TECHNOLOGY

FEATURES

Tiny 3mm x 3mm 8-Pin DFN Package

Maximum 16-Bit INL Error: +1LSB over Temperature
Low 120pA Supply Current

Guaranteed Monotonic over Temperature

Low 0.5nVesec Glitch Impulse

2.7V t0 5.5V Single Supply Operation

Fast 1ps Settling Time to 16 Bits

Unbuffered Voltage Output Directly Drives 60k Loads
50MHz SPI/QSPI/MICROWIRE Compatible

Serial Interface

Power-On Reset Clears DAC Output to Zero Scale
(LTC2641) or Midscale (LTC2642)

m Schmitt-Trigger Inputs for Direct Optocoupler
Interface

Asynchronous CLR Pin

8-Lead MSOP and 3mm x 3mm DFN Packages
(LTC2641)

® 10-Lead MSOP and 3mm x 3mm DFN Packages
(LTC2642)

APPLICATIONS

High Resolution Offset and Gain Adjustment
Process Control and Industrial Automation
Automatic Test Equipment

Data Acquisition Systems

Ll”t / \D LTC2641/LTC2642

16-/14-/12-Bit Voyr DACs in
3mm x 3mm DFN

DESCRIPTION

The LTC®2641/LTC2642 are families of 16-, 14-and 12-bit
unbufferedvoltage output DACs. These DACs operate from
a single 2.7V to 5.5V supply and are guaranteed mono-
tonic over temperature. The LTC2641A-16/LTC2642A-16
provide 16-bit performance (+1LSB INL and +1LSB DNL)
over temperature. Unbuffered DAC outputs result in low
supply current of 120pA and a low offset error of +1LSB.

Both the LTC2641 and LTC2642 feature a reference input
range of 2V to Vpp. Vouyt swings from OV to VRgg. For
bipolar operation, the LTC2642 includes matched scaling
resistors for use with an external precision op amp (such
as the LT1678), generating a +Vggr output swing at Reg.

The LTC2641/LTC2642 use a simple SPI/MICROWIRE
compatible 3-wire serial interface which can be operated
at clock rates up to 50MHz and can interface directly
with optocouplers for applications requiring isolation. A
power-on reset circuit clears the LTC2641’s DAC output
to zero scale and the LTC2642’s DAC output to midscale
when power is initially applied. A logic low on the CLR pin
asynchronously clears the DAC to zero scale (LTC2641)
or midscale (LTC2642). These DACs are all specified over
the commercial and industrial ranges.

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
SoftSpan is a trademark of Linear Technology Corporation. All other trademarks are the
property of their respective owners.
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LTC2641/LTC2642

ABSOLUTE MAXIMUM RATINGS

(Note 1)
VDD tO GND oo -0.3Vto 6V  Operating Temperature Range
GS, SCLK, DIN, LTC2641C/LTC2642C..........c.cocoevevevrnee 0°Cto 70°C
CLRt0 GND....cocvvvvre. -0.3Vto (Vpp + 0.3V) or 6V LTC26411/LTC2642I ..........cocoeverernne. -40°C to 85°C
REF, Vouyr, INVto GND......... -0.3Vto (Vpp + 0.3V) or 6V Maximum Junction Temperature (Note 2) ............ 125°C
REBIO INV e, -6Vto 6V  Storage Temperature Range .................. -65°C to 150°C
REBIO GND ..o -6V to 6V  Lead Temperature (Soldering, 10 SEC)................... 300°C
GND to GND (S8 Package) OBSOLETE ....-0.3V to 0.3V
PIN CONFIGURATION
LTC2641 LTC2641 LTC2641
TOP VIEW TOP VIEW
ree[T1 (7 i i8] anp TOP VIEW Vour [1] 8] Voo
esfa1 | ' 7] oo REF 100 18 GND GND [2] 7] 6ND
sokfal | | 6] vour Soik a0 Spav Re 2] 6] DIN
pINf4l | I 5] ciR DIN 40 15 CLR TS [4] [ 5] SCLK
=) I_ _______ H L
DD PACKAGE 8'LE'\AA§8PLP‘A\\S¥'%G'5'SOP B—LESEDPéfﬁl\(éPIE S0
8-LEAD (3mm x 3mm) PLASTIC DFN Tomax = 125°C (NOTE 2), 6,4 = 120°C/W Tymax = 125°C, 8,4 = 110°C/W
EXPOSED PA P19 15 GND, MUST E S0L DERED T0 Pes OBSOLETE PACKAGE
LTC2642 LTC2642
TOP VIEW
L, 7T =
REF [1] | | 110} eno TOP VIEW
v Pl I 9] voo REF 1 110 GND
e T L2 Selk 35 SHE
DIN [4] : I Y DIN 40 17 INV
CLR -_5__]| | : |l__6_- Vout CLR 5O 16 Vour
— MS PACKAGE
DD PACKAGE 10-LEAD PLASTIC MSOP
10-LEAD (3mm x 3mm) PLASTIC DFN T = 125°C (NOTE 2, 031 = 120°C/W
Tyuax = 125°C (NOTE 2), 044 = 43°C/W
EXPOSED PAD (PIN 11) IS GND, MUST BE SOLDERED TO PCB
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LTC2641/LT1C2642

ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2641ACDD-16#PBF LTC2641ACDD-16#TRPBF | LCZP 8-Lead (3mm x 3mm) Plastic DFN 0°Cto 70°C
LTC2641CDD-16#PBF LTC2641CDD-16#TRPBF LCzP 8-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2641CDD-14#PBF LTC2641CDD-14#TRPBF LCZN 8-Lead (3mm x 3mm) Plastic DFN 0°Cto 70°C
LTC2641CDD-12#PBF LTC2641CDD-12#TRPBF LCZM 8-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2641AIDD-16#PBF LTC2641AIDD-16#TRPBF | LCZP 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC26411DD-16#PBF LTC2641IDD-16#TRPBF LCzP 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC2641IDD-14#PBF LTC26411DD-14#TRPBF LCZN 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC26411DD-12#PBF LTC26411DD-12#TRPBF LCZM 8-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC2641ACMS8-16#PBF | LTC2641ACMS8-16#TRPBF | LTCZS 8-Lead Plastic MSOP 0°Cto 70°C
LTC2641CMS8-16#PBF LTC2641CMS8-16#TRPBF | LTCZS 8-Lead Plastic MSOP 0°Cto 70°C
LTC2641CMS8-14#PBF LTC2641CMS8-14#TRPBF | LTCZR 8-Lead Plastic MSOP 0°Cto 70°C
LTC2641CMS8-12#PBF LTC2641CMS8-12#TRPBF | LTCZQ 8-Lead Plastic MSOP 0°Cto 70°C
LTC2641AIMS8-16#PBF | LTC2641AIMS8-16#TRPBF | LTCZS 8-Lead Plastic MSOP -40°C to 85°C
LTC26411MS8-16#PBF LTC2641IMS8-16#TRPBF | LTCZS 8-Lead Plastic MSOP -40°C to 85°C
LTC2641IMS8-14#PBF LTC2641IMS8-14#TRPBF | LTCZR 8-Lead Plastic MSOP -40°C to 85°C
LTC2641IMS8-12#PBF LTC2641IMS8-12#TRPBF | LTCZQ 8-Lead Plastic MSOP -40°C to 85°C
LTC2642ACDD-16#PBF LTC2642ACDD-16#TRPBF | LCZW 10-Lead (3mm x 3mm) Plastic DFN 0°Cto 70°C
LTC2642CDD-16#PBF LTC2642CDD-16#TRPBF LCZW 10-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2642CDD-14#PBF LTC2642CDD-14#TRPBF LCzv 10-Lead (3mm x 3mm) Plastic DFN 0°Cto 70°C
LTC2642CDD-12#PBF LTC2642CDD-12#TRPBF LCZT 10-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2642AIDD-16#PBF LTC2642AIDD-16#TRPBF | LCZW 10-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC26421DD-16#PBF LTC26421DD-16#TRPBF LCZW 10-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC26421DD-14#PBF LTC26421DD-14#TRPBF LCzv 10-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC26421DD-12#PBF LTC26421DD-12#TRPBF LCZT 10-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C
LTC2642ACMS-16#PBF LTC2642ACMS-16#TRPBF | LTCZZ 10-Lead Plastic MSOP 0°Cto 70°C
LTC2642CMS-16#PBF LTC2642CMS-16#TRPBF | LTCZZ 10-Lead Plastic MSOP 0°Cto 70°C
LTC2642CMS-14#PBF LTC2642CMS-14#TRPBF | LTCZY 10-Lead Plastic MSOP 0°Cto 70°C
LTC2642CMS-12#PBF LTC2642CMS-12#TRPBF | LTCZX 10-Lead Plastic MSOP 0°C to 70°C
LTC2642AIMS-16#PBF LTC2642AIMS-16#TRPBF | LTCZZ 10-Lead Plastic MSOP -40°C to 85°C
LTC2642IMS-16#PBF LTC2642IMS-16#TRPBF LTCZZ 10-Lead Plastic MSOP -40°C to 85°C
LTC2642IMS-14#PBF LTC2642IMS-14#TRPBF LTCzZY 10-Lead Plastic MSOP -40°C to 85°C
LTC2642IMS-12#PBF LTC2642IMS-12#TRPBF LTCZX 10-Lead Plastic MSOP -40°C to 85°C
OBSOLETE
LTC2641CS8-16#PBF LTC2641CS8-16#TRPBF 264116 8-Lead Plastic SO 0°C to 70°C
LTC26411S8-16#PBF LTC26411S8-16#TRPBF 264116 8-Lead Plastic SO -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.
Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTC2641/L.TC2642
GLGCTBICHL CHHBHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 3V or 5V, Vggr = 2.5V, G = 10pF, GND = 0, R = - unless
otherwise specified.

