults. When an

error is sensed, the * =

ILT output goes to a low state. In addition, the device features on-board VCC

overvoltage and thermal overload protection circuits, and the outputs are current-limit protected.

FUNCTION TABLE

ENABLE A Y FAULT

H H L H
Normal operation H L H H

L X H H
Open load

H L L
Short to GND L
Overvoltage shutdown " X " L
Thermal shutdown
Short to Voo H H L

PRODUCTION OATA documents contain information
currant as of publication data. Products conform to
spacifications per the tarms of Texas Instrumonts
standard warranty. Production precessing dess not
nacessarily include testing of all parametors,

Trxas Q’
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TPIC2404

INTELLIGENT-POWER QUAD LOW-SIDE SWITCH

logic symbolt

OVERVOLTAGE 9G1 51 &
SHUTDOWN G2 6+ I N
G3 74 FAULT
G4 8
ENABLE --—&— EN
j
OVERTEMPERATURE | &> Q 1Y
SHUTDOWN =1 e
1A A CLAMP -—)(—‘
2y
28—
1, 2 CLAMP
P~ 3Y
3A
b
4y
4A -— -—]
3. 4 CLAMP

1 This symbol is in accordance with ANSY/IEEE Std 91-1984 and IEC

Publication 617-12.

logic diagram (positive logic)

v, 7
CC—'|

ENABLE Ll

OVERVOLTAGE

2

SHUTOOWN

2A

.
%l

v TTORE
o

[

U,

3A

|

OVERTEMPERATURE o
SHUTDOWN

)

OVERTEMPERATURE b
SHUTDOWN

)

4A

OVERTEMPERATURE b
SHUTDOWN
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TPIC2404

INTELLIGENT-POWER QUAD LOW-SIDE SWITCH

schematics of inputs and outputs

EQUIVALENT OF EACH A INPUT

EQUIVALENT OF EACH Y OUTPUT

Vee ——I— ————— -—— vee
VOLTAGE
REGULATOR CLAMP
--= OuTPUT
INPUT
INPUT -— GND

EQUIVALENT OF ENABLE INPUT

vee ——I——"—

VOLTAGE
REGULATOR

'

ENABLE

GND —-——-

EQUIVALENT OF FAULT OUTPUT

- GND

.,
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TPIC2404
INTELLIGENT-POWER QUAD LOW-SIDE SWITCH

absolute maximum ratings over operating temperature range (uniess otherwise noted)

Supply voltage range, Vo (see Note 1) .. .. ..o o -13Vto24V
Input voltage range, V| .. ... .. e e e e ... =06Vtio7V
Output voltage range, VO .« v v v v v v vt et i e e e e -0.6Vtio45V
Output sustaining VOIAgE, VO(SUSE) « + + « « v v v v v vttt e et i 45V
Continuous output sink current (repetitive, ty < 8 ms), loL (seeNote2) . ...... ... ... et 15A
Output clamp-diode voltage, VOK « - <+t v vt e et it e e e e e e e e 45V
Continuous total dissipation at (or below) 25°C case temperature (seeNote3) . ... ............. 50 W
Operating case or virtual junction temperaturerange ... ... ...t it —-55°C to 150°C
Storage temperature range . . . . . o u e e e s —-65°C to 150°C
Lead temperature 1,6 mm (1/16inch) fromcasefor10s .. ... ... .. .. ... . . .. 260°C

NOTES:

1. All voltage values are with respect to the network ground terminal.

2. Output sink current is limited by the overcurrent limit.

3. For operation above 25°C free-air or case temperature refer to Figures 1 and 2. To avoid exceeding the design maximum virtual
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and
thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below rated
dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
3.0 T T T T 60

z Derating factor = 20 mW/°C

! RggaA = 50°C/WI

¢ 25 2 w0

5 \

= o

@ 2

2 %
B 4

4 s}

g 15 2 30

= 0

£ S

€ £

S 10 E 20

® o

P ks

. 05 ’9 10 [Darating factor = 0.4 W/°C

E D Rpyc = 2.5°C/wW

o L o [T9 = 150°C
25 50 75 100 125 150 0 25 50 75 100 125 150
Ta - Free-Air Temperature - °C T¢ - Case Temperature - °C
FIGURE 1 FIGURE 2
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TPIC2404
INTELLIGENT-POWER QUAD LOW-SIDE SWITCH

recommended operating conditions

MIN NOM MAX| UNIT
Supply voitage, Voo 9 12 16 \Y
High-level input voitage, ViH 2 5.5 \Y
Low-level Input voltage, V)| -0.3% 08| Vv
Peak output voltage from external inductive kickback 45 \'
Continuous output sink current 1 A
Fault output sink current 75 HA
Operating free-air temperature, Tp —-40 125 °C

1 The algebraic convention in which the least positive (most negative) value is designated minimum Is used In this data sheet for logic voltage

levels.

electrical characteristics over recommended ranges of operating free-air temperature and
supply voltages (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX| UNIT
Vo = 12V, ENABLE low 15 100] pA
lo(ofy Off-state output current Vo = 45V, ENABLE high 0.6 2] mA
Vo = 12V, ENABLE high 200 400 600| pA
liL Low-leve! input current Vi=0t008V -10 25 401 pA
§ . Alnputs 10 25 60| pA
hH High-level input current ENABLE 02 3 A
IgL = 100 mA 01 015
VoL Low-level output voltage loL = 500mA 03 055 v
loL=1A 0.8 13
FAULT output, Ig = 30 nA 0.2 0.4
loL Low-level output current FAULT output, Vo =1 Vo 55V 50 90 125 pA
IR(K) _ Clamp diode reverse current Vi=50V,Vo =0 100 pA
VF() Clamp diode forward voltage =14 2 \Y
f=15A 2.5
Outputs off, ENABLE low 0.25
lcc Supply current Outputs on, Tp = —~40°C 120 mA
Outputs on, Tp = 25° C to 125°C 100

operating characteristics over recommended operating free-air temperature and supply voltages

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
High-level . . <« v .0 o - 7 \'
Low-level 3 Vv
s Ta = —40°C 1.85|
Overcurrent limiting Tp = 235G 16 125°C 12 15 A
Vee Overve - - * - shutdown 25.5 31 Vv
Vhys  Oveivu.wges shutdown hysteresis Sy \
Thermal shutdown 1. °C
Thermal shutdown hysteresis 15 °Cc
Turn-on time 8 Ms
Turn-off time 8 us
# All typical values are at Vgg = 12V, T = 25 °C.
B
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TPIC2406

INTELLIGENT-POWER QUAD MOSFET LATCH

logic symboit
CLR _E).__L R
mempp 0 F
ENBL —2— Ny SHUTDOWN]
= F 4
3 > > 1 DRAIN
1IN ———————— 1D CLAMP —
17
18 4 DRAIN
4IN ———
- 14 CLAMP
8 > 2 DRAIN
2IN ——m—
14
13 3 DRAIN
3IN ——— 1
2,3 CLAMP
1 This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.
logic diagram (positive logic)
12
VD VOLTAGE
REGULATOR
|
8 UNDERVOLTAGE
Vee 0— 4
DETECT THERMAL 1 DRAIN
r SHUTDOWN |
N |
20 ) /rﬁ ‘ &——>— 1,4CLAMP
CLR T._r; R THERMAL 7 _ 2DRAIN
ENBL —D ¢t P SHUTDOWN 1
. m| L < I e 2,3CLAMP
1IN 1D 1/
8 : | 14 _ 3DRAIN
2IN oq ran
an 2 b } |
41N 18 //'{ TITT MAL 7 . bRaN
CIlLILOWN
19 :L J 5,6,15,16
LGND —¢ } { GND
'@ :D '/ L F
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL DRAIN OUTPUTS
Vee————— - ——— ——— ——————— CLAMP
VOLTAGE A
REGULATOR
——— DRAIN
- —
INPUT -
GND —e ° R - —— GND

absolute maximum ratings over - 40°C to 125°C case temperature range (unless otherwise noted)

Logic supply voltage, Voo (s NOte 1) .o e e e et i e 7V
Power MOSFET driver supply VOIREGE, VDD + vt vt vvintiiiiiaine ettt eneirienerirnraieienans 60V
LOGIC INPUEVOIRAGE, V| 4ottt i it e s e e e A%
Power MOSFET drain-source voltage, VDS .. vviviiiiitiiie e it iien e ie e naaanenns 60V
B OULPUEVOIBOR .+ . ettt ettt s e e ettt et e e et e et e et et e e e e e e e e e erenees 7V
Clamp diode voltage .........c.ovviiinviienan C e e e 60V
Continuous source-drain diode anode current ........ e e e [ . 126 A
Pulsed source-drain diode anode current ... ... .. i i e e 6A
Pulsed drain current, each output, all outputs on; Ipy = Ip2 = Ipz = Ip4 ,

Ta =25°C (see Note 2 and Figures 5 through 8) ....... e s e 3A
Continuous drain current, each output, all outputs on, Ip1 = Ipg = Ipg =lpg . TA=25°C .......... 770 mA
Peak drain current, single output, Ipp, TA=25°C (see Note 3) ........oooviviiiin o, e 128A
Single-pulse avalanche energy, EAS .. ..ot it iiiii i s 50 mJ
Continuous total dissipation at or below 25°C free-air temperature (see Note 4) .................. 25W
Continuous total dissipation at or below 100°C case temperature (see Note 4) ...............ccv.... 6W
Operating junction temperature range, Ty . ...vutve it iiiiiieeiirnnrriernrieanens —40°C to 150°C
Storage temperature FANGE . ... vv vttt ettt et —40°Cto 150°C
Lead temMPeratUre .. ... .ttt e i e 260°C

NOTES: 1.All voitage values are with respect to the five ground (GND and LGND) terminals connected together.
2.Pulse duration = 10 ms, duty cycle = 6%.
3.Pulse duration < 100 ps, duty cycle < 2%.
4.For operation above 25°C free-air temperaturs, derate linearly at the rate of 20 mW/°C. For operation above 100°C case temperature,
derate linearly at the rate of 120 mwW/°C. To avoid exceeding the design maximum junction temperature, these ratings should not be
exceeded. Due to variations in individual devices, electrical characteristics, and thermal resistance, the built-in thermal overload
protection may be activated at power levels slightly above or below the rated dissipation.

