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LTC1450/LTC1450L

ABSOLUTE MAXIMUM RATINGS

VecTO GND e -0.5Vto 7.5V
Logic Inputs t0 GND ......cccvvvevvvreerieeen -0.5Vto 7.5V
VOUT woreereerrenremienieniesesesee e -0.5Vto Ve + 0.5V
REFOUT, REFLO, REFHI, X1/X2 ..... =0.5V to V¢ + 0.5V
Maximum Junction Temperature ............c.ccovevenene. 125°C
Operating Temperature Range

Commercial ......cccooevvvennirieee, 0°Cto 70°C

Industrial ........ccccovvviiiinnii —-40°C to 85°C
Storage Temperature Range................. —-65°C to 150°C
Lead Temperature (Soldering, 10 SeC)................. 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
wal o [ NUMBER
csise [2] 2] or
Csmiss [3] 22] x1/x2 LTC1450CG
(LsB) DO [4] [21] Vour LTC1450CN
o1 [5] [20] Ve LTC14501G
02 [ 10] REFOUT LTC1450IN
o5 [7 18] R LTC1450LCG
ii % g reno LTC1450LCN
o6 [0 5] ot LTC1450LIG
o7 ] ] 010 LTC1450LIN
08 [12] [13] D9
G PACKAGE N PACKAGE
24-LEAD PLASTIC SSOP ~ 24-LEAD PLASTIC PDIP
TJMAX =125°C, eJA =95°C/W (G)
TJMAX =125°C, GJA =58°C/W (N)

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS vic=4.5vt05.5v (LTC1450), 2.7V to 5.5V (LTC1450L), Vgyr unloaded,

REFOUT = REFHI, REFLO = GND = X1/X2, T = Tpin t0 Timax, unless otherwise noted.

SYMBOL| PARAMETER | CONDITIONS | MIN TYP MAX UNITS
DAC

Resolution o 12 Bits
DNL Differential Nonlinearity Guaranteed Monotonic (Note 1) . +0.5 LSB
INL Integral Nonlinearity Tpa=25°C +35 LSB
(Note 1) o +4.0 LSB
Vos Offset Error Tp=25°C +12 mV
o +18 mvV
Vos TC | Offset Error Temperature Coefficient 115 uv/°C
Vis Full-Scale Voltage Using Internal Reference, LTC1450, Tp = 25°C 4065 4.095 4.125 v
Using Internal Reference, LTC1450 ° 4.045 4.095 4.145 Vv
External 2.048V Reference, LTC1450 . 4075 4.095 4.115 Vv
Using Internal Reference, LTC1450L, Tp = 25°C 2470 2500 2530 v
Using Internal Reference, LTC1450L ° 2460 2500 2.540 Vv
External 1.22V Reference, LTC1450L e | 2480 2500 2520 v
Ves TC | Full-Scale Voltage Temperature Coefficient| Using Internal Reference, LTC1450 +0.10 LSB/°C
Using External Reference, LTC1450/LTC1450L +0.02 LSB/°C
Using Internal Reference, LTC1450L +0.10 LSB/°C

Reference Output (REFOUT)
Reference Output Voltage LTC1450L e | 1195 1220 1.245 v
LTC1450 e | 2008 2.048 2.088 v
Reference Output Temperature Coefficient +0.08 LSB/°C
Reference Line Regulation . 0.7 +2 LSBNV
Reference Load Regulation 0<lgyr £100pA,  LTC1450L . 0.6 +3.0 LSB
LTC1450 o 0.2 +15 LSB
Short-Circuit Current REFOUT Shorted to GND . 80 mA
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LTC1450/LTC1450L

ELECTRICAL CHARACTERISTICS v =4.5vto5.5v (LTC1450), 2.7V to 5.5V (LTC1450L), Vs unloaded,

