L‘r IT_EICIJ' ’ \D LTC1045

NOLOGY' programmable Micropower Hex

FEATURES

m Efficiently Translate Voltage Levels

= [nternal Hysteresis for Noise Immunity

s Qutput Latches Included

= Three-State Outputs

= Programmable Power/Speed

= Power can be Completely Shut Off

=+ 50V on Inputs with External 100kQ Limit Resistor
» 1.2;5 Response at 100zA Supply Current

APPLICATIONS

» TTL/CMOS to +5V Analog Switch Drive
® TTLto CMOS (3Vto 15V Vo)

w ECL to CMOS (3V to 15V V¢g)

= Ground Isolation Buffer

® | ow Power RS232 Line Receiver

Translator/Receiver/ Driver

DESCRIPTION

The LTC1045 is a hex level transiator 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’s plus input is brought out separately. The minus in-
puts of comparators 1-4 are tied to VTrip and 5-6 are tied

to Virip2.

The IseT 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 IsgT to
V- through an external resistor.

LTCMOS™ is a trademark of Linear Technology Corp.
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LTC1045
ABSOLUTE MAXIMUM RATINGS PhCI(ﬂGE/OBDGﬂ INFORMATION

(Notes 1and 2) — ORDER PART
Total Supply Voltage (Vt, Vorto V=, VoD............ 18V wi O @y NUMBER
Output High Voltage (VoH) ... .covvvvieieniinnnenn. <V+ npuT 12 73] ouTRUT 1
InputVoltage .................cooeils 18Vto V- -0.3V neuT 2 3 - [Eoumre LTC1045MJ
Operating Temperature Range weuT 3 [2] [17] outpuT 3 LTC1045Cy
LTCA045C. ..o, ~40°Cto85°C | wers[s]  [Bloumre | TC1045CN
LTCI045M ......ccvviiiiiiiiine -55°Ct0125°C neuT 5 6 [75] outpuT 5
Storage Temperature Range.............. - 55°C to 150°C weuT 6 2] 2] ouTPUT 6
Lead Temperature (Soldering, 10 sec) .............. 300°C Vrarez 8] [13] DisaeLe
Output Short Circuit Duration Vrae [5] [17] 15er
(VoH=VoL<TOV).oee i, Continuous v- [ M
ESD (M".'STD'883, MethOd 3015.1) ................. 2000V J20 PACKAGE N20 PACKAGE
HERMETIC DIP PLASTIC DIP

€ELECTRICAL CHARACTERISTICS

(Note 3)V* =Vou =5V, V~ =V =0V, Tp =25°C unless otherwise specified.

LTC1045M LTC1045C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
Ig Input Bias Current V™o sVysVv?t +1 £1 nA
° 1.0 05 uA
Trip Voltage Range ° V- vt-2 V- vt-2 v
{Pin 8 and Pin 9)
Is V*toV~ Supply Current | DISABLE=V*, Rggr = 10k 25 35 25 35 mA
o 5.0 45 mA
lorr V*toV~ Supply Current | DISABLE =lger=V* 10 10 nA
in Shutdown ® 5 1 pA
VHEF Voltage on |SET (Pm 12) RSET =10k 0.9 0.9 v
o 05 1.4 0.6 1.25 v
Vou TTL Output High Voltage | lgyr= —3604A,Vt =45V | @ 24 44 24 44 v
VoL TTL Output Low Voltage | lgyy=1.6mA, V* =4.5v ® 0.2 0.4 0.2 0.4 v
ISINK QOutput Short Circuit VIN = VTHLP ~100mV, 8.5 15 15 15 mA
Sink Current Vour=V ° 5.5 5.5 . mA
Isource | Output Short Circuit Vin= Ve + 100mV, 45 8.0 4.0 8.0 mA
Source Current Vour=V~ ® 3.2 3.2 mA
loz Three-State Leakage DISABLE=V* 0.005 0.005 pA
Current VoL<Vour<Von [ ] 1 1 pA
Row Output Resistance to Vo | [lgyt] <1004A 260 400 260 475 ]
® 600 600 ]
RoL Output Resistance to Vg | |lgyt| <100sA 100 150 100 180 Q
° 250 250 "9
Isg7 Voltage for Shutdown ®! V'-05 V*-05 v
DISABLE Input Logic
Vi Levels V=45V, V=0V e 20 2.0 v
Vi VY =55V,V- =0V ® 08 0.8 v
Input Supply Differential ® 45 15 45 15 v
(V* -V~)(Note 3)
Output Supply Differential ® 3 15 3 15 v
(Von - Vo) (Note 3)
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LTC1045

AC ELECTRICAL CHARACTERISTICS

V*+ =Voy=5V,V~ =Vg =0V, Ty =25°C unless otherwise speciied.

