LTC1329-10/
| l ’\Q LTC1329-50/LTC1329A-50

TECHNOLOGY

FERTURES

= Guaranteed Precision Fuli-Scale DAC Output
Current at 25°C:

LTC1329A-50  50pA +1%
LTC1329-10 10pA £3%
LTG1329-50 50pA £3%

» Wide Output Voltage DC Compliance; —15V to 2.5V
s Wide Supply Range: 2.7V < Vg < 6.5V
» Supply Current in Shutdown: 0.2uA
m | ow Supply Current; 75uA for LTC1329-10,

95pA for LTC1329-50/LTC1329A-50
= Avazilable in 8-Pin SO
= Triple Mode™ Interface Modes

1. Standard 3-Wire Mode

2. Pulse Mode 1-Wire Interface: Increment-Only

3. Pulse Mode 2-Wire Interface: Increment/Decrement
® Can Read Back the 8-Bit DAC Value in 3-Wire Mode
& DAGC Powers Up at Midrange
a DAC Contents Are Retained in Shutdown

APPLICATIONS

LCD Contrast Control

Backlight Brightness Control

Battery Charger Current/Voltage Adjustment
Power Supply Voltage Adjustment

Trimmer Pot Elimination

Micropower 8-Bit Current
Output D/A Converter

DESCRIPTION

The LTC®1329-10/LTC1329-50/LTC1329A-50 are
micropawer 8-bit current output D/A converters (DACs)
with an output range of OuA to 10pA for the LTC1328-10
and QuA to 50pA for the LTC1328-50/L.TC1329A-50. The
DAC current output can be biased from —15V to 2V or
-15Vt02.5Vin 3.3Vand 5V systems, respectively. Supply
current is only 95pA for the LTC1329-50/LTC1329A-50
and 75pA for LTG1329-10. A shutdown mode drops the
supply current to 0.2uA.

The LTC1329 can communicate with external circuitry by
using one of three interface modes: standard 3-wire serial
mode and two pulse modes. Upon power-up, the internal
counter resets to 1000 0000B, the DAC output assumes
midrange and the chip is configured in 3-wire or pulse
mode depending on the signal level at CS.

In 3-wire mode, the system MPU can seriaily transfer 8-bit
data to and from the LTC1329. in pulse mode, the upper
six bits of the DAC output can be programmed for incre-
ment-only (1-wire interface) or increment/decrement
(2-wire interface) operation depending on the signal level
at Dyy.

LTC1329 is available in 8-pin SO packages.

LY LTC and LT are registered trademarks of Linear Technology Corporation.
Triple Mode is a trademark of Linear Technofogy Corporation.
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LTC1329-10/

LTC1329-50/LTC1329A-50

ABSOLUTE MAXIMUM RATINGS PACHAGE/ORDER INFORMATION

(Note 1)

SUPPIY VORAGE (VGG vvvevvrerrvrresrsnsssensssssnnesnnessiass v — Om%E&B?;RT

Input Voltage (All Inputs) ........... -0.3V to (Vgg + 0.3V)

Output Voltage four 18] Dour LTC1329CS8-10
LOUT vt ~15V o (Vg + 0.3V) Vee () ow e | LTO1329CS8-50
DOUT o ~03Vio (Vee+03V) | O 5] oo LTC1329ACS8-50

Short-Circuit Duration (All Outputs) Indefinite o 5168 53 PART MARKING

Operating Temperature Range ......... 0°C to 70°C o SEPACKAGE

Storage Temperature Range ................ -65°C to 150°C 13291 13295

Lead Temperature (Soldering, 10 S6C).......c.ccocons 300°C Towax = 125°C. 6up = 150°C/W 13295

Consult factory for industriat and Military grade parts.

ELECTRICAL CHARACTERISTICS v, -3.3v, 1= 25°C, unless otherwise specified.

