TECHNOLOGY

FEATURES

Efficiently Translate Voltage Levels

Internal Hysteresis for Noise Immunity

Output Latches Included

Three-State Outputs

Programmable Power/Speed

Power Can Be Completely Shut Off

+50V on Inputs with External 100k Limit Resistor
1.2us Response at 100pA Supply Current

APPLICATIONS

= TTL/CMOS to £5V Analog Switch Drive
= TTL to CMOS (3V to 15V V¢q)

= ECL to CMOS (3V to 15V V)

= Ground Isolation Buffer

= Low Power RS232 Line Receiver

| l ’ \D LTC 1045

Programmable

Micropower Hex Translator/

Receiver/Driver

DESCRIPTION

The LTC®1045is a hex level translator manufactured using
Linear Technology’s enhanced LTCMOS™ silicon gate
process. It consists of six high speed comparators with
output latches and three-state capability. Each compara-
tor'splusinputis brought out separately. The minus inputs
of comparators 1 1o 4 are tied to Vyrjp1 While 5 and 6 are
tied to Vitgpo.

The IggT pin has several functions. When taken to V* the
outputs are latched and power is completely shut off.
Power/speed can be programmed by connecting Iserto V™
through an external resistor.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
LTCMOS is a trademark of Linear Technology Corporation.

TYPICAL APPLICATION
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LTC 1045

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
Total Supply Voltage (V*, Vo to V=, VoL) oeeeeveenen. 18V
Output High Voltage (VoH) --«eeeeeeerererereeeererenencenenen. <V*
Input VOItage ......ccoceeeervececrree 18V to (V™ - 0.3V)
Output Short-Circuit Duration

(Vo =VoL S 10V) e Continuous
ESD (MIL-STD-883, Method 3015) .................... 2000V
Operating Temperature Range.................. -40°C to 85°C
Storage Temperature Range ................. -55°C to 150°C
Lead Temperature (Soldering, 10 SeC).................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW
wi] — v
N1 [2] [19] ouTt
N2 [3] 18] out2
IN3 [4] [17] ouT3
IN4 [5] [16] ouT4
IN5 [6] [15] ouTs
INe [7] [14] ouTe
vrriez (8] [13] DISABLE
Vrapr [9] [12] Iser
v~ [10} [11] VoL
JPACKAGE ~ NPACKAGE  SW PACKAGE

20-LEAD CERDIP 20-LEAD PDIP 20-LEAD SO WIDE

Tomax = 150°C, 8,4 = 70°C/W (J)
Tymax = 110°C, 84 = 90°C/W (N)
Tamax = 110°C, 84 = 90°C/ W (SW)

ORDER PART
NUMBER

LTC1045CJ
LTC1045CN
LTC1045CSW

Consult factory for Industrial and Military grade parts.

ELECTRICAL CHARACTERISTICS

V+=Vpy =5V, V~=Vq =0V, Ty =25°C, unless otherwise specified. (Note 3)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
I Input Bias Current Vo<Vt +1 nA
0.5 PA
Trip Voltage Range (Pins 8, 9) V- V-2 V
Is V*1to V= Supply Current DISABLE = V*, Rger = 10k 2.5 35 mA
45 mA
loFr V*to V- Supply Current in Shutdown DISABLE = Ige7 = V* 10 nA
1 HA
VREr Voltage on Iget (Pin 12) Rser = 10k 0.9 v
0.6 1.25 v
Vou TTL Output High Voltage lgut = —360pA, V* = 4.5V 2.4 4.4 V
VoL TTL Output Low Voltage loyt=1.6mA, V* =45V 0.2 04 V
Isink Output Short-Circuit Sink Current Vin = Vrrip = 100mV, Voyr = V* 7.5 15 mA
5.5 mA
Isource | Output Short-Circuit Source Current Vin = Vygip + 100mV, Vour =V~ 4.0 8.0 mA
3.2 mA
loz Three-State Leakage Current DISABLE = V*, VgL < Vout < Vou 0.005 PA
1 HA
Ron Output Resistance to Vou OoytO< 100pA 260 475 Q
600 Q
RoL Output Resistance to Vg OoytO< 100pA 100 180 Q
250 Q
IseT Voltage for Shutdown V*+-05 v