)
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

recommended operating conditions

MIN NOM MAX | UNIT

Logic supply voltage, Voo 4.5 5.5 \Y
Qutput supply voltage, Vpp 10 35 vV
High-level input voltage, ViH 2 v
Low-level input voltage, Vi 0.6 \
Setup time, tg;, data before ENBL 1 (see Figure 1) 100 ns
Hold time, th, data aftel * *. . 1 (see Figure 1) 100 ns
Pulse duration, ty (see Figure 1) gg;ll_;;w 300 ns

e ting case temperature, Tg —40 125 °C

electrical characteristics, Voc =5V, Vpp = 14 V, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
V(BR)DSX _Drain-source breakdown voltage Ip=1mA 60 \
VEK) Clamp diode forward voltage IF=1.25A, See Notes 5 and 6 1.6 \
VgD Source-drain diode forward voltage | Ig = 1.25 A, See Notes 5 and 6 1.5 \
ViK Input clamp voltage Vee = MIN, lj =~12mA -15 \
VoL F low-leve! output voltage loL = 4 mA 0.4 v
iy | High-level input current Ve =55V, Vij=27V 20 pA
I Low-level input current Vec=565V, Vi=0.4V 0.1 mA
lcc Logic supply current lo=0, All outputs off 10 mA
N Nominal current ¥gs=(gr51)oc=:’0~5 ) IS,\; :\?c;tes 5,6,and 7 700 mA
Ibb Qutput supply current lo=0, All outputs off 6 mA
. Vpg =55V, Vo=0 1
IR(K) Clamp-diode reverse current Vps — =AY, Vo-o0, To= 125G 5 WA
. VR=vu v 1
Ipsx Off-state drain current VR=55V. To o 125°C o wA
[1e1(3) High-level fauit leakage current VoH =55V 1 pA
ip= 1.25A 05 0.6
Dn) e O [RRR | seonossanas os 1| o
ip=3A 0.55 0.65

NOTES: 5. Technigue should limit Tj — Tc to 10°C maximum.
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
7. Nominal current is defined for a consistent comparison between devices from different sources. it is the current that produces a voltage
drop of 0.5 V at 85°C at case temperature.

i
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TPiC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

switching characteristics, Vcc =5V, Vpp =24V, T¢c = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Propagation delay time, low-to-high-level drain output
1PLH from clock 450 ns
tpHL Propagation delay time, high-to-low-level drain output CL=30pF, See Figure 1 550 ns
from clock
truH  Transition time, low-to-high-level of source-drain output 35 ns
tyHL Transition time, high-to-low-level of source-drain output 30 ns
tpLH Delay time, low-to-high-level drain output from input 380 ns
tpHL Delay time, high-to-low-level drain output from input CL =80 pF, Ses Figure 2, 380 ns
tRLH Rise time, low-to-high-level of source-drain output Ip=IN=700mA 35 ns
teqL Fall time, high-to-low-level of source-drain output 70 ns
ta Reverse-recovery-current rise time IF=3A, di/dt = 100 A/us, 45 ns
See Notes 5 and 8, See Figure 3
NOTES: 5. Technique should limit Tj~T¢ to 10°C maximum.
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
thermal resistance
PARAMETER TEST (hDITIONS MIN TYP MAX| UNIT
ReJC Junctfun-to-case. thermal resmta.nce All four outputs with equal power 8.33 | °CW
RaJA Junction-to-ambient thermal resistance 50| °CW
operating characteristics over — 40°C to 125°C case temperature range
PARAMETER MIN  TYP MAX| UNIT
vee Undervoltage shutdown 3 4.5 \
Thermal shutdown temperature 155 °C
Thermal shutdown hysteresis 15 °C

Texas “"
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

PARAMETER MEASUREMENT INFORMATION

av
INPUT, 1
TR Vg
WAVEFORM RL=37Q
GENERATOR |} ENBL
(See Note A) CIRCUIT OUTPU
UNDER DRAIN
WAVEFORM TEST
GENERATOR |_g-| v C =30 pF
(See Note A) ES (Is’ee NotF:a B)
GND
INPUT! =

[

(a) TEST CIRCUIT

e 5V
DATA IN \ /

—————————— oV
—————— 5V
N 50% 50% 50%
ENBL ! ! l oV
‘ld—'w(ENBL) b i
! t — tPHL
- llq— PLH B {Li
——— VoH
lz' 90% 90%
OUTPUT 10% A 0 S‘S‘ 10%
i { ! VoL
—»| 4— 'TLH _.;;Jl H"THL
(b) SWITCHING TIMES FROM ENABLE INPUT
lg— tw —3pl
! [, 3V
ENBL _MO% 0%
. | ov

Iﬂ‘ iw(ENBL)-N

14_
tsu -MN- " -bl

o XX XXX Ko T

(c) INPUT SETUP AND HOLD WAVEFORMS

NOTES: A.The pulse generator has the following characteristics: ty = 10 ns, tf = 10 ns, ty, = 300 ns, PRR = 5§ kHz, Zg =50 Q.
B. Ci_includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

PARAMETER MEASUREMENT INFORMATION

5V 13V i3y
Iv——-]
Vee ©R Vop| & e 5V
R =17.8Q INPUT 90%
ENBL 0% ; —_— 0V
il CIRCUIT OUTPUT "ﬁl .« |
N UNDER DRAIN tDHL t
WAVEF 4 & TEST ' . 1 toL e 13V
GENERAI- | o—| IN Cr =30 oF 10% | #10%
(See Note A) T L o ouTPUT 90%  90%
Note B | o &
GND T(See ote B) i !—%———OV
INPUT T = wHL R & 5 M= R
(a) TEST CIRCUIT (b) VOLTAGE WAVEFORMS

NOTES: A.The pulse generator has the following characteristics: t; = 10 ns, t < 10 ns, ty, = 5ms, PRR = 5 kHz, Zg = 50 Q.
B.Cy includes probe and jig capacitance.

FIGURE 2. SWITCHING TIMES

3A

di/dt=100 A/ s

[ - 25 % ol Ipm

IRM-

FIGURE 3. REVERSE-RECOVERY-CURRENT WAVEFORMS OF SOURCE-DRAIN DIODE

)
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

PARAMETER MEASUREMENT INFORMATION

5V 20V 14— ty—» N
|
! b INPUT 1.5ms |
Vee CLR VDS ° | (See Note B) I

0.11Q — —
ENBL | —-IL——— Ipm=3A
L CIRCUIT | !
|

- UNDER 10 mH 'o
WAVEFORM TEST 0
GENERATOR | —g—| |n

|
DRAIN Vps ! N _ V(BR)DSX =
(See Note A) T -— Vps | 60V MIN
GND Ips |
INPUT T 0 b

(a) TEST CIRCUIT {b) VOLTAGE WAVEFORMS

NOTES: A.The pulse generator has the following characteristics: t; < 10 ns, tf < 10 ns, ty = 1 ms, PRR = 5 kHz, Z5 =50 Q.
B. Input pulse duration is increased until peak current ipp = 3 A.

I X V, X tx
Energy test level is defined as Epg = L(—B:ljﬁ———= 50 mJ min.

FIGURE 4. SINGLE-PULSE AVALANCHE ENERGY TEST CIRCUIT AND WAVEFORMS

Texas "!’
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

275
2.50
2.25

1.76
1.50
1.25

Ip— Drain Current - A

0.756

0.50
0.25
0

275
2.50
2.25

1.75
1.50
1.25

Ip- Drain Current A

0.75
0.50
0.25

0

MAXIMUM RATINGS

MAXIMUM DRAIN CURRENT

MAXIMUM DRAIN CURRENT

vs Vs
DUTY CYCLE DUTY CYCLE
T T T T T T 3 T T T T T T
\ TA=25°C i 275 \\ Ta=50°C
AN\ N [ = Numoer of Outouts A Conducting Simultanseusty
Conducting Simultaneously - 2.50 u usly
\\ N SeeNotes \ See Note 8
™ 2.25 N —
<«
\ T S E\ S uE
L— N= € "N
\\2\ ;>‘\ N=3 g 175 \ \\ \K N=2
A 5 " — N=
Q\ig N=1 4 ‘,’:’ 1.50 \‘ \\:/ ~ ?
\\\\ S~ g 1.25 \\Q \\‘\ N=1
b \\ ) \\\\ \\
o 1 s —
B— 0.75
N=4 ’ N=4
0.50
0.25
0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
d - Duty Cycle —% d — Duty Cycle - %
FIGURE 5 FIGURE 6
MAXIMUM DRAIN CURRENT MAXIMUM DRAIN CURRENT
vs vs
DUTY CYCLE PULSE DURATION
\\ T T T 100 P AT -
_ TA=25°C - 70F Tpo=25°C |
\\ N = Number of Qutputs [ Nonrepetitive Pulse Operatlon :
Conducting Simuitaneously — I -
\ See Note 8 40 m |
AR I -
| 2
NN\NSNA £ 10l
\ N ~ Q
\ \\ \\ ~] N=1 ] % 7 i
\i\ ‘\\ ':?' =~
S — ] o 4 1 .
il
N= |
2
1
0 10 20 30 40 50 60 70 80 90 100 0.1 04 1 4 10 40 100 400 1000
d — Duty Cycle - % tw - Pulse Duration - ms
FIGURE 7 FIGURE 8
e
NOTE 8: For Figures 5, 6, and 7, d =tt_W = 10th . Where ty and i¢ are defined by the following:  tw h— -
C C D
0

j
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TPIC2406
INTELLIGENT-POWER QUAD MOSFET LATCH