1 LTC1329-10 LTC1329-50/LTC1329A-50
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX MIN  TYP MAX UNITS
Voo ® 2.7 6.5 2.7 6.5 v
lee Supply Gurrent Varmw = Vo = Ves = Voo Vo = 0V, [ 75 130 95 150 vA
Dour = NG, loyt = NG
Shutdown ® 0.2 5 0.2 5 pA
DAG Resolution 8 8 Bits
DAG Fuli-Scate Current Output Voitage at lpyr = 0.45V, Ta = 25°C 97 10 103 485 50 515 pA
(LTC1329-10, LTC1329-50) e 95 10 105 475 50 525 pA
Output Voltage at lgyr = 0.45V, Tp = 25°C 495 50 50.5 pA
(LTC1329A-50) [ 490 &0 51.0 pA
DAC Zero-Scale Current Output Voltage at loyr = 0.45V o 200 200 nA
DAC Differential Manotanicity Guaranteed [ ) +03 098 +0.9 LSB
Nanlinearity
Supply Voltage Rejection Vg = 3V to 5.5V, loyr = Full Scale, [ ) +1 +2 +1 +2 LSB
Qutput Voltage at loyy = 0.45V
Vg = 2.7V 10 6.5V, Full Scale, ) 25 14 25 14 LS8
Qutput Valtage at loyr = 0.45
Qutput Voltage Rejection Vg = 5V, loyt = Full Scale, [ +025 1 +0.25 LSB
Output Voltage at lpyy =~ 15V 10 OV
Ve = 5V, tout = Full Scale, L] +15 +15 LSB
Qutput Voltage at lgy7 = OV 1o 2.5V
Iy Iy | Logic tnput Current Vs Vins Vg ® +1 +1 WA
Vin High Level Input Voitage Vep =5V [ 2.0 20 v
Veo=3.3V | 19 19 v
Vi Low Level Input Voltage Voo =5V [} 0.80 0.80 v
Vg =3.3V ® 0.45 0.45 V
Vou High Level Output Voltage | Veo=3Y, lo= 400pA [ ] 24 24 v
Vo = 3.3V, Ig = 400pA [ 2.1 241 ! v
Vou Low Level Output Voltage | Voo =5V. Ip = 2mA °! 04 04 ! v
Vge = 3.3V, lg = 1mA o 0.4 04 | Vv
loz Three-State Output Leakage | Vs = Vec o +5 5 | A
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LTC1329-10/
LTC1329-50/LTC1329A-50

BECOMEHDGD OPG&HTI\G COﬂDITIOI'IS Vgc = 3.3V, unless otherwise specified. (Notes 2, 3)

SYMBOL | PARAMETER | coNDITIONS | MmN TP max | uwiTs
Serial Interface
fok Clock Frequency [ } 2 MHz
teks Setup Time, CLK. Before CSJ e 150 ns
t&ss Setup Time, CS{ Before CLKT e 400 ns
toy 5! to Doyr Valia See Test Circuits e| 150 0s
tos Dy Setup Time Before CLKT o 150 ns
toH Dy Hold Time After CLKT e | 150 ns
too CLK! to Doy Valid See Test Circuits e 150 ns
tokHi CLK High Time e 200 ns
tekLo CLK Low Time e 250 ns
tggu | OLKJ Before CST e 150 ns
toz EST to Doyr in Hi-Z See Test Circuits 'Y 400 ns
teky | CST Before CLKT '3 400 ns
toso | CS Low Time foLx = 2MHz (Note 4) e 4550 ns
Vok =0V e | 400 ns
togr | €S High Time o | 400 ns
The @ denotes specifications which apply over the fuil operating Note 2: Timing for all input signals is measured at 0.8V for a High-to-Low
temperature range. transition and at 2V for a Low-to-High transition.
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: Timing specification are guaranteed but not tested.
of the device may be impaired. Note 4: This is the minimum time required for valid data transfer.
TYPICAL PERFORMANCE CHARACTERISTICS
LTC1329-10 DNL vs Code LTC1329-10 INL vs Code LTC1329-50 DNL vs Gode
1.0 — T T T T 10 T T — 10 T T .
08 A2 | 08 - 255 r— osf i
0.6 |- V(lgur) = 045V 06 - V(lour) = 0.45V 06 (- Vloyr) = 045V
04 04 feih 04 :
& 02 y & 02 11 ‘i w &ﬁh g 0z~ i
2, S ol A #\( = Sty M Sty TIEITIE
Y ! 2 oo Y b iﬁ“t E 02
-0.4 . -0.4 i -0.4 1~
-06 ~0.6 -0.6
-08 -8 -08 j
0 3; 6;1 9 128 160 192 224 256 T3 6 w6 s 160 12 224 256 O3 w4 s 128 160 1oz 22¢ 25
CODE CODE CODE
1992 801 et ecuz o7z 500
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LTC1329-10/