DISABLE Input Logic Levels
Viy V*t=45V,V-=0V 2.0 V
ViL V*+=55V,V==0V 0.8 Vv
Input Supply Differential 45 15 V

(V*-V-) (Note 3)

Output Supply Differential 3 15 v

(Vou — Vo) (Note 3)
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LTC 1045

AC ELECTRICAL CHARACTERISTICS

V*=Vgy =5V, V" =Vq =0V, Ty =25°C, unless otherwise specified.

SYMBOL| PARAMETER CONDITIONS MIN TYP MAX UNITS
tq Response Time Test Circuit Figure 1 250 ns
Rset = 10k, £100mV Drive o 350 ns
tsetyp | Time Before Rising Edge of Iggt that Test Circuit Figure 2 80 ns
Data Must Be Present
tHoLD Time After Rising Edge of Iget that Test Circuit Figure 2 0 ns
Data Must Be Present
tace Falling Edge of DISABLE to Logic Test Circuit Figure 3 165 ns
Level (from Hi-Z State)
ti, ton | Rising Edge of DISABLE to Hi-Z State Test Circuit Figure 3 200 ns

The o denotes specifications which apply over the full operating
temperature range.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of the device may be impaired.

Note 2: The maximum differential voltage between any two power pins
(V*, V7, Voy and Vo) must not exceed 18V. The maximum recommended
operating differential is 15V.

Note 3: During operation near the maximum supply voltage limit, care
should be taken to avoid or suppress power supply turn-on and turn-off
transients, power supply ripple or ground noise; any of these conditions
must not cause a supply differential to exceed the absolute maximum
rating.

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1045

PIN FUNCTIONS
Voy (Pin 1): High Level to which the Output Switches.

IN1 to IN7 (Pins 2 to 7): Six Comparator Inputs; Voltage
Range=V~to V™~ + 18V.

Virip2 (Pin 8): Trip Point for Last Two Comparators
(Inputs 5,6); Voltage Range =V~to V* -2V.

Virip1 (Pin 9): Trip Point for First Four Comparators
(Inputs 1 to 4); Voltage Range =V~ to V*-2V.

V'~ (Pin 10): Comparator Negative Supply.

VoL (Pin 11): Low Level to which the Output Switches.

Iser (Pin 12): This has three functions: 1) Rggt from this
pinto V™ sets bias current, 2) when forced to V+ power is
shut off completely and 3) when forced to V* outputs are
latched.

DISABLE (Pin 13): When high, outputs are Hi-Z.
0UT6 to OUT1 (Pins 14 to 19): Six Driver Outputs.
V* (Pin 20): Comparator Positive Supply.

TEST CIRCUITS
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Figure 1. Response Time Test Circuit
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Figure 2. Latch Test Circuit
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Figure 3. Three-State Output Test Circuit
Conditions: V*=Vgy =5V, V~=Vg =0V
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LTC 1045

BLOCK DIRGRAM
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LTC 1045

APPLICATIONS INFORMATION

The LTC1045 consists of six voltage translators and
associated control circuitry (see Block Diagram). Each
translator has a linear comparator input stage with the
positive input brought out separately. The negative inputs
of the first four comparators are tied in common to Vygr|p4
and the negative inputs of the last two comparators are
tied in common to Viygjpo. With these inputs the switching
point of the comparators can be set anywhere within the
common mode range of V™ to V+-2V. To improve noise
immunity each comparator has a small built-in hysteresis.
Hysteresis varies with bias current from 7mV at low bias
current to 20mV at high bias current (see typical curve of
Hysteresis vs RggT).

Setting the Bias Current

Unlike CMOS logic, any linear CMQOS circuit must draw
some quiescent current. The bias generator (Block Dia-
gram) allows the quiescent current of the comparators to
be varied. Bias current is programmed with an external
resistor (see typical curve of 1* vs Rget). As the bias
current is decreased, the LTC1045 slows down (see
typical curve of Delay Time vs Rggt).