LTC2641-12 LTC2641-14 LTC2641-16 LTC2641A-16
LTC2642-12 LTC2642-14 LTC2642-16 LTC2642A-16
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX|MIN TYP MAX [ MIN TYP MAX | UNITS
Static Performance
N Resolution e 12 14 16 16 Bits
Monotonicity e 12 14 16 16 Bits
DNL Differential Nonlinearity (Note 3) ° + 05 +1 05  #1 +0 +1 LSB
INL Integral Nonlinearity (Note 3) ° + +05 1 +0.5 +2 +0 +1 LSB
ZSE Zero Code Offset Error Code=0 ° 2 2 2 LSB
ZS1¢ Zero Code Tempco +0.05 +0.05 +0.05 +0.05 ppm/°C
GE Gain Error ) £0.5 +£2 1 #4 +2 +5 +2 +9 LSB
GErg Gain Error Tempco +0.1 +0.1 0.1 0.1 ppm/°C
Rout DAC Qutput Resistance (Note 4) 6.2 6.2 6.2 6.2 kQ
Bipolar Resistor Matching | (LTC2642) Rrg/Rinv 1 1 1 1
Ratio Error (Note 7) | @ +0.1 +0.03 +0.015 +0.015 %
BZE Bipolar Zero Offset Error | (LTC2642) ° 05 2 05 4 2 5 2 5 LSB
BZStc | Bipolar Zero Tempco (LTC2642) +0.1 +0.1 +0.1 +0.1 ppm/°C
PSR Power Supply Rejection AVpp = £10% ® +0.5 0.5 +1 +1 LSB

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.
Vipp =3V or 5V, Vggr = 2.5V, G, = 10pF, GND =0, R, = « unless otherwise specified.

SYMBOL PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Reference Input
VREF Reference Input Range ) 2.0 Vb v
RRer Reference Input Resistance (Note 5) Unipolar Mode (LTC2641) o 11 14.8 kQ
Bipolar Mode (LTC2642) ° 8.5 1.4 kQ
Dynamic Performance—Vqyr
SR Voltage Output Slew Rate Measured from 10% to 90% 15 Vius
Output Settling Time To +0.5LSB of FS 1 us
DAC Glitch Impulse Major Carry Transition 0.5 n\Ves
Digital Feedthrough Code = 0000hex; NCS = Vpp; 0.2 n\/es
SCLK, DIN OV to Vpp Levels
Output Voltage Noise Density 10 nV/AHz
Dynamic Performance—Reference Input
BW Reference —3dB Bandwidth Code = FFFFhex 1.3 MHz
Reference Feedthrough Code = 0000hex, VRgr = 1Vp.p at 100kHz 1 mVp.p
SNR Signal-to-Noise Ratio 92 aB
Cinrer) Reference Input Capacitance Code = 0000hex 75 pF
Code = FFFFhex 120 pF
Digital Inputs
Viy Digital Input High Voltage Voo = 3.6V 10 5.5V ® 2.4 v
Voo =2.7V10 3.6V () 2.0 v
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LTC2641/LT1C2642