REFOUT = REFHI, REFLO = GND = X1/X2, Ta = Tmin t0 Timax, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX UNITS
Reference Input (REFLO = GND)
REFHI Input Range VRerHt < Voo — 1.5V Vee/2 \Y
REFHI Input Resistance 8 18 30 kQ
REFHI Input Capacitance 15 pF
Power Supply
Vee Positive Supply Voltage For Specified Performance, LTC1450L 2.7 55 Y
LTC1450 45 55 \%
lcc Supply Current 4.5V < Ve 5.5V (Note 4) LTC1450 300 400 620 LA
2.7V £ Ve £5.5V (Note 4) LTC1450L 150 250 500 PA
Op Amp DC Performance
Short-Circuit Current Low Vout Shorted to GND 100 mA
Short-Circuit Current High Vout Shorted to Ve 120 mA
Output Impedance to GND Input Code =0 40 120 Q
AC Performance
Voltage Output Slew Rate (Note 2) 0.5 1.0 Vips
Voltage Output Settling Time (Notes 2, 3) to £0.5LSB 14 s
Digital Feedthrough LDAC=1 5 (nV)(s)
AC Feedthrough REFHI = 1kHz, 2Vp_p -95 dB
SINAD | Signal-to-Noise + Distortion REFHI = 1kHz, 2Vp_p (Code: All 1's) 85 dB
Digital Inputs
ViH Digital Input High Voltage Ve =3V, LTC1450L 2.2 Y
Ve = 5V, LTC1450 24 Y
ViL Digital Input Low Voltage Ve =3V, LTC1450L 0.8 Y
Ve = 5V, LTC1450 0.8 Y
VLTH Logic Threshold Voltage LTC1450L Veel2 \%
ILEAK Digital Input Leakage Vee =5V, Viy=GND to Ve -10 10 A
Cin Digital Input Capacitance Guaranteed by Design. Not Subject to Test 10 pF
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LTC1450/LTC1450L
ELECTRICAL CHARACTERISTICS

Ve =4.5V t0 5.5V (LTC1450), Ve = 2.7V to 3.6V (LTC1450L), Ta = Tpn t0 Tipax, Unless otherwise noted.

SYMBOL| PARAMETER | CONDITIONS MIN TYP MAX UNITS
Switching Characteristics (Note 5)
tes CS (MSB or LSB) Pulse Width o | 40 ns
twr WR Pulse Width . 40 ns
tcws CStoWR Setup . 0 ns
town | CSto WR Hold . 0 ns
tows | Data Valid to WR Setup Ve = 4.5V to 5.5V (LTC1450) o | 40 15 ns
Vg = 2.7V to 3.6V (LTC1450L) . 40 15 ns
Ve = 5V (LTC1450L) 10 ns
towy | Data Valid to WR Hold Ve = 4.5V to 5.5V (LTC1450) . 0 -10 ns
Vee = 2.7V to 3.6V (LTC1450L) . 0 -10 ns
Vee = 5V (LTC1450L) -5 ns
tLoac LDAC Pulse Width . 40 ns
teLR CLR Pulse Width ° 40 ns
The o denotes specifications which apply over the full operating Note 3: DAC switched all 1's and the code corresponding to Vosvax) for
temperature range. the part.
Note 1: Nonlinearity is defined from the first code that is greater than or Note 4: Digital inputs at OV or V.
equal to the maximum offset specification to code 4095 (full-scale). Note 5: Digital inputs swing 10% to 90% of V¢, t; = t; = 5ns and timing
Note 2: Load is 5kQ in parallel with 100pF. measurements are from V¢c/2.

TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Supply Voltage LTC1450 Supply Current Supply Current
vs Load Current vs Temperature vs Logic Input Voltage
5.8 T 4.2 450 8
= AVout < 1LSB 5 Vee =5V
E 5.6 | =——LTC1450 r 40 Q 440 7 ALL LOGIC INPUTS |
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= 54 1 38 S 430
— ] R = \ L~ < 6
e 1 S 3420 T~~~ Vec =55V —=— £ LTC1450
g 52 T =z ¢ ™ 1 £ s
g ! g g Vee =5V /'/ g \ LTC1450L
3 %0 '/ S i E 4 \
=) 2
S 48 32§ © Ve =45V |~ o
3 i 3 > 300 SN
S 46 30 = & &
= 1 s 3380 > \
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LTC1450/LTC1450L

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1450/LTC1450L

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC1450/LTC1450L
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LTC1450/LTC1450L