Shutting Power Off and Latching the Outputs

In addition to setting the bias current, the Iggt pin shuts
power completely off and latches the translator outputs.
To do this, the Iget pin must be forced to V* - 0.5V. As
shown in Figure 4, a CMOS gate or a TTL gate with a
resistor pull-up does this quite nicely. Even though power

V+

4.5V T0 15V Vi
20 o0 45VT05.5V
LTC1045 LTC1045 100k
12 12
|ﬂ | |£ |
X o
(A) CMOS (B) TTL Sy

Figure 4. Driving the Iggr Pin with Logic

is turned off to the linear circuitry, the CMOS output logic
is powered and maintains the output state. With no DC
load on the output, power dissipation, for all practical
purposes, is zero.

Latching the output is fast—typically 80ns from the rising
edge of Igg7. Going from the latched to flow-through state
is much slower—typically 1.5us from the falling edge of
IseT. This time is set by the comparator’s power-up time.
During the power-up time, the output can assume false
states. To avoid problems, the output should not be
considered valid until 2us to 5us after the falling edge of

ISeT

Putting the Outputs in Hi-Z State

A DISABLE input sets the six outputs to a high impedance
state. This allows the LTC1045 to be interfaced to a data
bus. When DISABLE = “1” the outputs are high impedance
and when DISABLE = “0” they are active. With TTL
supplies, V* =4.5V to 5.5V and V~ = GND, the DISABLE
input is TTL compatible.

Power Supplies

There are four power supplies on the LTG1045: V*, V™,
VoyandVo.. They can be connected almostarbitrarily, but
there are a few restrictions. A minimum differential must
exist between V* and V™ and Vo and Vg . The V* to V™
differential must be at least 4.5V and the Vpy to Vg
differential must be at least 3V. Another restriction is
caused by the internal parasitic diode D1 (see Figure 5).

Von v*

D1
vt |—o
DISABLE —
VoL )—l

V+

OuUTPUT
PIN

DATA

N1
DISABLE

L -

1045 FO5

Figure 5. Output Driver
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LTC 1045

APPLICATIONS INFORMATION

Because of this diode, Voy must not be greater than V*.
Lastly, the maximum voltage between any two power
supply pins must not exceed 15V operating or 18V abso-
lute maximum. For example, if V* =5V, V= or Vo should
be no more negative than —10V. Note that Vg should not
be more negative than —10V even if the Vgy to Vo
differential does not exceed the 15V maximum. In this
case the V* to Vg differential sets the limit.

Input Voltage

The LTC1045 has no upper clamp diodes as do conven-
tional CMOS circuits. This allows the inputs to exceed the
V* supply. The inputs will break down approximately 30V
above the V™ supply. If the input current is limited with
100kQ, the input voltage can be driven to at least +50V
with no adverse effects for any combination of allowed

ov]

Von—-VoL =3V
3 //

5V AND (V* - Vo)

Vox — VoL =4V

T\

|V - VoL =5V

|

|
S‘PECIF‘IED P?INT
b1 [
Vo =VoL =10V
\ I I

Ron/[Ron AT (Von — Vo)

0
0 2 4 6 8 10
V*=Vou (V)

12 14 16

1045 F06

Figure 6. Relative Qutput Sourcing
Resistance (Rgy) vs V* - Vgy

power supply voltages. Output levels will be correct even
under these conditions (i.e., if the input voltage is above
the trip point, the output will be high and if it is below, the
output will be low).

Output Drive

Output drive characteristics of the LTC1045 will vary with
the power supply voltages that are chosen. Output imped-
ance is affected by V*, Voy and V. V™ has no effect on
output impedance. Guaranteed drive characteristics are
specified in the table of electrical characteristics for
V*=Voy=5Vand V™= Vg =0V. Figures 6 and 7 show
relative output impedance for other supply combinations.
In general, output impedance is minimized if V*to Voy is
minimized and Voy to Vg is maximized.