GLGCTBICHL CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 3V or 5V, Vggr = 2.5V, G = 10pF, GND =0, R, = - unless

otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vi Digital Input Low Voltage Voo =4.5V10 5.5V o 0.8 V
Voo = 2.7V t0 4.5V ° 0.6 v
I Digital Input Current Vin = GND to Vpp o +1 HA
Cin Digital Input Capacitance (Note 6) ° 3 10 pF
Vy Hysteresis Voltage 0.15 V
Power Supply
Vo Supply Voltage o 2.7 5.5 V
Ipp Supply Current, Vpp Digital Inputs = OV or Vpp o 120 200 HA
Po Power Dissipation Digital Inputs = OV or Vpp, Vpp = 5V 0.60 mWw
Digital Inputs = OV or Vpp, Vpp = 3V 0.36 mW

TlmlnG CHHRHCTGBBT'CS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vpp = 3V or 5V, Vger = 2.5V, G = 10pF, GND = 0, R = « unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
t DIN Valid to SCLK Setup Time o 10 ns
to DIN Valid to SCLK Hold Time o ns
t3 SCLK Pulse Width High o ns
iy SCLK Pulse Width Low ] ns
ts CS Pulse High Width ) 10 ns
tg LSB SCLK High to CS High ° 8 ns
t; CS Low to SCLK High ) 8 ns
tg CS High to SCLK Positive Edge ) 8 ns
tg CLR Pulse Width Low ) 15 ns
fscLk SCLK Frequency 50% Duty Cycle o 50 MHz

Vpp High to CS Low (Power-Up Delay) 30 Hs

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: Continuous operation above the specified maximum operating
junction temperature may impair device reliability.

Note 3: LTC2641-16/LTC2642-16 +1LSB = +0.0015% = +15.3ppm of full

scale. LTC2641-14/LTC2642-14 +1LSB = +0.006% = +61ppm of full scale.

LTC2641-12/LTC2642-12 +1LSB = +0.024% = +244ppm of full scale.

Note 4: Rgyt tolerance is typically +20%.

Note 5: Reference input resistance is code dependent. Minimum is at
871Chex (34,588) in unipolar mode and at 671Chex (26, 396) in bipolar
mode.

Note 6: Guaranteed by design and not production tested.

Note 7: Guaranteed by gain error and offset error testing, not production
tested.

26412fd
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LTC2641/LTC2642

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2641/LT1C2642

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2641/LTC2642

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC2641/LT1C2642

PIN FUNCTIONS

LTC2641 - MSOP, DFN Packages

REF (Pin 1): Reference Voltage Input. Apply an external
reference at REF between 2V and Vpp.

CS (Pin 2): Serial Interface Chip Select/Load Input. When
CS is low, SCLK is enabled for shifting in data on DIN.
When CS is taken high, SCLK is disabled, the 16-bit input
word is latched and the DAC is updated.

SCLK (Pin 3): Serial Interface Clock Input. CMOS and
TTL compatible.

DIN (Pin 4): Serial Interface Data Input. Data is applied to
DIN for transfer to the device at the rising edge of SCLK.

CLR (Pin 5): Asynchronous Clear Input. A logic low clears
the DAC to code 0.

Vourt (Pin 6): DAC Output Voltage. The output range is
0V 10 VREE.

Vpp (Pin 7): Supply Voltage. Set between 2.7V and 5.5V.
GND (Pin 8): Circuit Ground.

Exposed Pad (DFN Pin 9): Circuit Ground. Must be sol-
dered to PCB ground.

LTC2641 - SO Package OBSOLETE

Vour (Pin 1): DAC Output Voltage. The output range is
0V to VRer.

GND (Pin 2): Circuit Ground.

REF (Pin 3): Reference Voltage Input. Apply an external
reference at REF between 2V and Vpp.