LTC1329-50/LTC1 329A-50

TYPICAL PERFORMANCE CHARACTERISTICS

LTC1329-50 INL vs Code
10 : . 1
Ty = 25°C
08 'v'éc=3.3v -
0.6  Ylgur) = 045V
0.4
= 02
AT KRV I
d | W [ |
Z 4, \th"H’g I r{‘ | '\M“H sn”‘J\'\” Ly W
TV A
-0.4 i ‘
08 j
-08
10 i
0 32 64 96 128 160 192 224 256
CODE
LTC1329-10/LTC1329-50
Bias Voitage Rejection
(Full-Scale Current)
05 p—
| Ta=25C
R 04 V?;(_‘=3.3V
g o3 !
« 02 : i
2 o :
2 0 LTC1329-5
5 ; | ¥ |07
5 i P
2-01 i - LTC1329-10
A 02 :
S.03
-0.4 ‘

-05 :
5 -2 -9 6 -3 0 3 B
lour BIAS VOLTAGE (V)

1529 GO7

FULL-SCALE Iyt ERROR (LSB)

(nA)

ZERO-SCALE lgut CURRENT

L7C1329-10/LTC1329-50 Full-
Scale Current vs Temperature

3 T T T
Vee = 3.3V
| Vlloyr) = 045V

|
NNl

1 ]
SN
0 b §
-1 \\
L7C1329-10
-2 \ ~

0 10 20 30 40 5 6 70
TEMPERATURE (°C)

~

1 7C1329-50

1320 GOS.

LTC1329-10/LTC1329-50
Bias Voltage Rejection
(Zero-Scale Current)

i
i
& LTC1329-50
Ll |
10 7S
0 > .| N

1 +
LTC1329-10

-40 )

~50
-15 -12

9 -6 -3 © 3 6
Jout BIAS VOLTAGE (V)

1326 GOB

FULL-SCALE gyt ERROR (LSB}

MAXIMUM Iy BIAS VOLTAGE (V)

LTC1329-10/LTC1329-50
Supply Voltage Rejection

Ry’

1
1 LTC1$V /

0 ]
( LTF1 329-10

2 T T

Tp = 26°C

V(lgyr) = 0.45V
i

|
¢
|
. | |
-2 : i :
0 1 2 3 4 5 6 7
SUPPLY VOLTAGE (V)

1329 Go&

Maximum igyr Bias Voltage

vs Supply Voltage
E LI L
6.0 1 Ta=25°C N
’ iyt = FULL-SCALE CURRENT

55 : 4

1
5.0 :
45
4.0
35
30 V% / ‘
2.5 / |
2.0 ‘

L

15
27 32 37 42 47 52 57 62 67
SUPPLY VOLTAGE (V)

1Es- PR

PIN FUNCTIONS

lour (Pin 1): DAC Current Qutput. In 3.3V or 5V systems,
the DAC current output can be biased from - 15V to 2V or

~15V to 2.5V respectively.

Ve (Pin 2): Voltage Supply (2.7V < Ve < 6.5V). This
supply must be kept free from noise and ripple by bypass-

ing directly to the ground plane.

SHDN (Pin 3): Shutdown. A logic low puts the chip
into Shutdown mode. The digital setting for the DAC is

retained.

CLK (Pin 4): Shift Clock. This clock synchronizes the serial
data in 3-wire mode. This pin has a Schmitt trigger input.

CS (Pin 5): Chip Select Input. in 3-wire mode, a logic low
on this CS pin enables the LTC1329. Upon power-up, a

logic high at CS puts the chip into pulse mode. If CS ever

next power is cycled.

goes low, the chip is configured in 3-wire mode until the

GND (Pin 6): Ground. Ground should be tied directly to a

ground plane.