MAXIMUM RATINGS

MAXIMUM CONTINUOUS
DRAIN CURRENT
vs
FREE-AIR TEMPERATURE

FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

1.4 ' T T T 1 3 T T T T
1.3 N=1 __ | N=Numberof Outputs -1 Derating factor = 20 mW/°C
12 Conducting Simultaneously _| ;l 25 RgJa = 50°C/W
1 N2 NG s
1 [}
T N=3 N ) 2 2
o 09 | < 2
§ 0.8 {\\'X\ 3
3 o7 [Nes o ISNDCN 3 15
£ 06 NN 2
. oS =
g 0.5 \\\ é 1
o 04 \\‘\ I
o . . ]
0.3 5 o5
0.2 ' —] o
0.1
0 L1 0
o 20 40 60 80 100 120 140 160 0 25 50 75 100 125 150
Ta - Free-Alr Temperature — °C Ta — Free-Alr Temperature - °C
FIGURE 9 FIGURE 10
TRANSIENT THERMAL IMPEDANCE The single-pulse curve in Figure 11 represents
vs measured data. The curves for various pulse
ON TIME durations are based on the following equation:
100 = - ]
= N 7= tw 1 w
S 1 - ma = | Rop +11 - o Zo(ty, + 1)
1 - |
= g i + Zogt,y — Zo(ty)
3 10F EE = Where:
1= - i
3 ] - Zy(t,) = the single-pulse thermal impedance
g . 0o for t= ty seconds
= T i Zyt) = the single-pulse thermal impedance
£ 4E A T fort= t; seconds
- e Zyuy + to) = the single-pulse thermal impedance
& q . E 1 fort= ty + t; seconds
% .1 n.angle pulse T T 1 d = tylte
¥ 0a [ rmum L l..... t
0.001 .01 0.1 1 10 100 1000 tw _,l‘—l‘_ _
t-0OnTime-s I | l | 'p
FIGURE 11 0
’
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TPIC2406

INTELLIGENT-POWER QUAD MOSFET LATCH

0.9
a
|
Q
2
£ 08
k]
]
]
T o7
o
@
g
3 o6
5]
g
©
& 05
2
B
L oas
<
S
[%2]
B 03

STATIC DRAIN-SOURCE

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE

ON-RESISTANCE

ON-RESISTANCE

NOTE 5: Technique should limit Tj-Tgto 10°C maximum.

vs
vs POWER MOSFET DRIVER SUPPLY VOLTAGE
DRAIN CURRENT
1 1 o 13 |
Vpp = 20V // L, |§D=N5°t°ergA
o 22— See Nof
Slee N?te 5‘ Ll 8
L - ]
T T | % 11
Tg= 125°C b
g N
L "N
S o9 AN
8 P~ Tg= 125°C
3 o8
:
Tc= 25°C A s 07
g 0.6
AN Tor 3570
- Tg= —40°C . N Tc - —40°C
[ I 04 -]
| z L[]
(/2]
L2 o3
0.5 1 15 2 2.5 3 8 12 18 20 24 28
Ip ~ Draln Current-A Vpp - Power MOSFET Driver Supply Voltage -V
FIGURE 12 FIGURE 13
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
D3282, AUGUST 1989 - =D JUNE 1990
¢ 8-Bit Serial-In Parallel-Out Driver . KV PLASTIC PACKAGE
(TOP VIEW)
¢ 1-A Output Current Capability per Channel
or 8-A Total Current / = sl —————> va
>
e Over-Current Limiting and Out-of-Saturation :: :2
[
Voltage Protection on Driver Outputs 12 v7
I
o Contains Eight Open-Coliector Saturating N> RST
Sink Outputs with Low On-State Voltage )| — e

©
w
@]

¢ High-Impedance Inputs with Hysteresis are
Compatible with TTL or CMOS Levels

e Very Low Standby Power ... 20 mW Typical

- N Wb OO N ®
H
o
ol
m

¢ Status of Output Drlvers May Be Monitored ——71}

at Seriai Output I
R |

¢ 3-State Serial Output Permits Serlal \ = \:g
Cascading or Wire-AND Device Connections N

¢ 25-V Transient Clamping with Inductive The tab is electrically connected to pin 8.
Switching on Outputs, 40-mJ Rating per
Driver Output

description

The TPIC2801 is a monolithic BIDFETT integrated circuit that is designed to sink currents up to 1 A at 30 V
simultaneously at each of eight driver outputs under serial input data control. Status of the individual driver
outputs is available in serial data format. The driver outputs have overcurrent limiting and out-of-saturation
voltage protection features. Applications include driving solenoids, relays, dc motors, lamps, and other
medium-current or high-voltage loads.

The device contains an 8-bit serial-in, parallel-out shift register that feeds an 8-bit parallel latch, which
independently controls each of the eight Y-output drivers.

Data is entered into the device serially via the serial input (Si) and goes directly into the lowest bit (0) of the shift
register. Using proper timing signals, the input data is passed to the corresponding output latch and output driver.
Alogic high bit at Sl turns the corresponding output driver (Yy,) off. A logic low bit at S turns the corresponding
outputdriver on. Serial data is transferred into Sl on the high-to-low transition of serial clock (SCLK) inputin 8-bit
bytes with data for Y7 output . B) first and data for YO output (LSB) last. Both Sl and SCLK are active when

serial input-output enable (S: :, input is low and are disabled when SIOE is high.

Each driver outputis monitored by a voltage comparator that compares the Y-output voltage level with an internal
out-of-saturation threshold voltage reference level. The logic state of the comparator output is dependent upon
whether the Y output is greater or smaller than the reference voltage level. An activated driver output will be
unlatched and turned off when the output voltage exceeds the out-of-saturation threshold voltage level except
when the internal unlatch enable is low and disabled. The high-to-low transition of SIOE transfers the logic state
of the comparator output to the shift register.

t BIDFET - Bipolardouble-diffused, N-channe! and P-channe! MOS transistors on same chip — patented process.

1i* IF 1"l N .~ “ocuments contain information Copyright © 1990, Texas Instruments Incorporated

« f  *h ."on date, r?ducls' coaform to TE #
3p. 1" .oz pul Lo tarms of Texas Instrumants XAS
stawu 1+ &arranty. Production processing doos not
nacess;rny includa testing of :Il paramgmrs INSTRUMENTS

POST OFFICE 80X 655303 * OALLAS, TEXAS 75265 4-141



TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

fogic symbolt

ISER PERIF DRIV]

ST
G7
J

1
7 WD s
5 R - ¢
SIOE
o 7G8/7ENS
b 7c4
> 7C2
6
SCLK > 8C3
SRGB
b 8C1/8 J
) -

7

st 8,1D 6 4 4D " i
] 1 Cuit®
}10,20 10 } 5§ .8 v1+ 710 1.

61+ 3D 9 v

tThis symbol is in accordance with ANSI/IEEE Std. 81-1984 and IEC Publication 617-12.
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

logic diagram (positive logic)
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

NAME NO.

PIN /0 DESCRIPTION

Ground. Common return for entire chip. The current out of this pin is potentially as high as 4 A if ali outputs are

GND 8 on, This ground is used for both iogic and power circuits
Reset. An asynchronous reset is provided for the shift register and the paralie! latches. This pin is active when
RST 11 i low and has no internal puiliup. When active, it causes the power outputs to turn off. A power-on clear can be
impiemented using an RC network to Vcg.
TR 6 | Serial Clock. This pin clocks the shift register. The serial output (SO) wili change state on the rising edge of this
ciock and serial input (SI) data wili be accepted on the faliing edge.
Serial input. This pin is the serial data input. A high on this pin will program a particuiar output to be off and a low
Si 7 ! will turn it on.
Serial input-Output Enable. Data is transferred from the shift registers to the power outputs on the rising edge of
SToE 5 . this signal. The falling edge of this signal paraliel loads the output voltage sense bits fromthe poweroutputs- -

into the shift register. The output driver for the serial output (SO) pin is enabled when this pin is low, providec
is high.

Serial Output. This pin is the serial 3-state output from the shift register and is in a high-impedance state when
SIOE is high or RST is fow. A high for a data bit on this pin indicates that the corresponding power output (Yp,)

SO 9 0 is high. This could mean that the output was programmed to be off the last time a byte was input to the device
or that the output faulted and was latched off by the output voltage sense indicator. A low on this pin for a data
bit indicates that the corresponding power output (Yp,) is low (an “on” output stage or open-circuit condition).

vee 10 5-V supply voltage

Yo 4

Y1 3

Y2 2 Power Outputs. The outputs are provided with current limiting and voltage sense for fault indication and

v 1 protection. The nominal load current for these outputs is 500 mA. but the current limiting is set to a minimum of

3 (o} 1.2 A. The active-low outputs also have voltage clamps setat about 35 V for recirculation of inductive load current.

Y4 15 Internal 80-kQ pull-down resistors are provided at each output. These resistors hold the output low during an open-

Y5 14 circuit condition.

Y6 13

Y7 12

PRINCIPLES OF OPERATION

timing data’ transfer

Figure 1 shows the overall 8-bit data-byte transfer to and from the TPIC2801 interface bus. The logic state of
the eight output drivers, YO through Y7, is latched into the shift register at time tg on the high-to-low transition
of SIOE. Therefore, the SO output data (DY, DY1 . . .) represents the conditions at the Y-driver outputs at time
to. The data at SO output is updated on the low-to-high transition of SCLK.

Input data present at the Sl input Is clocked into the shift register on the high-to-low transition of SCLK. As
shown in Figure 1 on the Sl input, input data DI7 is clocked in at time t1, DI6 is clocked in at time to, etc. Eight
SCLK pulses are used to serially load the eight bits of new data into the device. After all the new data is serially
loaded, the low-to-high transition of SIOE parallel loads the new data to the eight driver output latches, which
in turn directly control the eight Y-driver outputs.