CS (Pin 4): Serial Interface Chip Select/Load Input. When
CS is low, SCLK is enabled for shifting in data on DIN.
When CS is taken high, SCLK is disabled, the 16-bit input
word is latched and the DAC is updated.

SCLK (Pin 5): Serial Interface Clock Input. CMOS and
TTL compatible.

DIN (Pin 6): Serial Interface Data Input. Data is applied to
DIN for transfer to the device at the rising edge of SCLK.

GND (Pin 7): Circuit Ground Pin. Must be connected to
Pin 2 (GND).

Vpp (Pin 8): Supply Voltage. Set between 2.7V and 5.5V.

LTC2642 - MSOP, DFN Packages

REF (Pin 1): Reference Voltage Input. Apply an external
reference at REF between 2V and Vpp.

CS (Pin 2): Serial Interface Chip Select/Load Input. When
CS is low, SCLK is enabled for shifting in data on DIN.
When CS is taken high, SCLK is disabled, the 16-bit input
word is latched and the DAC is updated.

SCLK (Pin 3): Serial Interface Clock Input. CMOS and
TTL compatible.

DIN (Pin 4): Serial Interface Data Input. Data is applied to
DIN for transfer to the device at the rising edge of SCLK.

CLR (Pin5): Asynchronous Clear Input. A logic low clears
the DAC to midscale.

Vour (Pin 6): DAC Output Voltage. The output range is
0V to VRgr.

INV (Pin 7): Center Tap of Internal Scaling Resistors.
Connect to an external amplifier’s inverting input in bi-
polar mode.

Reg (Pin 8): Feedback Resistor. Connect to an external
amplifier’s output in bipolar mode. The bipolar output
range is —VRer to VRer.

Vpp (Pin 9): Supply Voltage. Set between 2.7V and 5.5V.
GND (Pin 10): Circuit Ground.

Exposed Pad (DFN Pin 11): Circuit Ground. Must be
soldered to PCB ground.

26412fd
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LTC2641/LTC2642

BLOCK DIRGRAMS
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LTC2641/LT1C2642

TIMING DIAGRAM
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OPERATION

General Description

The LTC2641/LTC2642 family of 16-/14-/12-bit voltage
output DACs offer full 16-bit performance with less than
+1LSB integral linearity error and less than +1LSB differ-
ential linearity error, guaranteeing monotonic operation.
They operate from a single supply ranging from 2.7V to
5.5V, consuming 120pA (typical). An external voltage
reference of 2V to Vpp determines the DAC’s full-scale
outputvoltage. A 3-wire serialinterface allows the LTC2641/
LTC2642 to fit into a small 8-/10-pin MSOP or DFN 3mm
x 3mm package.

Digital-to-Analog Architecture

The DAC architecture is a voltage switching mode resis-
tor ladder using precision thin-film resistors and CMOS
switches. The LTC2641/LTC2642 DAC resistor ladders are
composed of a proprietary arrangement of matched DAC
sections. The four MSBs are decoded to drive 15 equally
weighted segments, and the remaining lower bits drive
successively lower weighted sections. Major carry glitch
impulse is very low at 500pVesec, G = 10pF, ten times
lower than previous DACs of this type.

The digital-to-analog transfer function at the Voyr pin is:

k
Vour(peaL) = (2_'\') VRer
where k is the decimal equivalent of the binary DAC input
code, N is the resolution, and VRrgg is between 2.0V and
Vpp (see Tables 1a, 1b and 1c).

The LTC2642 includes matched resistors that are tied
to an external amplifier to provide bipolar output swing
(Figure 2). The bipolar transfer function at the RFB pin is:

k
Vout _BIPOLAR(IDEAL) = VREF (F - 1)

(see Tables 2a, 2b and 2c).