Dy (UP/DN)(Pin 7): Data Input. n 3-wire mode, the DAC

data is shifted into Dyy on the rising edge of CLK. In pulse

mode, upon power-up a legic high at Dyy puts the counter
into increment-only mode. If Dy ever goes low, the

LT R
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LTC1329-10/

LTC1329-50/LTC1329A-50

PIN FUNCTIONS

counter is configured in increment/decrement mode until

the power is cycled.

Doyt (Pin 8): Data Cutput. In 3-wire mode, on every

conversion Doy serially outputs the previous 8-bit DAC
data. In pulse mode, Doyt is three-stated.

BLOCK DIRGRAM

»  LATCH VOLTAGE
POuEn oK AND REFERENGE Ap—
> LOGIC S
SHDN
UP ONLY/ b Voe
Up/BR ! |
o  LATCH s
AND +{SHON CURRENT four
» oG DAC
MODE SELECT
0 = PULSE
1= 3-WIRE
vy ¥
» CLK
CLK <18 _ 8-BIT DAC REGISTER/COUNTER
. »] UP/ON
Dy (UP/DN) CONTROL 3 -
& o Loae > o8
—_— — ~N7
SHON > Jow
9-BIT SHIFT REGISTER Dout Doyr
—*10n e
132463
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| e
CLK | W ’
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- 1o — '1
i
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Dout | 24v N S
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LTC1329-10/
LTC1329-50/LTC1329A-50

SERIAL I/0 OPERATING SEQUENCE
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Figure 1. 3-Wire Interface Timing Specification

APPLICATIONS INFORMATION
8-BIT CURRENT OUTPUT DAC

The LTC1329-10/LTC1329-50/LTC1329A-50 are 8-bit,
current output digital-to-analog (DAC) converters. For
gach part, the 8-bit DAC output is guaranteed monotonic
and is digitally adjustable in 256 equal steps. Upon power
up, the internal DAC register resets to 100000008 and the
DAC output assumes midrange. The current output (lout)
can be biased from—15Vto 2V or—15Vt0 2.5V in3.3Vand
5V systems, respectively. The LTC1329-1 0 features a full-
scale output of 10pA trimmed to +£3% at room tempera-
ture (£5% over temperature), while the LTC1329-50
features a 50pA full scale and two accuracy grades; £1%
at room temperature (+2% over temperature) for the
LTC1329A-50 and +3% at room temperature (+5% over
temperature) for the LTC1329-50. All versions include a
flexible serial digital interface which allows easy intercon-
nection to a variety of digital systems.

DIGITAL INTERFACE

Automatic Mode Selection

The LTC1329 family includes a serial interface capable of
communicating with the host system using one of three
protocols; standard 3-wire mode, a 2-wire up/down pulse
mode and a 1-wire increment-only pulse mode. The
LTC1329 family is designed to auto-configure itself de-
pending on the way data is presented to it. A diagram
illustrating this auto detection behavior is shown in Figure
2. At power-up, the interface is set to 1-wire pulse mode.

If the CS line ever goes low (as it will at the beginning of
a valid 3-wire serial transfer) the chip immediately
reconfigures itself into 3-wire mode and remains in this
mode until the next time the power is cycled. If GS stays
high, the LTC1329 family staysin pulse mode and watches
the UP/DN pin to determine whether to switch 0 2-wire
mode. If UP/DN ever goes low (as it will the first time a
“down” command is given) the chip switches into 2-wire
pulse mode and remains in this mode until the next time
the power is cycled. In a properly configured 1-wire
system, CS and UP/DN wili stay high continuously and the
LTC1329-10/LTC1329-50/LTC1329A-50 will remain in 1-
wire pulse mode. 2-wire pulse mode systems should give
a single “down” pulse sometime before the first data
puises are sent to prevent the L.TC1329 family from
staying in 1-wire mode if the first several pulses happento
be “ups”.