An unlimited amount of data can be shifted through the shift register (into the SI and out the SO) and this
allows other devices to be cascaded in a daisy chain with the TPIC2801. Once the last data bit has been
shifted into the TPI~ %11, the SIOE input should be pulled high. The clock (SCLK) input should be low at both
transitions of the L! = input to avoid any false clocking of the shift register. The SCLK input is gated by the
SIOE input, so the SCLK input is ignored whenever the SIOE is high. At the rising edge of the SIOE input, the
shift register data is latched into the parallel latch and the output stages will be actuated by the new data. An
internal 100-us delay timer is also started on this rising edge. During the time delay, the outputs will be
protected only by the analog current-limiting circuits, since the resetting of the parallel latches by fault
conditions will be inhibited during this time period. This allows the device to overcome any high switching
currents that can flow during turn-on. Once the delay has ended, the output voltages are sensed by the
comparators and any output voltages higher than nominally 1.8 V are latched off.
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

PRINCIPLES OF OPERATION

fault-conditions check

Open-circuit conditions on any output can be monitored or checked by programming that output off. After a
short delay (microseconds), another control byte can be clocked into the the device. If the diagnostic bit for
that output comes back as a low, it indicates that the output is low and open circuited. A current overload
condition can be detected by programming an output on. After waiting an appropriate length of time, another
byte should be clocked into the TPIC2801. The diagnostic bit clocked back from the TPIC2801 in the
subsequent data transfer should indicate a low output. If a high returns, a current overload is indicated. A
quick overall check can be done by clocking in a test control byte. After a sufficient time delay, another control
byte (same byte can be used) is clocked in. The diagnostic data is exclusive ORed with the original control
byte. If a fault condition exists, a high will result.

TIME to  t1r t1 tat t2) 13t 3 t4r 4y 5y tgl tet tel tyr tyl tgr tgy tg

| [ N b |
I "
B
—
[

| | [ |
I Lo [ A B
[ I [ I R
—t 1 L
[ [ [ R O

H
Yo PRIOR (OLD} XDIO (NEW)
1 P b b 1 -
| I e e e e i
H
¥1 PRIOR (OLD} Xon (NEW)
i T | -
| I e e !
H
\ PRIOR {OLD} X 017 (NEW)

L

FIGURE 1. DATA-BYTE TRANSFER TIMING
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

schematics of inputs and outputs

D j==

INPUT

GND

EQUIVALENT OF ALL LOGIC INPUTS |EQUIVALENT OF SERIAL QUTPUT (SO} EQUIVALENT OF Y QUTPUTS (Yn}
(SI, SCLK, SIOE, RST)

— —Vee

::“':r Vee

ouTPUT

b
p—— OUTPUT

90 k@

T
il

2%

All resistor and voltage values shown are nominal.

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

Supply voltage range, Ve (see Note 1) ... ..o e -03Vto7V
INPUL VO, V] . .. o i i e e e e e e N A"
Outputvoltage range at SO . . .. ..t i e e -03Vto7V
INPUE CUITENE, J . . e i e e —-15mA
Peak output sink current at Y, IQ repetitive, tw =10ms, . ..................... Internally Limited
duty cycle = 50%, see Notes 2 and 3
Continuous output currentat Y, Ig (see Note 3) . ... ... . . i i e 1A
Peak current through GND terminal:
Nonrepetitive tyy = 0.2 MS . . ..ottt et et —8A
Repetitive, tw = 10 ms, dutycycle =50% .. .......... ... ... ... ... -6A
Continuous current through GND terminal . . ... ... ..o e —-4.5 A
Output clamp energy, EQK (after tuming off Ioon) =05A) . . ... ........ .. ... ... ..., 40md
Continuous dissipation at (or below) 25°C free-air temperature (see Note 4) ... ............ 3.575W
Continuous dissipation at (or below) 75°C case temperature (see Note4) . ................. 25wW
Operating case or virtual-junction temperaturerange . . . ... ... ... i —55°C to 150°C
Storage femperature range . . .. .. it e - 65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds .. ............. ... . .... 260°C
- NOTES: 1. All voltage values are with respect to network ground terminal.
2. Each Y output is individuaily current limited with a typical over-current limit of about 1.4 A
3. Muitiple Y outputs of this device may conduct rated current simultaneously; however, power dissipation (average) over a short
time interval must fall within the continuous dissipation range and the GND current must fali within the GND-terminal current range.
4. For operation above 25°C free-air temperature, derate linearly at the rate of 28.6 mW/°C. For operation above 75°C case

temperature, derate lineraly at the rate of 333 mW/°C. To avoid excesding the maximum virtual-junction temperaturs, these ratings
must not be exceeded.

4-146
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
recommended operating conditions
' MIN  NOM MAX | UNIT

Supply voltage, Voo 4.75 5 6.25 v

High-level input voltage, Viy 0.7 Vce 5.25 \

Low-ievel input voltage, Vi -0.3 0.2Vee \

Output voltage, VO(off) , 30 \

Continuous output current, I0(on) 1 A

Operating case temperature, Tg —40 25 105 °C
timing requirements (see Figure 2)

PARAMETER FROM TO TEST CONDITIONS MIN MAX| UNIT
fSCLK Clock frequency o] 500| kHz
twsCLKH Pulse duration, SCLK high 840 ns
twSCLKL Pulse duration, SCLK low 840 ns
twRST  Pulse duration, RST low 1000 ns
tsui Setup time SIOE} | SCLK} 1000 ns
tsu2 Setup time SCLK} | SIOE} 1000 ns
tsus Setup time Sl SCLK} 500 ns
th1 Hoid time SCLK} Si 500 ns
te Rise time (SCLK, SI, SIOE) 2] us
tf Fall time (SCLK, S!, SIOE) 2| us

electrical characateristics over recommended ranges of supply voltage and operating case
temperature (unless otherwise noted)

driver array outputs (YO0 to Y7)

PARAMETER 1EST CONETONS MIN TYPT  Max]| uNIT
10 =0.5 A, output i» vy 8Muiicu i and current shunted
Vok Output clamp voltage to ground 30 36 40 \
lo(offy  Off-state output current Vo =24V with output programmed off 1 mA
io(cL)  Output current limit Vo =3V with output programmed on 1.0 1.4 A
IoL=0.5A 04 05| V
Vo(on) On-state output voltage With output programmed on 'oL=0.75 A 06 ! v
loL =1 A, During 0.8 1.5 v
unlatch disable
With output d -
VTOS  Out of saturation threshoid voitage output programmed on and an over-current fauit 1.6 1.8 2 \
condition
shift register (inputs S, SIOE, SCLK, and RST)
PARAMETER TEST CONDITIONS MiIN MAX | UNIT
VT,  Positive-going threshold voltage 0.7Vce \
VT-  Negative-going threshold voltage 0.2Vce \
Vhys  Hysteresis voltage (V14— V1) 0.85 2.25 \
lj Input current Vi=0toVce 10 pA
Ci Inpout capacitance Vi=01to Vce 20 pF
T Alltypical values are at Vo = 5V, Ty = 25°C.
z
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TPIC2801

OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT

electrical characteristics over recommended ranges of supply voltage and operating case
temperature (uniess otherwise noted)

shift register (output SO)

PARAMETER TEST CONDITIONS MIN Typt MAX| UNIT
VoL Low-level output voltage lo=16mA 0.2 0.4 \'
VOH High-leve! output voltage o= -08mA Vee ~-1.3 \
o Output current Vp = 0 to Vg, SIOE input high . =10 pA
TJ = 105°C 150
Icc Supply current g&gﬂ{g“‘s onlo =05Aatal [T 50 200] mA
Ty = ~40°C 250
lcc Supply current All outputs off TJ = 25°C 10| mA
co Output capacitance Vo = 0to Vg, SIOE input high 20| pF
1 Al typical values are at Voo = 5 V, Tj = 25°C.
thermal characteristics
PARAMETER MIN MAX| UNIT
RoJc Thermal resistance, junction-to-case temperature 3| °CW
RaJA Thermal resistance, junction-to-ambient temperature 35| °C/W

switching characteristics over recommended ranges of supply voltage and operating case
temperatures (unless otherwise noted)

PARAMETER FROM TO TEST CONDITIONS MIN MAX | UNIT
ton  Enabletime SOE, | S0 |PLy.PRSee AL=2k 1000| ns
tgis  Disable time sioer | so gila;ezg PF.See R =2k, 1000| ns
td1 Delay tims, valid data SCLK?t 80 |CL=200pF,  SeeFigura4 740 ns
td2 Delay time, unlatch disable SIOE | Yn glla :reEg pF.Ses R_=50, 75 250| s
tr(so) Riss time, SO CL = 200 pF, See Flgure 4 150! ns
ti(so) Fall time, SO CL = 200 pF, See Figure 4 150 ns

g SO loL =500 mA, C| = 20 pF.See
tdon)  Delay time, tum-on SIOE? Yn AL =280 Figure & 10 Ms

: loL = 500 mA, * C| = 20 pF,See
tdofy  Delay time, turn-off SIOE} Yn éi — o1, Fi'(;ure S 101 ps
v Vel aftor'SOLK g, 212 emains | Soiky | 8O [CL=200pF,  See Figure 4 0 ns

;"
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH
WITH SERIAL INPUT

PARAMETER MEASUREMENT INFORMATION

. VIH
RST 0.2 Voo
02vee oo ¥ _ viL

J— tw(RST)

SIOE Vi
‘\0.2 vee 0.2 Vee {
—— — =V

I
fou1 .I fe—>b twsciknl * " f— tou2

SCLK
ViL

o
Y
<
(9]
(2]
o
3
<
(o]
(]
°
~
<
(2]
(¢}
o
Y
<
(2]
(9]
e
o
N
<
(9]
°
|
|
=<
=

tsu3 -'G—DI H——ﬂ— twSCLKL — je—1

0.7 Ver | fdt th1 g7y
070 IOADACION

FIGURE 2. INPUT TIMING WAVEFORMS
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
PARAMETER MEASUREMENT INFORMATION
Vec =5V 25V
AL = 2 kO
TPIC2801 [Ye)
SIOE——] UNDER ® OUTPUT
TEST
— C| = 20 pF
{See Note A}
GND
TEST CIRCUIT FOR ENABLE AND DISABLE TIMES
10 ns —p |&— —# l¢— 10ns
| |
| | v
SIOE 90% | | £ 90%
INPUT VOLTAGE 25V l 10% 10% I 25V
WAVEFORM

_“.‘ M- ton  tgis "J —

so [ [

QUTPUT VOLTAGE I 50% [ | 25V
WAVEFORM 1 I 50%
(See Note B) ———— VoL

{e] —DI M- ten  tgis "l e—

QUTPUT VOLTAGE | |- — — - Vo
WAVEFORM 2 ../_—_"\‘\__
{See Note B)  wreerems 50% 50% VoL
NOTES: A. Cy includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control when

SIOE is high. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output
controi when SIOE is high.