Serial Interface

The LTC2641/LTC2642 communicates via a standard
3-wire SPI/QSPI/MICROWIRE compatible interface. The
chip select input (CS) controls and frames the loading of
serial data from the data input (DIN). Following a CS high-
to-low transition, the data on DIN is loaded, MSB first, into
the shift register on each rising edge of the serial clock

26412fd
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LTC2641/LTC2642

OPERATION

input (SCLK). After 16 data bits have been loaded into the
serial input register, a low-to-high transition on CS trans-
fers the data to the 16-bit DAC latch, updating the DAC
output (see Figures 1a, 1b, 1c). While CS remains high,
the serial input shift register is disabled. If there are less
than 16 low-to-high transitions on SCLK while CS remains
low, the data will be corrupted, and must be reloaded.
Also, if there are more than 16 low-to-high transitions
on SCLK while CS remains low, only the last 16 data bits
loaded from DIN will be transferred to the DAC latch. For
the 14-bit DACs, (LTC2641-14/LTC2642-14), the MSB
remains in the same (left-justified) position in the input
16-bit data word. Therefore, two “don’t-care” hits must
be loaded after the LSB, to make up the required 16 data
bits (Figure 1b). Similarly, for the 12-bit family members
(LTC2641-12/LTC2642-12) four “don’t-care” bits must
follow the LSB (Figure 1c).

Power-0On Reset

The LTC2641/LTC2642 include a power-on reset circuit
to ensure that the DAC output comes up in a known
state. When Vpp is first applied, the power-on reset cir-
cuit sets the output of the LTC2641 to zero-scale (code
0). The LTC2642 powers up to midscale (bipolar zero).
Depending on the DAC number of bits, the midscale code
is: 32,768 (LTC2642-16); 8,192 (LTC2642-14); or 2,048
(LTC2642-12).

Clearing the DAC

A low pulse meeting the tg (minimum) specification on
the CLR pin asynchronously clears the DAC latch to code
zero (LTC2641) or to midscale (LTC2642).

& ] M
4 bac
SCLK 11 121 13| 4] Is| [e] |7] |8 10l 1] 2| hs| [14] [15] |1e]  UPDATED

DN __ XD15XD14XD18XD12XD11XD10X D8 X D8 X D7 X D6 X 05 X D4 X D3 X D2 X D1 X 20)

& 7]

MSB LSB 26412 Fota
DATA (16 BITS)
Figure 1a. 16-Bit Timing Diagram (LTC2641-16/LTC2642-16)
A bac

SCLK |1| |2| |3| |4| |5| |e| |7| |8| |9| |10| |11| |12| |13| |14| |15| |16| UPDATED
DIN __ XD13XD12XD11XD10X D9 X D8 X 07 X D6 X D5 X D4 X 03 X D2 X 01 X D0 X X X X )

MSB

LSB 26412 F01b

DATA (14 BITS + 2 DONT-CARE BITS)
Figure 1b. 14-Bit Timing Diagram (LTC2641-14/LTC2642-14)

s ] M
A pac
SCLK 1| 2] 3] 4] (5] [s| (7] I8| [o| kol [11| k2| k3| |4] fis| fi6] UPDATED

DIV __ XD11XD10X D8 X 08 X 07 X D6 X D5 X D4 X D3 X D2X DT X DOX X X X X X X X )

MSB

LSB 26412 Foto

DATA (12 BITS + 4 DONT-CARE BITS)
Figure 1c. 12-Bit Timing Diagram (LTC2641-12/LTC2642-12)
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LTC2641/LT1C2642

APPLICATIONS INFORMATION

Unipolar Configuration

Figure 2 shows a typical unipolar DAC application for
the LTC2641. Tables 1a, 1b and 1c show the unipolar
binary code tables for 16-bit, 14-bit and 12-bit operation.

The external amplifier provides a unity-gain buffer. The
LTC2642 can also be used in unipolar configuration by
tying Reg and INV to REF. This provides power-up and
clear to midscale.

Table 1a. 16-Bit Unipolar Binary Code Tahle
(LTC2641-16)

DIGITAL INPUT

Jor [~ [eo ]

LTC2641-16

cS
SCLK
DIN
CLR

VRer
2.5V
Y 0.1pF t 4.7uF 0UT® o
5V/3V _""" 0" LT®10190S8-2.5
= = GND
0.14F L
- " =
7= 1 5V/3V 0.1yF
Vbp REF

16-BIT DAC ),

\ Vour | 6

26412 F02

Figure 2. 16-Bit Unipolar Output (LTC2641-16) Unipolar Vgt = OV to VRer

Tahle 1h. 14-Bit Uni
(LTC2641-14)

polar Binary Code Table

DIGITAL INPUT
BINARY NUMBER
IN DAC LATCH

ANALOG OUTPUT
(Vour)

