TECHNOLOGY

FEATURES

Tiny: 8 DACs in the Board Space of an SO-8

= Ultralow Power: 56 A per DAC Plus 1pA Sleep
Mode for Extended Battery Life

Wide 2.7V to 5.5V Supply Range

Restores Last DAC Setting After Sleep
Asynchronous CLR Function

Rail-to-Rail Voltage Outputs Drive 1000pF
Reference Range Includes Supply for Ratiometric
0V-to-Vgg Output

= 3-Wire Serial Interface with Schmitt Trigger Inputs
and Daisy-Chain Capability

Differential Nonlinearity: <+0.5LSB Max

Pin Compatible with the 10-Bit LTC1660

APPLICATIONS

= Mobile Communications

Digitally Controlled Amplifiers and Attenuators
Portable Battery-Powered Instruments
Automatic Calibration for Manufacturing
Remote Industrial Devices

INITIAL RELEASE

Final Electrical Specifications
LTC 1665

Micropower Octal 8-Bit DAC
February 1999

DESCRIPTION

The LTC®1665 integrates eight accurate, addressable,
8-bit digital-to-analog converters (DACs) in a single tiny
16-pin narrow SSOP package. Each buffered DAC con-
sumes just S56pA total supply current, yet is capable of
supplying DC output currents in excess of 5mA and
reliably driving capacitive loads up to 1000pF. Sleep
mode further reduces total supply current to a negligible

1pA.
Linear Technology’s proprietary, inherently monotonic

architecture provides excellent linearity while allowing
for an exceptionally small external form factor.

Ultralow supply current, power-saving Sleep mode and
extremely compact size make the LTC1665 ideal for
battery-powered applications, while its straightforward
usability, high performance and wide supply range make
it an excellent choice as a general purpose converter.

For higher resolution, please refer to the pin compatible
LTC1660 micropower octal 10-bit DAC.

LT, LTC and LT are registered trademarks of Linear Technology Corporation.
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LTC 1665

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)

Vg 10 GND e -0.5Vto 7.5V TOP VIEW ORDER PART
Logic Inputs 10 GND .....cocvvveeeveeee -0.5Vto 7.5V GNDE %Vcc NUMBER
Vout A Vouts---VouT Hs Voura L2 15] VoutH

Rgg to GI\? B ......... OU .................... ~0.2V to (Vg + 0.2V) Vours [3] [14] Voure Hg] ggggﬁ”
Maximum Junction Temperature ....................... 125°C Vourc [4] 15 Vour LTC1665/GN
Operating Temperature Range Vouro [5] 12] voure LTC1665IN

LTCAB65C v 0°C to 70°C - % % .

LTC1665] ..., -40°C to 85°C ok [2] aly GN PART
Storage Temperature Range ................ —65°C to 150°C MARKING
Lead Temperature (Soldering, 10 Sec)................ 300°C L P S0P 161 r s

T 2, G 100°60 () 1665
Consult factory for Military grade parts.
E€LECTRICAL CHARACTERISTICS
Vee =2.7V 10 5.5V, Vggr < Ve, Voyr Unloaded, Ty = Ty to Tyax, unless otherwise noted.
SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Accuracy
Resolution o 8 Bits
Monotonicity VRer < Ve — 0.1V (Note 2) o 8 Bits
DNL Differential Nonlinearity VRer € Ve — 0.1V (Note 2) . +0.1 +0.5 LSB
INL Integral Nonlinearity VRer < Voo = 0.1V (Note 2) . +0.2 +1. LSB
Vos Offset Error Measured at Code 4 o +4 +30 mV
Vs Temperature Coefficient +15 /A
FSE Full-Scale Error Ve =9V, VRer = 4.096V o +1 14 LSB
Full-Scale Error Temperature Coefficient +30 uv/°C
Reference Input
Input Voltage Range o 0 Vee v
Resistance Not in Sleep Mode ° 35 65 kQ
Capacitance (Note 6) 15 pF
IREF Reference Current Sleep Mode o 0.001 1 LA
Power Supply
Vo Positive Supply Voltage For Specified Performance o 2.7 55 V
Ico Supply Current Vo =5V (Note 3) o 450 730 pA
Vg = 3V (Note 3) . 340 550 PA
Sleep Mode (Note 3) o 1 3 PA
DC Performance
Short-Circuit Current Low Vout = 0V, Vgg = VRrer = 5V, Code = 255 . 10 30 100 mA
Short-Circuit Current High Vout = Ve = VRer =5V, Code = 0 . 10 27 120 mA
AC Performance
Voltage Output Slew Rate Rising (Notes 4, 5) 0.60 V/ps
Falling (Notes 4, 5) 0.25 V/ps
Voltage Output Settling Time To £0.5LSB (Notes 4, 5) 30 ys
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LTC 1665