FIGURE 3. VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
PARAMETER MEASUREMENT INFORMATION
Ve =5V
TPIC2801 | g0
sCtk——  UNDER ouTPUT
TEST

== Ci = 200 pF

GND (See Note A)
TEST CIRCUIT FOR VALID DATA
DELAY TIME tg4 AND VALID TIME t,
SCLK 10ns 9 M— —» & 10ns
INPUT VOLTAGE | ! Ll 5y

WAVEFORM 12 07 Vce 0.7 Vee N|
02&{{25 v 25vYy 22Vee |
S0 td1
OUTPUT VOLTAGE —s

t
WAVEFORM 1 v o7 vee VoH
{See Note B} 0.2Vce . v
————————————— oL
SO tr{S0)
OUTPUT VOLTAGE i fe r
WAVEFORM 2
(See Note B) tv ; |
VX T T ———— Vou
7 Vee N
cc [ 0.2 Vee
v
| oL

|
—»  —tis0)

NOTES: A. C includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the iow-to-high transition of SCLK causes the SO output to switch
from low to high. Waveform 2 is for an output with internal conditions such that the low-to-high transition of SCLK causes the SO
output to switch from high to low.

FIGURE 4. VOLTAGE WAVEFORMS FOR DELAY TIMES

i
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
PARAMETER MEASUREMENT INFORMATION
Veg =5V Vg =11V
J RL =60
TPIC2801 |y
SIOE —— UNDER ®— OUTPUT
TEST
== CL = 20 pF
GND {See Note B}
TEST CIRCUIT FOR UNLATCH DISABLE
DELAY TIME tg
{See Note A)
10 ns —H — —»l k— 10 ns
SIOE ] ] | .l
INPUT VOLTAGE -~ — — ~ 5V
WAVEFORM L 90%  90% N |
10% l 285V 25V 0% 4
Y-OUTPUT
VOLTAGE 50% Vott = 11V
WAVEFORM |
(See Note C) A — — Vg =5V
l‘— ‘dz—ﬂ

Y-OUTPUT

CURRENT WAVEFORM 50% 7~ — ——locL) = 1.2 A
(See Note C) ! 0

NOTES: A. tg4s = delay until Y-output current goes off under fault condition,
B. Cy includes probe and jig capacitance.
C. Outputvoltage and current waveforms are for an output with internal conditions such that the low-to-high transition of STOE causes
the output to switch from being off to being on.
D. Load voliage Vg and load resistance R|_ are selected such that on-state voltage at the Y output under test, Vo is greater than the
maximum out-of-saturation threshold voltage, VTog. Thus, VoL = Vop, > VToS(max) = 1.98 V.

FIGURE 5. VOLTAGE AND CURRENT WAVEFORMS FOR UNLATCH DISABLE DELAY
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TPIC2801
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
PARAMETER MEASUREMENT INFORMATION
Vee =58V 14V
R =~ 280
TPIC2801
SI0E — UNDER Y & OUTPUT
TEST
—— Cp = 20 pF
GND (See Note B)

L.

TEST CIRCUIT FOR TURN-OFF *,;
AND TURN-ON tg(onj DELAY 1 %11 %

{See Note A}
10 ns —~ﬂ l¢— —» | 10ns
SI0E | | |
INPUT VOLTAGE 125 90%  so% X I - sy
WAVEFORM  10% /" 25 v 25V N 10%
Y-QUTPUT

VOLTAGE WAVEFORM 1 ¢

dloff) H 14V
(See Note C) P ! 90%
10% 50%
Y-OUTPUT —— = ———Vo

VOLTAGE WAVEFORM 2 tpdion -k—)'
(See Note C)

NOTES: A. t4(off) = tPLH. td(on) = tPHL-
B. Cy includes probe and jig capacitance.
C. Waveform 1 is for an output with internal conditions such that the low-to-high transition of STOE causes the output to switch from on

to off. Waveform 2 is for an output with internal conditions such the low-to-high transition of SIOE causss the output to switch from
off to on.

FIGURE 6. VOLTAGE WAVEFORMS FOR TURN-OFF AND TURN-ON DELAY TIMES
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TPIC2801 :
OCTAL INTELLIGENT-POWER SWITCH

WITH SERIAL INPUT
TYPICAL APPLICATION DATA
L
Vee Yo . 14 +05v
SIOE
si
MICRO-
CONTROLLER so|  TPIc2801
WITH BUS

SCLK

RST

_GND

Vee = 5V £ 5%
R=300z5%

L=10mH = 10%

8 LOADS UP TO 0.5 A EACH

FIGURE 7. MICROCONTROLLER DRIVING EIGHT LOADS USING A TPIC2801 FOR LOAD INTERFACE
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

D2624, DECEMBER 1976--REVISED SEPTEMBER 19B6

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

® 500-mA Rated Collector Current D OR N PACKAGE
{Single Output) (TOP VIEW)
High-Voltage Outputs . . . 50 V 18 Usllic

2802 1s[J2C

Output Clamp Diodes 38 [ 1af]3c

® Inputs Compatible With Various Types of ag[Ja 13[d4C
Logic 5B [1s 12[]8C
. o 6B(J6  wijJ6C
. —
Relay Driver Applications 780 176
Designed to Be Interchangeable With E(ls g[ |COM

Sprague ULN2001A Series

description

The ULN2001A, ULN2002A, ULN2003A, ULN2004A, and ULN2005A are monolithic high-voltage, high-
current Darlington transistor arrays. Each consists of seven n-p-n Darlington pairs that feature high-voltage
outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating
of a single Darlington pair is 500 mA. The Darlington pairs may be paralleled for higher current capability.
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge),
line drivers, and logic buffers. For 100-V (otherwise interchangeable) versions, see the SN75465 through
SN75469.

The ULN2001A is a general-purpose array and may be used with TTL, P-MOS, CMOS, and other MOS
technologies. The ULN2002A is specifically designed for use with 14-to 25-V P-MOS devices. Each input
of this device has a zener diode and resistor in series to control the input current to a safe limit. The
ULN2003A has a 2.7-kQ series base resistor for each Darlington pair for operation directly with TTL or
5-V CMOS devices. The ULN2004A has a 10.5-kQ series base resistor to allow its operation directly from
CMOS or P-MOS devices that use supply voltages of 6 to 15 V. The required input current of the ULN2004A
is below that of the ULN2003A, and the required voltage is less than that required by the ULN2002A.
The ULN20OBA has a 1050-Q series base resistor and is specifically designed for use with TTL devices
where higher output current is required and loading of the driving source is not a concern.

logic symbolt logic diagram
9}
CLAMP o) CcDM p——— COM
(1} Dc {16}
1B L 2 1c
4} {16}
1B > ¢ ) 1c |
{15
28 2 o 2 e 2 {>o (s .
3 2 LIRS d
b
4 4 AL l—ﬂ-«
(5} (12) . (3) (14} ac
58 > 5C ¢
68 (6) 1 ((11) 6C s .
78 (7} 10) 7¢ 4B (4) ac
b
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and () I l 12)
IEC Publication 617-12. 5B Dc 5C
l—»"'
- (6) % Iy (i) 6C
10
78 A2 Do . a0 e
-l MON % * :ocuments contain information Copyright © 1986, Texas Instruments Incorporated
* soff - ion date. Praducts canform to b
gk ....uans - '-, ;m}s of Texas |nsl‘;umantst TE XAS
roduction pi oes no
nacessarily include testing of all parametars. INSTRUM ENTS
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

schematics {each Darlington pair)

coM com
7V
OUTPUT C _4% OUTPUT C
1

INPUT B INPUT B 10.5 kQ

7.2 k0
72k0 3kO | £ 3kQ ¢ E
L ¢
Vred d7
ULN2001A ULN2002A
com
Rg OUTPUT C

INPUT B

ULN2003A: Rg = 2.7 k1
ULN2004A: Rg = 10.5 k{2
ULN200SA: Rg = 1.05 k(!

7.2 k8 3k g

e

ULN2003A, ULN2004A, ULN2005A

All resistor values shown are nominal.

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

Collector-emitter voltage . . ... . ... it it e O 50 V
Input voltage (see Note 1): ULN2002A, ULN2003A ULN2004A . .. ... i i e e 0V

ULNZ200BA .« . .t e e e 15V
Peak collector current {see Figures 14 and 15} . ... ... .. .. .. .. .. . . i, 500 mA
Output clamp diode CUITENT . . . . . .. et e e 500 mA
Total emitter-terminal cUrrent . . . . .. ... . . e e -25A
Continuous total power dissipation . . ........... .. ... ... .. See Dlssmatlon Rating Table
Operating free-air temperature range . .. ... .. ... .. i i e —20°C to 85°C
Storage temperature range . .. . ... ... e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... ................. 260°C

NOTE 1: All voltage values are with respect to the emitter/substrate terminal, E, unless otherwise noted.