POWER-UP

S GOES T3 5TAYS

Low HIGH
3-WIRE MODE PULSE MODE
Dy (UP/DN) Dyy STAYS
GOES LOW HiGH
INCREMENT/ INCREMENT-
DECREMENT ONLY

21

Figure 2. LTC1329 Operating Modes
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LTC1329-10/
LTC1329-50/LTC1329A-50

APPLICATIONS INFORMATION
Standard 3-Wire Mode (Figure 3)

Refer to the Serial Interface Operating Sequence in Figure
1. When operating in 3-wire mode, the LTC1329-10/
LTC1329-50/L.TC1329A-50 willinterface directly with most
standard 3- or 4-wire serial interface systems. The clock
(CLK) input synchronizes the data transfer with each input
bit captured at the rising edge of CLK and each output data
bit shifted out through Doyt at the falling edge. A falfing
edge at CS initiates the data transfer and brings the Doyt
pinoutofthree-state. The serial 8-bit data representing the
new DAC sefting is shifted into the Dyy pin. Simulta-
neously, the previous DAC setting is shifted out of the
Doyt pin. After the new data is shifted in, a rising edge at
CS transfers the data from the input shift register into the
DAC register. The DAC output assumes the new value and
the Doyt pin returns to a high-impedance state.

lout = (B7 B6 B5 B4 B3 B2 B1 BO)lgyL scALe/255

Dy AND Digy7 CAN BE TIED TOGETHER
FOR HALF DUPLEX DATA TRANSFER

Figure 3. 3-Wire Mode; Serial Interface
(3-Wire Control by CS, CLK and Dy)

1-Wire Interface (Pulse Mode, Figure 4)

In 1-wire pulse mode, each rising edge at CLK increments
the upper six bits of the DAC register by one count. When
incramented beyond 111111008, the counter rolls over
and sets the DAC to the minimum value (000000008). In
this way, a single pulse applied to CLK increases the DAC
output by a single 4-LSB step and 63 pulses decrease the
DAC output by one step. The last two LSBs are always zero
in pulse mode.

loyt = (B7 B6 B5 B4 B3 B2 0 0)lry; Lscae/255

Toconfigurethe LTC1329-10/LTC1329-50/LTC1328A-50
in 1-wire pulse mode, tie both the CS and Dy pins to Vee.

1329404

Figure 4. Pulse Mode: Increment Only
(1-Wire Control by CLK)

2-Wire Interface (Pulse Mode, Figure 5)

In2-wire pulse mode, a logic HIGH at UP/DN programs the
DAC register to increment and each rising edge at CLK
increments the upper six bits of the register by one count.
Similarly, a logic LOW at UP/DN set the DAC register to
decrement and a rising edge at CLK decrements the upper
six bits of the register by one count. Each count in 2-wire
mode changes the DAC output by a single four LSB step.
The DAG register stops incramenting at 111111008 and
stops decrementing at 00000000B and will not rofl overin
2-wire pulse mode. The last two L SBs are always zera in
pulse mode.

lout = (B7 B6 B5 B4 B3 B2 0 0)Iry | 5cALE/255

To configure the LTC1329-10/LTC1329-50/L.TG1329A-50
in 2-wire pulse mode, tie CS 10 Ve and bring the UP/DN
pin low at least once during power-up.

L

1329 F05

Figure 5. Pulse Mode; Increment/Decrement
(2-Wire Control by CLK and UP/DN)
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LTC1329-10/
LTC1329-50/LTC1329A-50

TYPICAL APPLICATIONS
Puise Mode: Increment-Only

(1-Wire Control by CLK) with Voltage Output

AAA
LAAZ

Rrg VOO
100k

Vour —4
Vee L
Vour = (~lout)(Res + Vaias) FOR Vg = 3.3V, -15V s Vgiag S 2V
Ve < Vpias + Vour FOR Vgg = 5V, ~15V < Vgiag s 2.5V 1320 TR
Digitally Controlled Power Supply Adjustment
Vin . )| Vour
v * ¢ At 5V (150mA) TO P
Sao | amw |WET[ ) S0 S
< > 1 F N o H n
m Vin e i MPU
Ll N oW : {e.g.. 8051)
H LT1107 R Y
* > R P12
GND Swe < : 5 E
T Sk P11
1 .0
“GOILTRONICS CTX33-4 = J—

R
PART NUMBER | DESCRIPTION COMMENTS
LTC1451 12-Bit Micropower Serial Input Voyuy DAC Higher Resolution, 8-Pin SO
LTC1452 12-Bit Multiplying Serial [nput Vgyr DAC Higher Resolution, 8-Pin SO
L7C8043 12-Bit MuHiplying Serial Input gy DAC Higher Resolution, 8-Pin SO
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