MSB LSB

11111111 1111 11xx

Vier (16,383/16,384)

1000 0000 0000 00xx

VRer (8,192/16,384) = Vger/2

0000 0000 0000 01xx

Ve (1/16,384)

0000 0000 0000 00xx

ov

UNIPOLAR Vot
0V T0 2.5V

BINARY NUMBER
IN DAC LATCH

ANALOG OUTPUT
(Vour)

MSB LSB

111111111111 1111

Vger (65,535/65,536)

1000 0000 0000 0000

Vier (32,768/65,536) = VRer/2

0000 0000 0000 0001

Vier (1/65,536)

0000 0000 0000 0000

ov

Table 1c. 12-Bit Unipolar B
(LTC2641-12)

inary Code Table

DIGITAL INPUT
BINARY NUMBER A
IN DAC LATCH

NALOG OUTPUT
(Vour)

MSB LSB

1111 1111 1111 000 | Ve (4

,095/4,096)

1000 0000 0000 xxxx

VRer (2,048/4,096) = Vger/2

0000 0000 0001 xxxx |Vger (1

/4,096)

0000 0000 0000 xxxx |QV

26412fd
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LTC2641/L1C2642
APPLICATIONS INFORMATION

Bipolar Configuration

Figure 3 shows a typical bipolar DAC application for the
LTC2642. The on-chip bipolar offset/gain resistors, Reg
and Ryyy, are connected to an external amplifier to produce
a bipolar output swing from —=Vrgg to Vrer at the Rgg pin.

The amplifier circuit provides a gain of +2 from the Voyr
pin, and gain of =1 from VRgg. Tables 2a, 2b and 2¢ show
the bipolar offset binary code tables for 16-bit, 14-bit and
12-bit operation.

VRer
5V/3V 2.5V
‘I ‘I ouT IN =5V
0.1pF 4.7uF .
o= ;= = GND
Vpp REF Rrg | 8 J:_
"_W v‘v‘v 4
LTC2642-16 L e SV 0.1uF
10pF
INV |7 |

BIPOLAR Vour
—2.5V T0 2.5V

\ Vour | 6

25 16-BIT DAC 0. 1uF
+ st |l
<|om B
={cR 6D
26412 FO2
o

Figure 3. 16-Bit Bipolar Output (LTC2642-16) Vout = —VRer to VRer

Table 2c. 12-Bit Bipolar Offset Binary

Table 2b. 14-Bit Bipolar Offset Binary
Code Table (LTC2642-12)

Table 2a. 16-Bit Bipolar Offset Binary
Code Table (LTG2642-14)

Code Table (LTC2642-16)

DIGITAL INPUT DIGITAL INPUT DIGITAL INPUT
BINARY NUMBER | ANALOG OUTPUT BINARY NUMBER | ANALOG OUTPUT BINARY NUMBER | ANALOG OUTPUT
IN DAC LATCH (Vour) IN DAC LATCH (Vour) IN DAC LATCH (Vour)
MSB LSB MSB LSB MSB LSB
1111 1111 1111 1111 | Vper (32,767/32,768) 111 1111 1111 11xx |Vper (8,191/8,192) 11 1111 1111 x0x |Vier (2,047/2,048)
1000 0000 0000 0001 | Vper (1/32,768) 1000 0000 0000 01xx |Vper (1/8,192) 1000 0000 0001 xxxx |Vrer (1/2,048)
1000 0000 0000 0000 | OV 1000 0000 0000 00xx |0V 1000 0000 0000 xxxx [0V
0111 1111 1111 1111 |Vper (1/32,768) 0111 1111 1111 11xx [~Vper (1/8,192) 0111 1111 1111 x0x |~V (1/2048)
0000 0000 0000 0000 |~Vger 0000 0000 0000 00xx |~Vper 0000 0000 0000 Xxxx |~Vagr

26412fd
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LTC2641/LT1C2642

APPLICATIONS INFORMATION

Unbuffered Operation and Vgyt Loading

The DAC output is available directly at the Vyt pin, which
swings from GND to Vrgr. Unbuffered operation provides
the lowest possible offset, full-scale and linearity errors,
the fastest settling time and minimum power consumption.