DISSIPATION RATING TABLE

PACKAGE TA = 25°C DERATING FACTOR Tp = 85°C
POWER RATING ABOVE Tp = 25°C  POWER RATING
D 950 mW 7.6 mW/°C 494 mW
N 1150 mW 9.2 mW/°C 598 mW

{ip
Trxas
INSTRI MENTS

4-156 POST OFFICE BOX 655303 « DALLAS, TEXAS 75266



ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

TEST ULN2001A ULN2002A
PARAMETE! TEST CONDITIONS UNIT
R FIGURE ON MIN TYP MAX | MIN TYP MAX
1 Ve =560V, | =0 50 50
\CEX Collector cutoff current Ve =80V, [l =0 100 100 uA
2 Ta = 70°C |V =6V 500
Vi =50V, Ic = 500 uA,
lifoffy  Off-state input current 3 T:E= 20°C ¢ #A 50 65 50 65 A
] Input current 4 Vi=17V 0.82 1.25 mA
Static forward current
h 5 Veg = 2V, I¢c = 3560 mA} 1000
FE transfer ratio CE c
Vijon) _ On-state input voltage 6 Vg =2V, I¢ mA 13 \
. | = 280 4A, g = nA 09 1.1 09 1.1
Collector-emitter — -
VCE(sat) g1, ration voltage 5 = 4 e = A 113 113 v
9 = A lg= + =A 12 16 12 16
VR = 50 V 50 &N
\ ; -
IR Clamp diode reverse current 7 VR =50V, Ta = 70°C 700 pA
VE Clamp diode forward voltage 8 Ig = 350 mA 1.7 2 1.7 - \
Ci Input capacitance V) =0, f=1MHz 15 25 15 25 pF
electrical characteristics at 25°C free-air temperature (unless otherwise noted)
TEST ULN2003A LILN2004A
PARAMETER TEST CONDITIONS T
FIGURE T MIN  TYP MAX | Mil. TYP MAX UN
1 VCg =50V, Ij =0 50 by
ICEX Collector cutoff current VCE =80V, [ =0 100 100 uh
2 |Ta=70°C [Vj=1V
. Vge = 60V, Ig = 500 uA,
| Off-stat t t 3 5
1(off) state input curren Ta = 70°C 0 65 50 65 A
V| =385V 0.93 1.35
1] Input current 4 Vi=58V 0.35 0.5 mA
Vi =12V 1 1.45
Ic = 1256 mA 5
ic = 200 mA 2.4 6
) Ic = nA 2.7
A On-staty t volt: 6 Vg =2V -- \
lton} n-state input voltage CE o= . A 7
Ic = 300 mA 3
Ic = mA 8
Collector-mitter | = 260 4A, g = ivumA 09 1.1 09 1.1
VCE(sat) R 5 if = 350 pA, Ig = 200 mA 1 1.3 1 1.3 A
saturation voltage
|| = 500 4A, Ic = nA 1.2 1.6 1.2 1.8
VR = 50V 5 Ll
IR Clamp diode reverse current 7 R 0 —_ uA
VR - 50V, Tp = 70°C 100 .
VE Clamp diode forward voltage 8 I = mA 1.7 2 1.7 - \
Ci Input capacitance Vi =0, f=1MHz 15 25 15 25, pF
i
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ULN2001A THRU ULN2005A

DARLINGTON TRANSISTOR ARRAYS

electrical characteristics at 25 °C free-air temperature {unless otherwise noted)

TEST ULNSNLA
DI - UN
PARAMETER FIGURE TEST CONDITIONS MIN Fve  MAX IT
1 Collector cutoff current Veg =50V, h=0 = A
CEX or edto VCE =560V, || =0, Ta = 705C ol
li{off) Off-state input current 3 Veg = 60V, Ic = 500 pA, Ta = 70°C 50 65 A
Iy Input current 4 V=3V 1.6 2.4 mA
Viton)  On-state input voltage 6 Veg = 2V, Ig = 360 mA 2.4 \
Collector-emitter I} = 260 A, Ic = Tuv mMA 0.9 1.1
VCE(sat) saturatimn voitage 5 == A Ic=. _mnA 113 \
© g = A, g = ~ 1A 1.2 1.6
! Cl. dioda S ent 7 VR =50V 50 A
a n
R amp dioda reversa curr VR =50V, Ta = 70°C 100 i
Ct iod
VE amp diods forward 8 iF = 350 mA 7 2| v
voltage
Ci Input capacitance Vi =0, f =1 MHz 15 25 pF
switching characteristics at 25 °C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
tpLH Propagat!on delay t,me, I?w—to—hlgh-level output Seo Figure 9 0.26 1 us
tPHL Propagation delay time, high-to-low-level output 0.25 1 1S
) o Vg = B0V, lg = 300 mA,
A h-fevel t vol f tch Vg-20 Y
OH High-level output voltage after switching Ses Figure 10 S m
i
Texas b
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

OPEN VeE OPEN VCE
ICEX ICEX
OPEN V)
FIGURE 1. lgex FIGURE 2. Icgx
OPEN VCE oPEN
be
{off) {on)
2 OPEN
FIGURE 3. 1)(off) FIGURE 4. |

OPEN OPEN

..1% H ! %1.0 7l % L

NOTE: Iy is fixed for measuring VCE (sat). variable for measuring hrpg.

FIGURE 5. hgg, VCE(sat) FIGURE 6. V)(on}
VR o
" i
) VTF "F
OPEN OPEN l
FIGURE 7. IR FIGURE 8. VF
{
TeExas b
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT 50% 0%
I |
. l

|
[
1

N—tPHL~>| ‘PLH—#

oUTPUT \ 50% _,()%7Z

VOLTAGE WAVEFORMS

FIGURE 9. PROPAGATION DELAY TIMES

Vs

INPUT
ULNZ2001A only

27k 07T
A

2mH

PULSE

GENERATOR [—®-———-—
{See Note A) ULN2002A

ULN2003A
ULN2004A =
ULN2005A

ouTPUT

CL=15pF
A (See Note B)

TEST CIRCUIT

INPUT {See Note C}
ov

VoH
ouTPUT

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Z = 50 Q.

B. CL includes probe and jig capacitance.
C. For testing the ULN2001A, ULN2003A, and the ULN2005A, V|4 = 3 V; for the ULN2002A, V|4 = 13 V; for the ULN2004A,

ViH = 8 V.
FIGURE 10. LATCH-UP TEST

{i’
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER COLLECTOR EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
Vs v COLLECTOR CURRENT
COLLECTOR CURRENT COLLECTOR CURRENT vs
{ONE DARLINGTON} {TWO DARLINGTDNS PARALLELED) INPUT CURRENT
> > X 0
A 1 25 T 0k
= Ta =25°C i —Ta=25"C T EEA 4501, = 28°C
S S y < [ /]
z 20 > 20 } < 400 |
] Jl1=2504A § 1y = 350 wA~ /] T Vg=10V
H it g g 350
Au-seua | S f [/ vs=sv
3 18 (A -B00a — 5 15 > = 3 /
2 ] e 5 20
Z E | =" -s00ua | § /
g g 5 10 3 200 /
g . -] 1
g o 150
3 05( % 05 100
T g ¢
:é_ ‘E 50
S o g 9 0
> 0 100 200 300 400 500 600 700 800 S O 100 200 300 400 500 600 700 800 0 26 50 75 100 1256 150 176 200
Ic—Collector Current—mA IC(tot)—Total Collector Current—mA fj—input Current—pA
FIGURE 11 FIGURE 12 FIGURE 13
THERMAL INFORMATION
D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs Vs
DUTY CYCLE DUTY CYCLE
600 600
< <
E E
{ 500 = 500 . ~
£ N\ \ £ \ N NN
5] @ 7
g —1N\ \ \ & &~ E 400 \ A\ \
S 400 \\ \ N 7 [3] \\\ < v
-] [~~~ 5 ~
£ 300 AN Vs 5 2 300 SN S
S
S \&\\Q’\\ 8 N - u_/§§§ M
i
£ No= 6 PRIN TN 3 [~ 5 200 —N = 7= VS T
g 200 — VL <] ~ Z SN s ~a
RS AN a N Sy e I
= It = ——
| 100 Ty = 85°C f e | 100{Tp = 85°C
L N = Number of Outputs R L N = Number of Outputs
0 Conducting Simultaneously Conducting Simultaneously
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle—% Duty Cycle—%
FIGURE 14 FIGURE 15

{ip
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

APPLICATION INFORMATION

ULN2003A
Vss ULN2002A Y vee ULN2005A y
~ - s T
—DO_L*_‘ & ~ ——«| >o- 1 P 3
—DG_T—N— 3 w ——{>° 1 =
_‘DGT_N_‘ = - -—.{ >o- LN—_‘ Py
_Dc - = » —Dc—T 7 =
‘] :j —Do—T_N—- = - ——Dc 1 [ =
P-MOS ! z =1 I 2
OUTPUT *—77 » @ — o —/_}7 Ll @
i3 _L LAMP
m L g Test
OUTPUT
P-MOS TO LOAD TTL TO LOAD
Vpbp ULN2004A WV Vce ULNZ2003A vV
& - PhDoT P
. = 3 ~ ——Dc T 7 -
_{>c = w .._D% 3
] e ,
o1z S R
—> —3 o Peg—"1—=
— —DQ_T_.N7 = - % =
- L b
{ > 3 d ~ > s
— I e - I b=
L L
s :
BUFFER FOR USE OF PULL-UP RESISTORS
HIGHER CURRENT LOADS TO INCREASE DRIVE CURRENT
*i’
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ULN2064, ULN2065, ULN2066, ULN2067
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

absolute maximum ratings at 25 °C free-air temperature for each switch (unless otherwise noted)
Wi | Ul ULN2066 UNIT

Collector-emitter voltage v ou 50 v A
Input voitage (see Note 1) 15 16 30 30 \
Peak collector current {see Figures 12, 13, and 14} 1.5 1.6 1.5 1.5 A
Input current 25 25 25 25 mA
Total dissipati t (or bel 25°

ota .power issipation at (or below) C 2075 2075 2076 2076 W
free-air temperature (sae Note 2)
Operating free-air temperature range —20 to 85 —20 to 85 —20 10 AR ~20to 85 °C
Storage temperature range ~-565 to 150 —-55 to 150 -55to —-55 10 150 °C
Lead t erat 1,6 mm (1/16 inch

eac lemporatre 1718 inch) 260 260 260 260 oc
from the case for 10 seconds

NOTES:

1. All voltage vaiues {uniess otherwise noted) are with respect to the emitter/substrate terminal E.

2. For operation above 25 °C free-air temperature, derate total power linearly to 1079 mW at 85 °C at the rate of 16.6 mW/°C.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