LTC1045M LTC1045C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
tg Response Time Test Circuit Figure 1 200 250 ns
Rger = 10k, + 100mV Drive ® 350 350 ns
tserup Time Before Rising Edge of lggr that Test Gircuit Figure 2 80 80 ns
Data Must be Present
thoo Time After Rising Edge of iggy that Test Circuit Figure 2 0 0 ns
Data Must be Present
tace Falling Edge of DISABLE to Logic Test Circuit Figure 3 165 165 ns
Level (from Hi-Z State)
tiw tom Rising Edge of DISABLE to Hi-Z Test Circuit Figure 3 200 200 ns
State

The ® denotes the 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 3: During operation near the maximum supply voltage limit, care

should be taken to avoid or suppress power supply tum-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

Note 2: The maximum differential voltage between any two power pins rating.
(V*, V7, Vo and Vo, ) must not exceed 18V. The maximum recommended
operating differential is 15V.
SV sV —e 1,<10ns
| t 5V
Y IH DISABLE 509'2%
QUTPUT v+ W 10%
Vigp=1.2V, SOpF OUTPUT tn
1 I 10pF 10k W %
= = = = oUTPUTS
DISABLE ~5V

OouTPUT

Figure 2. Latch Test Circuit
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Figure 3. Three-State Qutput Test Circuit,
Conditions; V* =5V,V~ =0V, Voy =5V, VoL = OV
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LTC1045

TYPICAL PERFORMANCE CHARACTERISTICS

I* vs Temperature I* vs Rggr Delay Time vs Rget
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g 1.0 P Reer=10k S s h S
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2
0.1 0
—-50 —-25 0 25 5 75 100 125 100 1K 10k 100k 1M
AMBIENT TEMPERATURE, T (°C) Rser (9)
PIN DESCRIPTION
Pin  Name Description Pin  Name  Description
i VoH High level to which the output 1 VoL Comparator negative supply
switches 12 lser This pin has three functions
2-7  INPUT  Sixcomparator inputs; voltage 1) RseT from this pinto V~ sets bias
range=V-toV~ +18V current
8 VTripz  Trip point for first four comparators 2) When forced to V+ power is shut
(inputs 1-4); voltage range =V~ to off completely :
V+-ay 3)When forced to V* outputs are
9 Vrript  Trip point for last two comparators latched
(inputs 5-6); voltage range=V - to 13 DISABLE When high outputs are Hi-Z
vVt -2y 14-19 QUTPUT  Six driver outputs
10 V- Low level to which the output switches 20 v+t Comparator positive supply
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LTC1045

BLOCK DIAGARAM
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LTC1045

APPLICATIONS INFORMATION

The LTC1045 consists of six voltage translators and asso-
ciated control circuitry, see Block Diagram. Each transla-
tor 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 Vigip1 and
the negative inputs of the last two comparators are tied in
common to Vyripz. With these inputs the switching point
of the comparators can be set anywhere within the com-
mon-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 CMOS 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 re-
sistor (see typical curve of I* vs Rsg). 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 Isgt pin shuts
power completely off and latches the translator outputs.
To do this, the Isgt pin must be forced to V* -0.5V. As
shown in Figure 4, a CMOS gate or a TTL gate with a resis-
tor pull-up does this quite nicely. Even though power is

V+ (4.5V 10 15v)

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 pur-
poses, is zero.

Pl Latching the output is fast—typically 80ns from the rising

edge of Iger. Going from the latched to flow through state
is much slower—typically 1.5s 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 con-
sidered valid until 2us to 5ps after the falling edge of Isgr.