DIGITAL INTERFACE TRUTH TABLE

CLR CSMSB CSLSB R LDAC FUNCTION
H H L L H Loads the eight LSBs into the input latch
H H L 1 H Latches the eight LSBs into the input latch
H H 1 L H Latches the eight LSBs into the input latch
H L H L H Loads the four MSBs into the input latch
H L H 1 H Latches the four MSBs into the input latch
H ) H L H Latches the four MSBs into the input latch
H H H H L Loads the input latch data into the DAC latch
H H H H 1 Latches the input latch data into the DAC latch
H L L L L Loads input data into DAC latches (latches transparent)
H L L L 1 Latches input data into DAC latches
L X X X X All zeros loaded into input and DAC latches
tcs
SEIR N 7
| t(./b |
CSMSB JR J[
—> tews twR—> lewH [<—
EE— —_— twr
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_1]wr
~Q| QR [
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] |/ D11 DO
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LTC1450/LTC1450L
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LTC1450/LTC1450L

TYPICAL APPLICATIONS

Filter Vger to Lower Output Noise (0.18mVgys at Vour)

5V

" 100

Din A [ | 4.74F

FROM pP DATA (0:11)  Vgc REFOUT  REFHI T
DATA BUS
——— csisB
FROMWPAND | — ] CSMSB LTC1450 OUTPUT
DECODELOGIC | — | Wi LTC1450L
LDAC X1/X2
FROM —
SYSTEM RESET CIR ) [RERe

LTC1450/50L » TAO3

Digitally Programmable Noninverting Amplifier

LTC1450: Vj\ = OV TO 2.048V
(Ve = 4.5V TO 5V)
LTC1450L: Vjy = OV TO 1.22V
(Ve = 2.7V TO 5.5V)

Vee LTC1450L: Vi = OV TO 2.048V
o (Vec = 4.5V TO 5.5V)
Din \ l
FROM P DATA(0:11)  Vec REFOUT REFHI
DATA BUS
—— 1 csiss 5
_ LTC1450: Vout = (—'N . z)le
FROM pP AND CSMsB LTC1450 4096
DECODE LOGIC = LTC1450L
— WR LTC1450L: Vour = [N . 2 05 Vin
_ 7096
LDAC
FROM —
SYSTEM RESET L EiD

— LTC1450/50L » TAO4
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LTC1450/LTC1450L

TYPICAL APPLICATIONS

Bipolar Output 12-Bit DAC

5V
sV _ VREF
1
/_L\(lluF Vout
— ~2.048V TO 2.047V
o \ (ImV/LSB)
FROM pP DATA (0:11)  Vgc REFOUT REFLO*
DATA BUS _
—— csisB
CSMSB
FROM 1P AND
DECODE LOGIC R LTC1450 ow
Ve Dy — 4096
LDAC Vour = 2.048 + (7“4096 )4.096
FROM CLR GND
SYSTEM RESET *REFLO IS TIED TO REFOUT AND
) REFHI IS TIED TO GND
TYING REFLO TO REFOUT AND REFHI TO GND IN THIS
= APPLICATION OVERCOMES THE NEED FOR A PULL-DOWN
RESISTOR ON THE REFOUT PIN. REFOUT SEES A CONSTANT
LOAD TO GND INDEPENDENT OF Vour Lrc14s0r0L - TAGS
Digitally Programmable Bilateral Current Source/Sink
VRer
. A
Vee ) ¢
1 o1 2.047mA
I: lout Din
Din \
FROM pP DATA (0:11)  Vgc  REFOUT  REFHI ~2.048mA
DATA BUS
———] csLsB 1.13k
CSMSE |
FROM pP AND cSMss LTC1450 2 048mA TO 2.047mA
DECODE LOGIC WR (1ALSE)
LDAC _(Dw _R2
FROM — lour (4096 4096 - VREF) (R1)(R5)
SYSTEM RESET CLR Gt R1=R3
) R2=R4 +R5
_ (R1)(R5)(R3+R4)
£ Zout =

(R2)(R3) - R1(R4 + R5)

LTC1450/50L » TAO6
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LTC1450/LTC1450L