TEST ULN2064 | ULN2065 | ULN2066 | ULN2067
PARAMETER FIGURE TEST CONDITIONS MIN MAX | MIN MAX | MiN MAX | MIN MAX UNIT
Collector
VCEX(sug) Sustaining 1 Vi=04V, Ic=100mA|l 35 50 35 50 v
voltage -
VCE = 50 V 100 100
Coliector output Vgg = 50V, Tp = 70°C 500 500
IcEX 2 pA
cutoff current Vcg = 80V 100 100
Veg = 80V, Tp = 70°C 500 500
Vi =24V 1.4 43|14 43
On-state Vi =375V 3.3 96|33 9.6
liton) . 3 — mA
input current Vi=5V 0.6 1.8| 06 1.8
V=12V 1.7 5.21 1.7 5.2
On-state VeE=2V, Ic=1A 2 2 6.5 6.5
Vienl jput voltage # |vee=2V. dc=15A 2.5 2.5 10 w| ¥
See Note 3
lj = 625 pA, Ic = 500 mA 1.1 1.1 1.1 1.1
lj = 935 yA, Ic = 750 mA 1.2 1.2 1.2 1.2
i = 1.26mA, ic = 1A 1.3 1.3 1.3 1.3
VeE(sat Collector-emitter 5 = 2 mA, ic = 1.25 A, v
saturation voltage 1.4 1.4
See Note 3
| = 226 mA, Ic = 1.5 A, 5 15
See Note 3
T VR = 50 V 50 50
R Clamp-diode 6 VR =60V, Tp =70°C 100 100 A
reverse current VR = 80V 50 50
VR =80V, Tp=70°C 100 100
VE Clamp-diode 7 IF=1A 1.76 1.75 1.75 1.7% v
forward voltage I =1.5A, Ses Note 3 2 2 2 2

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, duty cycle < 10%.
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ULN2064, ULN2065, ULN2066, ULN2067
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

switching characteristics at 25°C free-air temperature, V¢ = 5V

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
1] P i time, low-to-high-level output 1
PLH ropagat!on delay !me O‘W o-high-level outpu See Figure 8 us
tPHL Propagation delay time, high-to-low-level output 1.5 ns

PARAMETER MEASUREMENT INFORMATION

OPEN

VCEX(sus) TIC

FIGURE 1. VCEX({sus)

OPEN

FIGURE 3. Ij(on)

OPEN

Vcls:m T'c

FIGURE 5. VCE(sat)

OPEN VcE

Icex
OPEN ¢

FIGURE 2. ICEX

W—
k._
|
i
i

FIGURE 4. V|(on)

Vg
$F
OPEN‘{>—f1

FIGURE 6. IR

TEXAS {?

INSTRUMENTS

POST OFFICE BOX 855303 + DALLAS, TEXAS 75285

4-165



ULN2064, ULN2065, ULN2066, ULN2067
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

PARAMETER MEASUREMENT INFORMATION

FIGURE 7. Vg
p— 35 V ———=Viy
CLAMP (See Note C)
J8 INPUT
2680, 2W
i ov
- OUTPUT PHL —t r— -l PLH
GENERATOR : l/ CL=15pF Vo
{See Note A} $500

(See Note B} OUTPUT
0——,]\

NOTES: A. Theinput pulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%,Z, = 50 Q.
B. C| includes all probe and stray capacitance.
C. Vi = 2.5 V for ULN2064 and ULN2065. Viy = 10 V for ULN2065 and ULN2067.

FIGURE 8. SWITCHING TIMES

ELECTRICAL CHARACTERISTICS
COLLECTOR CURRENT

Vs
BASE CURRENT
S e T T [UIN2065

VCE = VCE(sat) !

T = 25°C ULN2067

Duty Cycle = 90% 7
« /U}IIZOG‘L
| ULN2066
£ 1.0
°
3
= /
) &7
Q .
s -
S o5 <
1 4
o /

74
0
0 0.5 1 1.5 2 2.5

Ig—Base Current—mA

FIGURE 9

Trxas ”
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ULN2064, ULN2065, ULN2066, ULN2067
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

Ic —Maximum Collector Current— A

THERMAL INFORMATION

MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs Vs
DUTY CYCLE DUTY CYCLE
2.0 Ta = 25°C 2.0 Ta = 50°C
N = Number of Cutputs N = Number of Outputs
Conducting Simultaneous}y ‘f Conducting Simultaneously
£ |
1.5 < VAN 5 15 1
> 2
\ 7 8] /t%
\ 8 N 7"’4
N 3 N N
1.0 1 N Z 1.0 N,
\\l\ 2 o \ \\ »§\
S N3 ] E \\ 2~
N - g ™~ E 4/\*13\.
0.5 o e g o5 AN [~
. EI . 9 \.\
°
0 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle —% Duty Cycle—%
FIGURE 10 FIGURE 11
MAXIMUM COLLECTOR CURRENT
VS
DUTY CYCLE
20 - Fooc '
N = Number of Outputs
‘f Conducting Simultaneously
§ 15
5
°© \ \\ J N
2 SN
23 \ Sy
Z 1.0 ™~
(3]
g \‘ Lﬂl\J\
E < T
£ NS - ~
. S os ]
. -

4]
0 10 20 30 40 50 60 70 80 90 100
Duty Cycle —%

FIGURE 12
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ULN2064, ULN2065, ULN2066, ULN2067
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

APPLICATION INFORMATION
Vee * * ’

16
15
14—
ULN2066 13
ULN2067 }1
12 L
11—

10
9

TMS1000

indl

—

W N G B wWw N =

FIGURE 13. RELAY DRIVER INTERFACE
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ULN2068, ULN2069

QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

D2579, MAY 1980 —REVISED SEPTEMBER 1986

Output Collector Current . . . 1.5 A Max
2-W Dissipation Rating

High Output-Voltage Capability

Preamp for High Current Gain

Outputs Diode-Clamped for Inductive Loads
Common-Emitter Circuit for Current Sink
Inputs Compatible With TTL and 5-V CMOS

Designed for Interchangeability With
Sprague ULN2068 and ULN2069

description

The ULN2068 and ULN2069 are monolithic
integrated circuits each consisting of four high-
voltage, high-current n-p-n cascaded transistor
switches. Each switch includes a first stage
compatible with both TTL and 5-V CMOS signal
levels. The second and third stages form
uncommitted-collector outputs with common-
cathode clamp diodes for switching inductive
loads.

The ULN2068 and ULN2069 can sink up to
1.5 A per switch. Applications include logic
buffers, MOS drivers, memory drivers, line
drivers, relay drivers, hammer drivers, lamp
drivers, and display drivers (LED and gas
discharge).

The ULN2068 and ULN2069 are characterized
for operation from —20°C to 85°C.

logic symbolt.

(1

CLAMP

CLAMP )¢\ pmp
I > o2
T L 8)
38(11) . (10 ac
18! L (18] 0

NE PACKAGE
(TOP VIEW)}
ceameds Uis4ac
1cz  1s[J48
1Bs 14 :] vee
HEAT SINK, E, § [Ja  13[] | HEAT SINK, E,
AND SUBSTRATE{ (s P } AND SUBSTRATE
28(le 11038
ncl7  wo[d3c
2c0s___ s{JcLame

NC —No internal connection
schematic (each switch)

Vee

200

INPUT 25kn
B8

3

<
7.2k0 8
<

cLamp

| OUTPUT
®- c

T

AAA ®-

3kn

Resistor values shown are nominal.

logic diagram (positive logic)

0 o amp

lb——(ﬂ CLAMP

2) 0

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

IEC Publication 617-12.

T 8
282 2c
'
(10)
35& ———3C
1
AL (16) 4
<
I [T (LPN [RE
Ve

E E E E

PRODUCTION DATA documents contain information
current as of publication date. Preducts conform to
specifications par the terms of Texas Instrumants
standard warranlJ. Production procassing does not
necessarily include testing of ell parameters.
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ULN2068, ULN2069
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

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

Uifenes Ut e 1 q: 1 __
Collector-emitter voltage ou ouv v
Supply voltage, Ve (see Note 1} 10 10 v
Input voitage 15 15 v
Peak collector current (see Figures 10, 11, and 12) 1.5 1.5 A
Total power dissipation at {or below) 25°C free-air temperature {see Note 2) 2075 2075 mw
Operating free-air temperature range —-20to 85 ~20 to R~ °C
Storage temperature range ~551t0 150 | —55to © °C
Lead temperature 1,6 mm {1/16 inch) from the case for 10 seconds 260 260 °C

NOTES: 1. All voliage values {unless otherwise noted) are with respect to the emitter/substrate terminal E.
2, For operation above 25 °C free-air temperature, derate total power linearly to 1079 mW at 85 °C at the rate of 16.6 mW/°C.

electrical characteristics at 25 °C free-air temperature, VGG = 5 V (unless otherwise noted)

TEST ULN2068 ULN2069
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN  MAX MIN  MAX
VCEX(sus) Collector sustaining voltage 1 V=04V, Ic=100mA 35 50 Y
Vcg = 50 V 100
VCe = 50V, Tp = 70°C 500
| Collector output cutoff current 2 A
CEX P VCE = 80V 00| *
Vcg = 80V, Tp = 70°C
V=24V
on) On-state input current 3 V: 375V A
) VCE =2V, Ic = 1.5A4,
V| On-stat t volt 4 . .
I{on) n-state input voltage Ses Note 3 2.4 241V
Vi=24V, Ic = 600 mA 11 11
Vi =24V, Ic = 750 mA 1.2 1.2
Vi =24V, Ic=1A 1.3 1.
v Collector-emitter 5 VI Toav Ic 35 A 3 v o
CEsat)  capuration voltage p=sav, e =1 ’ 1.4
See Note 3
Vi =24V, Ic = 1.5A, 15
Sea Note 3 )
VR = 50V 50
VR =50V, Ta = 70° 100
R ° Clamp-diode reverse current 6 V2 Ty A ¢ 50 A
VR =80V, Tp =70°C 100
v Clamp-diode forward voltage 7 F=14 178 LA I
amp- ard volta
F i 9 IF = 1.5V, See Note 3 2 2
Supply current
1 8 Vi =24V, Ic = 500 mA 6 6 A
cc {only one switch conducting) ' v c ™ m

NOTE 3: These parameters must be measured on one output at a time using pulse techniques, tw = 10 ms, duty cycle < 10%.

switching characteristics at 25°C free-air temperature, Vgg = 5V

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT ]
t P ti ime, -to-high-level output 1
PLH ropaga !on delay tfme Io.w to-high-level outpu See Figure 9 s 7
tpHL Propagation delay time, high-to-low-level output 1.5 pus ,

i
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ULN2068, ULN2069

QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

PARAMETER MEASUREMENT INFORMATION

Vee  opEN

VCEISUS) T,C

FIGURE 1. VCEX(sus)

Vee OPEN

{on)
Vi OPEN

FIGURE 3. Ij{on)

Vee OPEN

hy T Vcl(_sat) TIC

FIGURE 5. VCE(sat)

as

FIGURE 7. VE

i‘F

Vee  oPEN VcE
IcCEX
OPEN
FIGURE 2. ICEX
Vee OPEN
l Vi{on) VCE TIC

FIGURE 4. V|(gn)

VR
$"
OPEN‘—‘>i‘L

FIGURE 6. IR

Icc OPEN

-

FIGURE 8. Icc

e

i
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ULN2068, ULN2069
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

GENERATOR
(See Note A)

PARAMETER MEASUREMENT INFORMATION

Vee

>
3500

L

3

TEST CIRCUIT

CLAMP

]. {See NoteB) OUTPUT

‘)
3680, 2wW

p—35V

L— QUTPUT

CL=15pF

VOLTAGE WAVEFORMS

NOTES: A. Theinputpulse is supplied by a generator having the following characteristics: PRR = 50 kHz, duty cycle = 10%, Zy =50Q.
B. Cy includes all probe and stray capacitance.