However, unbuffered operation requires that appropriate
loading be maintained on the Vgyt pin. The LTC2641/
LTC2642 Vot can be modeled as an ideal voltage source
in series with a source resistance of Royr, typically 6.2k
(Figure 4). The DAC’s linear output impedance allows it to
drive medium loads (R > 60k) without degrading INL or
DNL; only the gain error is increased. The gain error (GE)
caused by a load resistance, Ry, (relative to full scale) is:

_

1, [Rout
R

In 16-bit LSBs:

—65536

1+ (ROUT
R

GE =

GE = LSB]

Rout has a low tempco (typically < £50ppm/°C), and is
independent of DAC code. The variation of Ry, part-to-
part, is typically less than +20%.

Note on LSB units:

For the following error descriptions, “LSB” means 16-bit
LSB and 65,536 is rounded to 66k.

To convert to 14-bit LSBs (LTC2641-14/LTC2642-14)
divide by 4.

To convert to 12-bit LSBs (LTC2641-12/LTC2642-12)
divide by 16.

Aconstantcurrent, I, loading Voyt Will produce an offset of:

Vorrser = =1L * Rour

For VRer = 2.5V, a 16-bit LSB equals 2.5V/65,536, or
38uV. Since Rgyt is 6.2k, an I, of 6nA produces an offset
of 1LSB. Therefore, to avoid degrading DAC performance,
it is critical to protect the Vgyt pin from any sources of
leakage current.

Unbuffered Vgyt Settling Time

The settling time at the Vgyt pin can be closely approxi-
mated by a single-pole response where:

©=Rour * (Cour + C)
(Figure 4). Settling to 1/2LSB at 16-bits requires about
12 time constants (In(2 * 65,536)). The typical settling
time of 1ps corresponds to a time constant of 83ns, and
atotal (Coyt + Cp) of about 83ns/6.2k = 13pF. The internal
capacitance, Coyr is typically 10pF, so an external C; of
3pF corresponds to 1ps settling to 1/2LSB.

VRer

LTC2641 REF
LTC2642 Rout Vout Vour
+ 0V TO VRer
VRer &BE) e RL —_L—CL ¢ L
2 =
- GND i - = 26412F04

=

Figure 4. Vgyr Pin Equivalent Circuit

Op Amp Selection

The optimal choice for an external buffer op amp depends
on whether the DAC is used in the unipolar or bipolar
mode of operation, and also depends on the accuracy,
speed, power dissipation and board area requirements of
the application. The LTC2641/LTC2642’s combination of
tiny package size, rail-to-rail single supply operation, low
power dissipation, fast settling and nearly ideal accuracy
specifications makes it impractical for one op amp type
to fit every application.

In bipolar mode (LTC2642 only), the amplifier operates
with the internal resistors to provide bipolar offset and
scaling. In this case, a precision amplifier operating from
dual power supplies, such as the the LT1678 provides the
+VRrer output range (Figure 3).

In unipolar mode, the output amplifier operates as a unity
gain voltage follower. For unipolar, single supply applica-
tions a precision, rail-to-rail input, single supply op amp

26412fd
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APPLICATIONS INFORMATION

such as the LTC6078 is suitable, if the application does
not require linear operation very nearto GND, or zero scale
(Figure 2). The LTC6078 typically swings to within 1mV of
GND if it is not required to sink any load current. For an
LSB size of 38V, 1mV represents 26 missing codes near
zero scale. Linearity will be degraded over a somewhat
larger range of codes above GND. It is also unavoidable
that settling time and transient performance will degrade
whenever a single supply amplifier is operated very close
to GND, or to the positive supply rail.

The small LSB size of a 16-bit DAC, coupled with the tight
accuracy specifications onthe LTC2641/LTC2642, means
that the accuracy and input specifications for the external
op amp are critical for overall DAC performance.

Op Amp Specifications and Unipolar DAC Accuracy

Most op amp accuracy specifications convert easily to
DAC accuracy.

Op amp input bias current on the noninverting (+) input is
equivalenttoan I loading the DAC Vgyt pin and therefore
prod