Typical Application

40000DACOODODODO

00000000 0obobobooooo40000DACO O
OOoOoOoOoLTCcuUsoLD OO OooOoOosvoool1oooo
O00O0OO0OO0OO0OREFOUTOOOOOOOODOOOSKOO
Oo00oO0oOoOoo@mLTCco0 D ooooooooon
OOoobACOOOO0OOOOOOOO122vboooan
godooooooooooooooooooobooon
gooooooACO0OO0OO0OO0OOOOOOObOOoooOoo
O00oo0ooooooooobooooooooooo
ogooo
VOUT:(VIN—VREF)|]|:||:| (DIN—]-)Jfli|+VREF
4096

LTC1450L0 0 000 OO O 2.050 Vgged 1.22v0 0 0O O
O0ooooooonon

_ Din
VOUT—(V|N—l.22V)|:2.05(4096)—1.05]+l.22V
U10Veout OOOVINO VReeUDNO DD OO O DO
OO0O00000000DO125kHzO 23vep 0 OO OOO
gooooboobobooboooboobobooobo
goooboooobooboooo

Table 1. Binary Code Table for 4-Quadrant, Multiplying DAC
Application

BINARY DIGITAL
INPUT CODE IN
DAC REGISTER

MSB LSB
1111 1111 1111 | (4094/4096)(Viy — Vrer) + Vrer
1100 0001 1001 | 0.5(Vy—VRer) + Vrer

1000 0011 0010 | Vger

0100 0100 1011 —=0.5(VIN = VRrer) * VRee

0000 0110 0100 =1.0(VIN = Vrer) * VRee

0000 0000 0000 | ~1.05(Vjy—Vrer) + Vrer

ANALOG OUTPUT (Vour)

Clean 4-Quadrant Multiplying Is Shown in the Output
Waveforms for Zero-Scale and Full-Scale DAC Settings

Vi
1.22V £1.15V

R 2v/D1v
AT 12.5kHz -

Vour

D=0 1v/DIV

Vour

Dy = 4008 WDV

1450/50L TA08

20ps/DIV

Internal Reference, REFLO/REFHI Pins, Gain Adjust and Wide Supply Voltage Range
Allow 4-Quadrant Mulitplying on a 5V Single Supply

VIN

5V

1.22v £1.15V

Diy DOUBLE-

X1/X2 Vee LTC1450L
R 1.05R

b BUFFERED
WR DAC

CSLSB DAC

LDAC

Vour
1.22V +1.21V

<

CLR POWER-ON REFERENCE
RESET 1.22v

REFOUT REFLO

@
=
O

1450/50L TAO7

|||—

> VRer
2
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LTC1450/LTC1450L

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1257 Complete Serial /0 Voyr 12-Bit DAC 5V to 15V Single Supply in 8-Pin SO and PDIP

LTC1451/LTC1452/L.TC1453 | Complete Serial I/0 Voyr 12-Bit DACs 3V/5V Single Supply, Rail-to-Rail in 8-Pin SO and PDIP

LTC1446/LTC1446L Dual 12-Bit Voyt DACs in SO-8 Package LTC1446: Ve = 4.5V TO 5.5V, Voyr = 0V TO 4.095V

LTC1446L: Vee = 2.7V t0 5.5V, Voyr = 0V to 2.5V

LTC1454/LTC1454L Dual 12-Bit Vot DACs in a 16-Pin SO Package LTC1454: Ve = 4.5V to 5.5V, Vgyr = OV TO 4.095V
with Added Functionality LTC1454L: Ve = 2.7V 10 5.5V, Vour = 0V to 2.5V

LTC1458/LTC1458L Quad 12-Bit Vot DACs in 28-Lead SW and SSOP LTC1458: Ve = 4.5V to 5.5V, Voyr = 0V to 4.095V
Packages LTC1458L: Ve = 2.7V t0 5.5V, Voyr = 0V to 2.5V

LTC7541A Parallel 1/0 Multiplying 12-Bit DAC 12-Bit Wide Input

LTC7543/LTC8143 Serial Multiplying 12-Bit DACs Daisy-Chainable, Flexible Analog and Digital Interface

LTC7545A Parallel Latched Input Multiplying 12-Bit DAC 12-Bit Wide Latched Input

LTC8043 Serial Multiplying 12-Bit DAC 8-Pin SO and PDIP
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