PN Putting the Outputs in Hi-Z State
PN 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 sup-
plies, V* =4.5V t0 5.5V and V~ = GND, the DISABLE input
is TTL compatible.

eN Power Supplies

PThere are four power supplies on the LTC1045: V+, V-,

Vou and VoL. They can be connected almost arbitrarily,
but there are a few restrictions. A minimum differential
must exist between V* and V- and Vou and VoL. The V*
to V- differential must be at least 4.5V and the Vou to Vor
differential must be at least 3.0V. Another restriction is
caused by the internal parasitic diode D1 (see Figure 5).

v+ (4.5V T0 5.5V)

VoH v+
D
v+ >
DISABLE—_E?,__( P1
VoL
DATA ——9 ouUTPUT
v+ PIN.

N1
DISABLE

VoL
Vo

1
(A) CMOS = (B)TTL

Figure 4. Driving the Iggy Pin with Logic

Figure 5. Output Driver
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LTC1045

APPLICATIONS INFORMATION

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

Input Voltage

The LTC1045 has no upper clamp diodes as do convention-
al 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

Z 40
1 Pl
S Von—VoL =37
|
i>(3.0 /
Q
=z
Ed
3
1 2.0 p Vor—VoL=4V
=T Von-VoL=5
] OH UL__‘
1.0

T
SPECIFIED POINT

Ron/[Rou@(Von—Vou)

T i
Vou—Vor =10V
0 A/

6 2 4 6 8 10 12 14 16
VH—Voy (V)

Figure 6. Relative Output Sourcing
Resistance (Rou) vs V* - Vou

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

fN Qutput Drive
v™ Qutput drive characteristics of the LTC1045 will vary with

the power supply voitages that are chosen. Output
impedance is affected by V*, Von and Vor. V- has no ef-
fect on output impedance. Guaranteed drive characteris-
tics are specified in the table of electrical characteristics
for V¥ =Voy=5V and V~ =Vg_=0V. Figures 6 and 7
show relative output impedance for other supply combina-
tions. In general, output impedance is minimized if V* to
VoH is minimized and Vou to Vo is maximized.

20

\
\
\

-
o

Ro/[RoL@(Von—Vop) =5V]

\‘

\/specr=|en POINT
E\
!
It
L2
\
+
{

]

0 2 456 8 10 12 14 16
Vo=V (V)

Figure 7. Relative Output Sinking
Resistance (Ro) vs Vor - Vor

TYPICAL APPLICATIONS

ECL to CMOS/TLL Logic

5V

TTLICMOS (Ve = 5V) to High Voltage CMOS (Ve = 15V)

THREE-STATE
BUFFER

CMOS
{Yec=15V)

AT
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LTC1045

TYPICAL APPLICATIONS

High Voltage CMOS (Ve = 15V) to TTLICMOS (Vec = 5V)
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Vo”l————l

» [
|

CMOS N N\
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|
L- — .
it I

1
|
|
Voo = DS —'

U K]

TTLICMOS (Vi =5V) to Low Voltage CMOS (Voo =3V)

slv W
1 r—-———"" Y= =——"
[ PR [
|

TTL/CMOS N N

(Voe=5V)

|
— V7 I
| |
L—-——V— — e Isg7 = —] VoL —DISIJ
~15V
:E100k
L L

TTLICMOS Logic Levels to + 5V Analog Switch Driver

-5V

I
THREE-STATE
BUFFER | ouos
1 COMPARATOR LATCH ouT VeoeV)
Viae -

TTL/CMOS
(Vee=5V)

sv
1
— Vt b= o e e o Vou b= = — P S
r o = M w1
| L Y 5V
ﬁ‘ I N Sw | out
TTL/CMOS N THREE-STATE
e N BUFFER J | |
=% T COMPARATOR LATCH —-[  ouT } |
Vimp / I L s |
|
| | CMOS ANALOG
SWITCH
OR
R pvy IS ooy N rovy S vy EawPLE
~1.4V
>
S 2k
! 1
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LTC1045