ELECTRICAL CHARACTERISTICS

Vge =2.7V 10 5.5V, VRer < Vg, Voyt Unloaded, Ty = Ty to Tyax, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Digital /0
Vi Digital Input High Voltage Voo =2.7V10 5.5V . 2.4 v
Voo =2.7V 10 3.6V . 2.0 Vv
Vi Digital Input Low Voltage Vo = 4.5V 10 5.5V o 0.8 V
Voo =2.7V1t0 5.5V . 0.6 Vv
Von Digital Output High Voltage lgut = —1mA, Doyt Only o | Vgo—1 v
VoL Digital Output Low Voltage lgut = TmA, Doyt Only o 04 V
Ik Digital Input Leakage Vin = GND to Vg o +10 VA
Cin Digital Input Capacitance (Note 6) o 10 pF
TIMING CHARACTERISTICS  (see Figure 1)
SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Ve =4.5V10 5.5V
1y Dy Valid to CLK Setup o 40 15 ns
1o Dy Valid to CLK Hold . 0 -1 ns
t3 CLK High Time (Note 6) . 30 5 ns
t4 CLK Low Time (Note 6) . 30 7 ns
ts CS/LD Pulse Width (Note 6) | 80 30 ns
te LSB CLK High to CS/LD High (Note 6) . 30 4 ns
t; CS/LD Low to CLK High (Note 6) | 80 26 ns
tg Doyt Propagation Delay Croap = 15pF (Note 6) o 5 26 80 ns
tg CLK Low to CS/LD Low (Note 6) . 20 0 ns
tio CLR Pulse Width (Note 6) o | 100 37 ns
ty1 CS/LD High to CLK Positive Edge (Note 6) . 30 0 ns
Ve =2.7V 10 5.5V
ty Dy Valid to CLK Setup (Note 6) o 60 20 ns
to Dy Valid to CLK Hold (Note 6) . 0 -14 ns
t3 CLK High Time (Note 6) . 50 8 ns
14 CLK Low Time (Note 6) o 50 12 ns
t5 CS/LD Pulse Width (Note 6) . 100 30 ns
tg LSB CLK High to CS/LD High (Note 6) . 50 5 ns
t7 CS/LD Low to CLK High (Note 6) . 100 27 ns
tg Doyt Propagation Delay Croap = 15pF (Note 6) . 5 47 150 ns
tg CLK Low to CS/LD Low (Note 6) . 30 0 ns
to CLR Pulse Width (Note 6) o | 120 41 ns
t11 CS/LD High to CLK Positive Edge (Note 6) . 30 0 ns
The e denotes specifications which apply over the full operating Note 3: Digital inputs at 0V or Vgg.

temperature range.

Note 4: Load is 10kQ in parallel with 100pF.

Note 1: Absolute maximum ratings are those values beyond which the life Note 5: Ve = Ver = 5V. DAC switched between 0.1Vgg and 0.9Vfg,

of a device may be impaired.

i.e., codes k = 26 and k = 230.

Note 2: Nonlinearity and monotonicity are defined from code 4 to code Note 6: Guaranteed by design and not subject to test.

255 (full scale). See Applications Information.
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LTC 1665

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1665

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1665

TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

GND (Pin 1): System Ground.

Vout a to Voyt 4 (Pins 2-5 and 12-15): DAC Analog
Voltage Outputs. The output range is

(550

0t
0 %EVREF

REF (Pin 6): Reference Voltage Input. OV < Vggr < V.

CS/LD (Pin 7): Serial Interface Chip Select/Load Input.
When CS/LD is low, CLK is enabled for shifting data on Dy
into the register. When CS/LD is pulled high, CLK is
disabled and data is loaded from the shift register into the
specified DAC register(s), updating the analog output(s).
CMOS and TTL compatible.

CLK (Pin 8): Serial Interface Clock Input. CMOS and TTL
compatible.