FIGURE 9. SWITCHING TIMES

MAXIMUM COLLECTOR CURRENT

THERMAL INFORMATION

MAXIMUM COLLECTOR CURRENT

MAXIMUM COLLECTOR CURRENT

s vs vs
DUTY CYCLE DUTY CYCLF DUTY CYCLE
20 — 20 S — 20 T
Ta 25°C I [ TA-50 C | | ' A0 C ] ‘ ]
< I-N = Number of Qutputs —} « |- N = Number of Outputs —4 < N = Number of Outputs —
L C ! Conducting Simultaneously . Conducting Simultaneously
§ 15 £ 15 g s
£ £ E
3 N i - P 8 WNLEN
5 5 D 8 UN
£ 4, \ N L \\ i 1.0 ™
8 2 8 N ko N
3 N ™ € N Y3 £ N
5 5 !
AN T v £

N N : NS T
2 o0s £ 05 . 2 o - ]
[ . | | ]
L L | 2 ]

0 0 | ) 1

0 10 20 30 40 S0 80 70 80 60 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 90 90 100
Duty Cycle - % Duty Cucl+ Duty Cycle - %
FIGURE 10 FIGURE 11 FIGURE 12
EXAS bl
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ULN2068, ULN2069
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

APPLICATION INFORMATION

<
T
p
)

Vee=5V

i — 1 16

2 15
3 -

l ULN2068
{ 4 ULnzose 13 3
L 5 12 1
TMS 1000

6 11—

7 10

8 9

FIGURE 13. RELAY DRIVER INTERFACE
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ULN2074, ULN2075
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

D2580, MAY 1980—REVISED SEPTEMBER 1986

Output Collector Current . . . 1.5 A Max
2-W Dissipation Rating

High OQutput-Voltage Capability

Output Sink- or Source-Current Capabilities
Input Compatible with TTL or 5-V CMOS

Designed for Interchangeability with
Sprague ULN2074 and ULN2075

description

The ULN2074 and ULN2075 are monolithic,
quadruple, high-voltage, high-current n-p-n
darlington-transistor amplifier devices. They
feature high-voltage outputs with collector-
current ratings of 1.5 A for each Darlington pair.

The ULN2074 and ULN2075 are unique general-
purpose devices, each featuring uncommitted
collectors and emitters to allow for either sinking
or sourcing the output current. These devices
offer the system designer the flexibility of
tailoring the circuit to the application. Typical
applications include logic buffers, relay drivers,
lamp drivers, and hammer drivers.

For proper operation, the substrate must be
connected to the most negative voltage.

The ULN2074 and ULN2075 are characterized
for operation from -20°C to 85°C.

logic symbolt

> 1) e
8 {

@

(8)
(6) ——— 2C

2B——— (7
——— 2F

(9
3B(11) B3¢
—(10)3E

16
AL AL
{15) .

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

IEC Publication 617-12.
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ULN2074, ULN2075
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

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

ULN2074 ULN2075 UNIT
Collector-emitter voltage 50 80 \
input voitage with respect to substrate 30 60 \4
Peak coliector current {see Figures 9, 10, and 11} 1.5 1.5 A
Input current 25 25 mA
Total power dissipation at (or beiow) 25 °C free-air temperature {see Note 1) 2075 2075 mwW
Operating free-air temperature range —20 to RR - 20 to RR °C
Storage tempereture range -55 to —B5 +~ - - °C
Lead temparature 1,6 mm {1/16 inch) from the case for 10 seconds 260 Zuu °C

NOTE 1: For operation above 25°C free-air temperature, derate total power linearly to 1079 mW at B5°C at the rate of 16.6 mW/°C.

elactrical characteristics at 25 °C free-air temperature (unless otherwise noted)

PARAMETER TEST TEST CONDITIONS ) ‘_-"1074 ULN2075 3 \r
FIGURE MIN  MAX MIN  MAX
VCEX({sus) Collector sustaining voltage 1 Vi =04V, ic.= 100 mA 35 50 \2
Veg = 50V :
= Z 70°
ICEX Collector output cutoff current 2 XEE : :g :' Ta = 70°C T00 #A
Veg = BOV, Ta = 70°C 500
Nton) On-state input current 3 Vi=24V 2 43 2 431 A
Vi =375V 4.5 9.6 4.5 9.6
Veg = 2V, Ic=1A 2 2
Vi{on) On-state input voitage 4 Veg =2V, Ic = 1.5 A, 25 25 \%
See ", 2
If = *. A, Ic = 500 mA 1.1 1.1
4 = 935 4A, I = 750 mA 1.2 1.2
I =1.25mA, ic=1A 1.3 1.3
VeE(sat) Collector-emitter 5 I: A lg — T v
saturation voltage 1.4
See Note 2
I = 226 mA, ic = 1.5A, 15
See Note 2 )

NOTE 2: These parameters must be measured on one output at a time using pulse techniques, t,, = 10 ms, duty cycle < 10%.

switching characteristics at 25°C free-air temperature, VgC = 5V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tPLH Propagation delay tima, Io.w-to—highAIevel output Ses Figure 6 1 us
tPHL Propagation delay time, high-to-low-lavel output 1.5 us

Trxas
INSTRUMENTS
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ULN2074, ULN2075
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

PARAMETER MEASUREMENT INFORMATION

VCE
Vi
*cex
VCEl((susl TIC OPEN
FIGURE 1. VCEX(sus) FIGURE 2. ICEX
lifon)
V| OPEN T
FIGURE 3. lj(on) FIGURE 4. Vj(on)
I VCE(sat) TIC
FIGURE 5. VCE(sat)
35V
68 0, 2W
|
OUTPUT PHL— r' et
GENERATOR S50 0 I/ OUTPUT | ! oH
(See Note A) > Cp = 15pF 50% 50%
(See Note B)
_‘.___—”\ — — —VoL
TEST CIRCUITS VOLTAGE WAVEFORMS

NOTES: A. Theinput pulse is supplied by a generator having the following charactenstics: PRR = 50 kHz, duty cycle = 10%, Z, =504Q.
B. Cp includes all probe and stray capacitance.

FIGURE 6. SWITCHING CHARACTERISTICS

{iP
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ULN2074, ULN2075

QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

ELECTRICAL CHARACTERISTICS

INPUT CURRENT

Vs

INPUT VOLTAGE

4-178

14 I
Tp = 25°C /
12 |— No Load
See Figure 3 /
<10 /
: s/
= >
s 8 S
5 ¥/
o 6 @/
2 / L
£ V
| 4 V‘\\)
- / ﬁ\\$\ e
2 ///
/
0
0 1 2 3 5
Vi—Input Voltage—V
FIGURE 7
COLLECTOR CURRENT
vs
BASE CURRENT
1.5 ——————
VCE = VCE(sat)
Ta = 25°C
Duty Cycle = 90% al
< ﬁ
[
g 1.0
3 ULN2074 IS
5 A—CHARACTERIZED ONLY
g / UP TO THIS POINT
<‘!3 0.5 V/
2 L/
0
0 0.5 1 1.5 2 2.5
Ig—Base Current—mA
FIGURE 8
i
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ULN2074, ULN2075
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

THERMAL INFORMATION

MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs vs
DUTY CYCLE DUTY CYCLE
20— T 1T T T T 2071 T 1T T T T 1
Ta = 256°C Ta = 50°C
| N = Number of Outputs - N = Number of Outputs
‘lf Conducting Simultaneously ‘f Conducting Simultaneously
- - |
§ 1.6 AV 4/K 5 1.5 AV »}\
5 \ 7 5 \ N
© o S 7 I
5 \ (4 ] \ \
2 & 2
810 ,,,\\t’ 810 NN 4/~\e\\
] o
© m} — ™~ © /ﬂ\}
E N I~ E N T~ —
£ 0.5 ~[ E M \\\ -
%0 30.5 ]
i :
o °
0 0
0 10 20 30 40 50 60 70 B8O 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle—% Duty Cycle— %
FIGURE 9 FIGURE 10

MAXIMUM COLLECTOR CURRENT
Vs

DUTY CYCLE
T 1 T T T 1
Ta = 70°C
- N = Number of Qutputs
Conducting Simultaneously

1.5 \ !
w

NN

2.0

A

1.0
U
N\ ‘\'\
2 N [~
0.5 e
\\.:

Ic—Maximum Collector Current— A

0
0 10 20 30 40 50 60 70 8O 90100
Duty Cycle—%

FIGURE 11
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ULN2074, ULN2075
QUADRUPLE HIGH-CURRENT DARLINGTON SWITCHES

APPLICATION INFORMATION

V+=48V
4 1 16 »
12 15
L33 14
TMS 1000 p—— 4 ULN2074, 13
&—{5 ULN2075 12
— 6 11
117 10
* 8 9 >

i}

FIGURE 12. RELAY DRIVER INTERFACE WITH EXTERNAL CLAMP DIODES
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