TYPICAL APPLICATIONS

TTLICMOS (Ve =5V) to +10V/ - 5V Clock Driver

10v
=1 Yor == —
| ] «—1 |
|
TTL/CMOS " N

THREE-STATE
Veo=5V) BUFFER ]
COMPARATOR LATCH  ouT | +10V70 —5¥
CLOCK DRIVER
Virip

|
|
|
|——'-—-'V‘ — et |SET -—'VQL——DIS'—I

ik

= -5V

ik

Logic Ground Isolation when Two Grounds are within LTC1045 Common-Mode Range

SYSTEM A SYSTEM B

I-_ _l I Veeg=5V —-I

| | | ” |
Voca=5V l—— — V4 e e v - Vou b= — _—I

| | | — | |

| TTL/CMOS LOGIC | l THREE-STATE | l
& N N BUFFER |

2.7k $ N LoGIC

| | , | COMPARATO | LATCH out oot |

l V=135 I t I VTrip 1 I
wS SETS LOGIC l

| $ I THRESHOLD REFERRED | | | |

T0 GNDA

l L——— V- = = igeT = == DIS - VQL'J

| 1 1 1 l
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LTC1045

TYPICAL APPLICATIONS

+ 5V Analog Switch Driver

5V
CD4016 %
1 r —|14
oy M
2Nt
134 '
)
3 w8 Y
3|In2 o |
sl s lg oo
4fiN3 6l |
TTL [ |
OR CMOS 10

LOGIC INPUTS shing

6fins |

7}iN 6

12: l

: |

rt___J
-5V

12

~1.5V

_1I

-5V

%1 00k

Coax Cable Driver/Receiver

5V
5V
20
XMTIN§ V¥
TTL IN D=1+ 1 30 FT RG 174 20
VoL XMTOUT o« ,~  COAXCABLE  ~ RCVIN | v+
v 77 AN M
v RCV OUT
1.4yt $ $ 500 0 TTLOUT
0.2y~ 50pF

RCV OUT (5v/DIV)

RCV IN (1V/DIV)

XMIT OUT (1v/DIV)

XMIT IN (5V/DIV)

200ns/0IV
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LTC1045

—
TYPICAL APPLICATIONS

Logic Systems DC Isolation

SYSTEM A SYSTEM B
SYSTEM 8
POWERISUPPLY
L Voo .+
LTCI0as
~ ol N
>
o 3|z
L N
. aling
—
TTL OR CMOS . | cMoS OR TTL
- shins
—
o 6fms
—
o 7iwe] k
Lf R
SYSTEMA __ vt —otlv2d 1S THREE-STATE CONTROL
POWER SUPPLY W ! - -
| ki
S $ obvri 12
p2 (1) SET Vy TO HALFWAY BETWEEN
14F Vou AND Vg OF SYSTEM A.
) (2) SHUNTS COMMON-MODE SIGNAL.
T s (3) PROVIDES LEAKAGE PATH FOR TOTALLY
Im : ISOLATED SYSTEMS.
100k
B A 3
SYSTEM AGND = VA )\
777 SYSTEM B GND
RS232 Receiver
5V
2
ovV—r 100k o} v+
AT+

. 1
~30V— U 19
LTC1045 ¥‘§>— TILOUT
oovp - s A
Vo A2
i
10
*INPUTS HAVE NO INTERNAL

> PULL DOWN. {F INPUTS FLOAT
EXTERNAL PULL DOWN MUST
BE ADDED.
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LTC1045

TYPICAL APPLICATIONS

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

|
L Vou v+£[J
LIC1045
20N 1 wﬂ 19
/
32 -/om 2|18
AN wsm
/ B
L \o:mns
olins _l{/Ws 15
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10k 3 10k "-l/ :
) glvrz e
afvrt
o -

LED Driver
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LOW TURNS LED ON {

V-l'g

Ly
o LTCI045
i 2
4 LR N\ 0UT 1]19
L1 out 2)1s
AN 3 i 317
sfwa L
e >°_UTiL 0 DS
smﬁ1l _ng_;w
’i?’“’ f _i>°_w_6u
ofvr | o
i bsgv
] va [t
=15V
>
S 100k
3 b ¥ -
REF LED W LE 8 I
7 [ 2N2905
5 (USE HEAT SiNK) |
: |
2N2222 v, v |
sV REGULATES :

LED CURRENT
R (ADJUSTS LED CURRENT)
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L.TC1045

TYPICAL APPLICATIONS

Multi-Window Comparator and Display

v+ sV
1 20
28N 1
Veer Vin>Vaer
2R
1 v 3|z
310k
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>
310k i
) sfinal’ o]
S Goren
10k :
< - R
N
sl TN ourslss GBI MV 57164°
10k BAR GRAPH DISPLAY w
—i
Vin ;‘
‘:wk
e w
l‘
S
4,10k
<
4
:’10k
S0k
S
,
S
210k
‘b
10k »
7imN
5 “T-1*: OUT 614 WV_L
v, Tl i
i1 6 R
9f v o L |
SET
VinsV+ -2
R=100 (Vger ~ Vi) .
Ve—V0) L1t py e L *FOR LED CURRENT CONTROL SEE
EACH WINDOW BETWEEN Vy AND V,, LTC1045 LED DRIVER
EQUALS 1/10 (Vi — V)
(VH~VD=0.5V V —
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LTC1045