Dy (Pin 9): Serial Interface Data Input. Data on the Dy pin
is shifted into the 16-bit register on the rising edge of CLK.
CMOS and TTL compatible.

Doyt (Pin 10): Serial Interface Data Output. Data appears
on Doyt 16 positive CLK edges after being applied to Dyy.
May be tied to Dyy of another LTG1665 for daisy-chain
operaton. CMOS and TTL compatible.

CLR (Pin11): Asynchronous Clear Input. All internal shift
and DAC registers are cleared to zero at the falling edge of
the GLR signal, forcing the analog outputs to zero scale.
CMOS and TTL compatible.

Vec (Pin 16): Supply Voltage Input. 2.7V < Vg < 5.5V.
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LTC 1665

DEFINITIONS

Differential Nonlinearity (DNL): The difference between
the measured change and the ideal 1LSB change for any
two adjacent codes. The DNL error between any two codes
is calculated as follows:

DNL = (AVqyr - LSB)/LSB

Where AVqyris the measured voltage difference between
two adjacent codes.

Digital Feedthrough: The glitch that appears at the analog
output caused by AC coupling from the digital inputs when
they change state. The area of the glitch is specified in
(nV)(sec).

Full-Scale Error (FSE): The deviation of the actual full-
scale voltage from ideal. FSE includes the effects of offset
and gain errors (see Applications Information).

Integral Nonlinearity (INL): The deviation from a straight
line passing through the endpoints of the DAC transfer
curve (Endpoint INL). Because the output cannot go below
zero, the linearity is measured between full scale and the
lowest code which guarantees the output will be greater

than zero. The INL error at a given input code is calculated
as follows:

INL = [Vout — Vos — (Vrs — Vps)(code/255)]/LSB

Where Vgyr is the output voltage of the DAC measured at
the given input code.

Least Significant Bit (LSB): The ideal voltage difference
between two successive codes.

LSB = VRgr/256

Resolution (n): Defines the number of DAC output states
(2") that divide the full-scale range. Resolution does not
imply linearity.

Voltage Offset Error (Vgs): Nominally, the voltage at the
output when the DAC is loaded with all zeros. A single
supply DAC can have atrue negative offset, but the output
cannot go below zero (see Applications Information).

For this reason, single supply DAC offset is measured at
the lowest code that guarantees the output will be greater
than zero.
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LTC 1665

TIMING DIAGRM
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Figure 1

OPERATION

Transfer Function
The ideal transfer function for the LTC1665 is

Ok O
Vout(peay) = %E\/REF

where k is the decimal equivalent of the binary DAC input
code D7-D0 and VRgr is the voltage at REF (Pin 6).

Power-0On Reset

The LTC1665 positively clears the outputs to zero scale
when power is first applied, making system initialization
consistent and repeatable.

Power Supply Sequencing

The voltage at REF (Pin 6) must notever exceed the voltage
at Vg (Pin 16) by more than 0.2V. Particular care should
be taken to assure that this limit is observed during power
supply turn-on and turn-off sequences. See Absolute
Maximum Ratings section.

Serial Interface

Referring to Figure 2: With CS/LD held low, dataonthe Dy
inputis shifted into the 16-bit shift register on the positive
edge of CLK. The 4-bit DAC address, A3-A0, is loaded first
(see Table 2), then the 8-bit input code, D7-DO0, ordered
MSB-to-LSB in each case. Four don’t-care bits, X3-X0,
are loaded last. When the full 16-bit word has been shifted

in, CS/LD is pulled high, loading the DAC register with the
word and causing the addressed DAC output(s) to update.
The clock is disabled internally when CS/LD is high. Note:
CLK must be low before CS/LD is pulled low.

The buffered serial output of the shift register is available
on the Doyt pin, which swings from GND to Vgc. Data
appears on Doyt 16 positive CLK edges after being applied
to Dy.

Multiple LTG1665’s can be controlled from a single 3-wire
serial port (i.e., CLK, Dyyand CS/LD) by using the included
“daisy-chain” facility. A series of mchips is configured by
connecting each Dqyt (except the last) to Dyy of the next
chip, forming a single 16m-bit shift register. The CLK and
CS/LD signals are common to all chips in the chain. In use,
CS/LD is held low while m 16-bit words are clocked to Dy
of the first chip; CS/LD is then pulled high, updating all of
them simultaneously.