5]
—

SPECIFIED POINT

N

Row/[RoL AT (Vou - VoL)

U

0
0 2 4 6 8 10

Von - VoL (V)

12 14 16

1045 FO7

Figure 7. Relative Output Sinking
Resistance (Rgr) vs Vo — VoL
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LTC 1045
TYPICAL APPLICATIONS

ECL to CMOS/TTL Logic
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l
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VTR — :
1 1
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High Voltage CMOS (Vgc = 15V) to TTL/CMOS (Vg = 5V)
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LTC 1045

TYPICAL APPLICATIONS

TTL/CMOS (Vg = 5V) to Low Voltage CMOS (V¢ = 3V)
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LTC 1045

TYPICAL APPLICATIONS

VrRip = 1.35V
5V
xvtin |V

TTLIN p———-

Logic Ground Isolation when Two Grounds are within LTC1045 GCommon Mode Range
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LTC 1045

TYPICAL APPLICATIONS

+5V Analog Switch Driver
5V
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LTC 1045

TYPICAL APPLICATIONS

Logic Systems DC Isolation
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LTC 1045

TYPICAL APPLICATIONS

24V Relay Supply from 12V/15V Supply
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LTC1045

ail \ 0uT1]19
/

3 \ ouT2] 18
/

u L \ ouTa| 17
/

5] IN4
\ ouT4] 16

/ J_1N4148
6 | INS 3 outs|1s 1N4148 24V
_/ l +| :

V+

Vi —AMA—e——o ._i> oute| 14 |
¢ — - -
10k l,mk
9 8| Vrrip2 13
L DIS
9| VrRip1 12
ISET
10~ VoL H1d %OOk
Axbv 1045 TA13
——1000pF
s
RS232 Receiver
30V—— 100k 2
—AMA—
-30V—

TTLOUT

0.9v

NOTE: INPUTS HAVE NO
INTERNAL PULL-DOWN = 1045 TA12

LY N 13




LTC 1045
TYPICAL APPLICATIONS

LED Driver
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LTC 1045

TYPICAL APPLICATIONS

Multiwindow Comparator and Display
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LTC 1045

TYPICAL APPLICATIONS

ECL to CMOS from Single 5V Supply

5V
|
1 +|20
v J
M rc1045
2| Nt
ECL IN ¥ T1
OIS Gyos out
3] N2
ECL IN ¥ 0UT2
18 s our
4] N3
ECL IN A 0UT3
>—L CMOS OUT
5 IN4
ECL IN + ouT4
>—1i CMOS OUT
T T sl | .
5V —M\—¢ I \
10k 310k s 1
< \
= 0—/
8 | Vrrip2
9| VrRiP1 12
IsET
1 <
o\~ Vo - S 2%
|_ | ~-33V
B =129V _

>
%51k

10k

M\

— — 1000pF

S

NEGATIVE SUPPLY GENERATOR N

0.01pF

33k

10
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LTC 1045

PHCKHGG DGSCRIPTIO" Dimensions in inches (millimeters) unless otherwise noted.

J Package
20-Lead CERDIP (Narrow 0.300, Hermetic)
(LTC DWG # 05-08-1110)

1.060
CORNER LEADS OPTION (Z&f&‘”
(4 PLCS)
P [io] [i] [i7] [ro] [i] ] [se] [re] i
é '
| 0.023 -0.045 T
(0.584 - 1.143) 0.220-0.310  0.025 )
R R
0.045 - 0.068 ‘ ‘ l
(1.143-1.727) . /
FULL LEAD 0 [2] [3] [ed [] Le] L] Lo Lo 1o
OPTION ‘ 0.005
0.300 BSC ’ ‘ (0.127) 0200
—> (5.080)
(0.762 BSC) MIN MAX
| ] 0.015 - 0.060
(0.381 - 1.524) ]
- - \, / . A
< 0.008-0.018 N T
(0.203 - 0.457) %
—
0.125
0.385 + 0.025 (3.175) 0.045 - 0.068 ‘ 0.100 + 0.010
(9.779 £ 0.635) MIN > ‘ (1.143-1.727) (m)
0.014-0.026

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP/PLATE OR TIN PLATE LEADS.  —>11~~ 0’355~ 0.660)

J20 0694

LY N 17



LTC 1045
PACKAGE DESCRIPTION

Dimensions in inches (millimeters) unless otherwise noted.