TYPICAL APPLICATIONS

ECL to CMOS from Single + 5V Supply

5lv
L Vou ;v_+_ﬁ‘.|
' uc1}o4‘5
£oL N —2p N .
£CL IN —3]IN 2 .
e L L cmos ouT
ECL IN —= e | il

g CMOS OUT

KR §

1uF

>
3 51k

SV ANA— 8 5 | 1N4148
< o |
10k 10k :
1 7Ine "
1N4148 10u4F
; +
sfvr2 13
gfvrs 12
10 i 1| S
- <Vay $
|— _l ~-33V
6 = —1.20V _
AN o.m,&"L p:
L
—— L oo0pF 10k I \L
6 NEGATIVE SUPPLY GENERATOR

g 33k
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LTC1045

TYPICAL APPLICATIONS

Power MOSFET Driver Low Power Consumption Stepper Motor Driver

+Vn
. - 3 <
L’avuﬂ , BT 29] : guzm Py
R (17 1

o LR 1o N I

. / i 4 PHASE BIFILAR

: Vo STEPPER MOTOR

gzl N aura)is

TTL STEPPER MOTOR B gm0 gl
PHASE SIGNALS e o /

gnst  ENairali

e e e —

< = _{/ —{| BUZ71A ':Buzm
|~ 1.av -k A - - -
20k e SNour e '
swp@_ll b 8jvi2 "-;;msm
CLOCK { :
¢ s S MOTOR GND
VT et 1?4 {
R RTINS
_L'o_1 . R ) @J_ FULL STEP DRIVER (+5V <Vyy < + 15V)
- ¥ I ton =3RpC
g * RpC=L/R L IS WINDING INDUCTANCE,
=0.2V F=an\dlnm/ea+rns {ON)P+rps (ON) N
: tonft HoLD=Vm/Ry
S Wl_ *VARISTOR GE V24ZA50

1K **FOR V) =10V ADD 4702 IN SERIES
WITH LTC1045 OUTPUTS. m
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LTC1045

PﬂCKﬂGG DGSCB'PT'O“ Dimensions in inches- (millimeters) unless otherwise noted.

J20 Package Ceramic DIP

1.060

(26.924)

[#] [5) () [7] [] [] (] [ [2] il

0.220-0.310 0.025
(5.588 - 7.874) (0.635)
RAD TYP
J
U Lof T TaTTsT [e] o0 L] L8] [ro]
0.160 0.005
_ — —_—
M e B T e ,
(7.366-8.128) SEALANT MIN
A
¥ 0015-0.060 _ 0.200
/F ‘\ (0.381—1.524) +— {5.080)
i 4 MAX
0°-15° ~ } T
l :
0.008—0.018 0.080 0.038 —0.068 0.1000.010
0203-0457) 1 0.125 iy 2032) {| ™ 09s-1727) {2.540 £ 0.254)
(3.175) MAX
0.385+0.025 MIN 0.014—0.026
{9.779.£0.635) {0.356—0.660) 20188
Timax | O
150°C_|_705CW
N20 Package Molded DIP
1.040 _
o (26.416) o
MAX
[20] [70]1 81 [O7] [G6] [05] 4] (73] [32] [71]
0.250 £0.010
{6.350 £.0.254)
LIl T el a] te] Ly L8] L] (o]
0.130 +0.005 0.065
0.300 —0.320 1330220.127) {1.651)
{7.620 —8.128) 0.020
m— (0.508) & F3
MIN —_
1y !
? '}
Y 1
0.009—0.015 0.045 —0.065 '
i o Tt 0.125 Py TR
” (0.229-0.381) 375 (1.143-1.651) l 0.100 +0.010
MIN ’ {2.540 £ 0.254)
+0.025
o % o 0.065 +0.015 |« 00180003
(6.255 +ggg?> (1.651 +0.381) ’ (0.457 £0.076) o
’ Timax Oja
110°C_|_90°CW
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