Sleep Mode

DAC address 1110y is reserved for the special Sleep
instruction (see Table 2). In this mode, internal bias
currents are disabled while all digital circuitry stays fully
active; static power consumption is thus virtually
eliminated. The analog outputs are setinahighimpedance
state and all DAC settings are retained in memory so that
when Sleep mode is exited, the outputs of DACs not
updated by the Wake command are restored to their last
active state.

8
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LTC 1665

OPERATION

CLK

D
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ADDRESS/CONTROL INPUT CODE DON'T CARE

INPUT WORD Wq
TS/LD (ENABLE GLK) T (UPDATE OUTPUT)
A 4
DHDOO0O000000000C
INPUT WORD W_4 INPUT WORD W

1660 F02

Figure 2. Register Loading Sequence

Table 1. LTC1665 Input Word Table 2. DAC Address/Control Functions
|A3|A2| A1]A0|D7|D6|D5|D4|D3|D2| D1 |D0| X3| X2 | X1 X0 ADDRESS/CONTROL
—— A3 A2 Al A0 | DACSTATUS | SLEEP STATUS
Address/Control Input Code Don’t Care 0 0 0 0 No Change Wake
L . 0 0 0 1 Load DAC A Wake
Sleep mode is initiated by performing a load sequence to
. . 0 0 1 0 Load DACB Wake
address 1110y (the DAC input word D7-D0 is ignored). ) ) 1 1 a0 DAC G Wake
Oncein Sleep mode, aload sequence to any other address " 1 ) ) ol DACD Wk
(including “No Change” addresses 0000, and 1001-1101;) o e
causes the LTC1665 to Wake. It is possible to keep one or ¢ 1 0 1 Load DAC E Wake
more chips of a daisy chain in continuous Sleep mode by o 1 1 0 Load DAC F Wake
giving the Sleep instruction to these chips each time the 0 11 Load DAC G Wake
active chips in the chain are updated. 1 0 0 0 Load DAC H Wake
1 0 0 1 No Change Wake
Voltage Outputs 1 0 1 0 No Change Wake
Each of the eight rail-to-rail output amplifiers contained in ! 0 ! ! No Change Wake
the LTC1665 can source or sink up to 5mA. The outputs ! 10 0 No Change Wake
swing to within a few millivolts of either supply rail when 1 1 6 1 No Change Wake
unloaded and have an equivalent output resistance of 85Q 1 1 1 0 No Change Sleep
when driving a load to the rails. The output amplifiers are 1 1 1 1 Loao_'tﬁLSL DACs Wake
stable driving capacitive loads up to 1000pF. 8.Bit Cod

A small resistor placed in series with the output can be
used to achieve stability for any load capacitance. For
example, a 0.1uF load can be successfully driven by
inserting a 110Q resistor. The phase margin of the result-
ing circuit is 45°, and increases monotonically from this
pointif larger values of resistance, capacitance or both are
substituted for the values given.

LY IR 9




LTC 1665
APPLICATIONS INFORMATION

Rail-to-Rail Output Considerations (FSE) is positive, the output for the highest codes limits at
In any rail-to-rail DAC, the output is limited to voltages \1{%/0 asgh?wn ',[T]F'gt‘/re 3_c.FI\SIcEfuII-scaIe limiting can occur
within the supply range. ' VRer 1S 1655 than Ve '

If the DAC offset is negative, the output for the lowest Offsetand linearity are defined and tested over the region
codes limits at 0V as shown i’n Figure 3 of the DAC transfer function where no output limiting can

occeur.
Similarly, limiting can occur near full scale when the REF
pinistied to V. If Vger = Vg and the DAC full-scale error

td
.-~ || posITIVE
VRer = Vce Rad FSE
,,,,,,,,,,,,,,,,,,, Pras
OUTPUT
VOLTAGE
INPUT CODE

(c)
VRer = Voo 4 7

OUTPUT
VOLTAGE

<::é/// 128 255
INPUT CODE
(a)

OUTPUT
VOLTAGE

oV —=
NEGATIVE -7 INPUT CODE
OFFSET IR

v (b) 1665 FO3

Figure 3. Effects of Rail-to-Rail Operation On a DAC Transfer Curve. (a) Overall Transfer Function (b) Effect of Negative
Offset for Codes Near Zero Scale (c) Effect of Positive Full-Scale Error for Input Codes Near Full Scale When Vggp = Vg
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LTC 1665

PACKAGE DESCRIPTION

GN Package
16-Lead Plastic SSOP (Narrow 0.150)
(LTC DWG # 05-08-1641)

Dimensions in inches (millimeters) unless otherwise noted.