N Package
20-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

1.040*
(26.416)
MAX

[20] [1o] [18] [17] [16] [15] [14] [13] [re] [11]

0.255 + 0.015* )
(6.477 +0.381)

Lo L] 3] [af [o] L] [7] [&] [o] [1o]

< 0300-0325 | 0.130 + 0.005 0.045-0065 | |_
(7.620 - 8.255) (3.302 £0.127) (1.143 - 1.651) ¢
0.015 T
(0.381)
MIN R 0.065
0.009 - 0.015 (1.651)
(0.229 - 0.381) ﬁ TYP
+0.025
0.325 )
‘F ~0.015 H‘ 0.125 —> ‘e 0.005 H 0.018 + 0.003
10635 e (0.127) || OISR
8.255 " (3.175) MIN (0.457 £ 0.076)
0.100+0.010 | <
(2.540 + 0.254) N20 0695

*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)

18 LY IR



LTC 1045

PACKAGE DESCRIPTION

Dimensions in inches (millimeters) unless otherwise noted.

SW Package

20-Lead Plastic Small Outline (Wide 0.300)

0.291 -0.299**

(7.391 - 7.595)

0.010-0.029 4o
(0254-0737) < ® A‘ ~

0.009 - 0.013
(0.229-0.330)

NOTE:

(LTC DWG # 05-08-1620)

0.496 - 0.512*

(12.598 — 13.005)

17 16 15 14

AO0O0A[OAD

0.394 - 0.419
(10.007 = 10.643)

NOTE 1
0.016-0.050 _ |

(0.406 - 1.270)

0.093-0.104
(2.362 - 2.642)

N
1 2 3 4 5 6 7 8 9 10
0.037 - 0.045
(0.940 - 1.143)
0.050
(1270) - 00040012
TYP (0.102 - 0.305)
0.014-0.019
(M)A ~ 520 (WIDE) 0396
TYP

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS.

THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS
*DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE

**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE

LY N

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-

tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC 1045

TYPICAL APPLICATION

Power MOSFET Driver Low Power Consumption Stepper Motor Driver

+Vm
l .
|_1 VoH v ﬂl IEII3UZ171 Ri
LTC1045 el
2| Nt ¢
o1 \ 0UT1] 19
/ 4-PHASE BIFILAR
sl STEPPER MOTOR
ot \OUTZ 18 Tt == 3
TTL STEPPER I
MOTOR PHASE / I
SIGNALS
n2 118 \ outs| 17 :
| | ||| e [ ____[ |
— 5]INg
02 \ ouT4| 16
5V
} 6| N5 / BUZ71A BUZ71A BUZ71A
sk \ 0UT5 15
b = 1.4V e _/
20k \ ouTe| 14
c L 0—/
STEP @l | - 8] VrRip2 ois 13 __T_
CLOCK I MOTOR GND
R 9] V1Rip1 12
P IseT FULL STEP DRIVER (5V < Vjy < 15V)
== 0.14F ® | | | ton = 3RpC
1 T _10]- voL - RpC = L/R L IS WINDING INDUCTANGE
- T - |t |t | R = Rwinping + Ros(on)P + RosiomN
=02V OoN | tHoLp oL = Via/Ri
%”‘ “VARISTOR GE V/24ZA50
**FOR Vi = 10V ADD 4700 IN SERIES
_l_ WITH LTC1045 OUTPUTS 1045 TAT7
PART NUMBER DESCRIPTION COMMENTS
LT1016 Ultrafast Precision Comparator 10ns Propagation Delay
LT1039 Triple RS232 Driver/Receiver with Shutdown +12V Supply, No Supply Current in Shutdown
LTC1440/LTC1441/LTC1442 Ultralow Power, Single/Dual Comparator with Reference 2.8pA Supply Current

20
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