0.189-0.196
4801-4978
( ) 0.009
(0.229)
16 15 14 13 12 11 109 REF

0.229 - 0.244
(5.817-6.198)

0.150 - 0.157**
(3.810 - 3.988)

0.015+0.004 45°

ol 1< 0.015:£0.004
(0.380.10)

0.053 - 0.068
(1.351-1.727)

S

:

0.004 - 0.0098
(0.102 - 0.249)

0.007 - 0.0098 o qo
[ -
}

|
:

‘ ‘ 0.016-0.050 0.008 - 0.012 ‘ 0.025
V- (0.406 - 1.270) (0.203 - 0.305) ‘ ‘e = (0635)
BSC
* DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE s ss0p 8
** DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
N Package
16-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)
0.70* _
(19.558)
MAX
bel [1s] [14] [13] [12] [n1] [10] [o]

0.255 £ 0.015
(6.477 +0.381)

D

Ul L2] [o] Laf s] [e] [7]

le]

0.300 - 0.325 0.130 + 0.005 0.045 — 0.065
(7.620 - 8.255) (3.302+0.127) (1143 -1.651) ‘ ‘ i
0.020 | ‘ I
(0508) ?
MIN T 0.065
0.009-0.015 | T (1:651)
(0.229 - 0.381) VP
BERECST P
0.125 0.100 +0.010 H 0.018 + 0.003
+0.889 o EA0 £ 0 0Rd) -~ - 0457+ 0076
8.255 (3.175) (2.540 + 0.254) (0.457 + 0.076)
-0.381 MIN
N16 1197

*“THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm)
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LTC 1665

TYPICAL APPLICATION

4-Channel DAC with Increased Resolution

LTC1665
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RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS

LTC1660 Octal 10-Bit Vgyt DAC in 16-Pin Narrow SSOP Vg = 2.7V to 5.5V Micropower Rail-to-Rail Output

LTC1661 Dual 10-Bit Vgt DAC in 8-Lead MSOP Package Vg = 2.7V to 5.5V Micropower Rail-to-Rail Output

LTC1446/LTC1446L | Dual 12-Bit Voyr DACs in SO-8 Package with Internal Reference LTC1446: Ve = 4.5V t0 5.5V, Vgyt = 0V to 4.095V
LTC1446L: Vg = 2.7V 10 5.5V, Vgyr = 0V to 2.5V

LTC1448 Dual 12-Bit Vqyt DAC in SO-8 Package Vg = 2.7V to 5.5V, External Reference Can Be Tied to Vg

LTC1454/LTC1454L | Dual 12-Bit Voyt DACs in SO-16 Package with Added Functionality | LTC1454: Vg = 4.5V to 5.5V, Vgyt = 0V to 4.095V
LTC1454L: Vg = 2.7V 10 5.5V, Vgyt = 0V to 2.5V

LTC1458/LTC1458L | Quad 12-Bit Rail-to-Rail Output DACs with Added Functionality LTC1458: Ve = 4.5V t0 5.5V, Vgyt = 0V to 4.095V
LTC1458L: Vg = 2.7V 10 5.5V, Vgyt = 0V to 2.5V

LTC1590 Dual 12-Bit gyt DAC in SO-16 Package Ve = 4.5V to 5.5V, 4-Quadrant Multiplication

LTC1659 Single Rail-to-Rail 12-Bit Vgyt DAC in 8-Lead MSOP Package Low Power Multiplying Voyt DAC. Output Swings from

Vee: 2.7V 10 5.5V GND to REF. REF Input Can Be Tied to Vg
LT1460 Micropower Precision Series Reference, 2.5V, 5V, 10V Versions 0.075% Max, 10ppm/°C Max, Only 130pA Supply Current
1 Llneal’ Technology Corporatlon 1665i LT/TP 02994K°PRINTE|_D|I|N1THE USA
1630 McCarthy Blvd., Milpitas, CA 95035-7417 L’ TECHNOLOGY
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