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The ● denotes specifications which apply over the full operating tempera-
ture range, otherwise specifications are at TA = 25°C. Unless otherwise noted, VCC = 2.7V to 5.5V, VOUT A, VOUT B unloaded, REFHI A,
REFHI B = 4.096V (VCC = 5V), REFHI A, REFHI B = 2.048V (VCC = 2.7V), REFLO = 0V, X1/X1/2 = 0V.

ELECTRICAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
AC Performance

Voltage Output Slew Rate (Note 8) SLOW ● 0.20 0.9 V/µs
(Note 8) FAST ● 1.25 3.8 V/µs

Voltage Output Settling Time (Note 4) to ±1LSB, SLOW 8.5 µs
(Note 4) to ±1LSB, FAST 3.0 µs

Digital Feedthrough (Note 7) 1 nV•s
Midscale Glitch Impulse DAC Switch Between 8000 and 7FFF 20 nV•s
Output Noise Voltage Density at 10kHz, SLOW 170 nV/√Hz

at 10kHz, FAST 150 nV/√Hz
Digital I/O
VIH Digital Input High Voltage VCC = 5V ● 2.4 V
VIL Digital Input Low Voltage VCC = 5V ● 0.8 V
VOH Digital Output High Voltage VCC = 5V, IOUT = –1mA, DOUT Only ● VCC – 0.4 V
VOL Digital Output Low Voltage VCC = 5V, IOUT = 1mA, DOUT Only ● 0.4 V
VIH Digital Input High Voltage VCC = 3V ● 2.4 V
VIL Digital Input Low Voltage VCC = 3V ● 0.8 V
VOH Digital Output High Voltage VCC = 3V, IOUT = –1mA, DOUT Only ● VCC – 0.4 V
VOL Digital Output Low Voltage VCC = 3V, IOUT = 1mA, DOUT Only ● 0.4 V
ILEAK Digital Input Leakage VIN = GND to VCC ● ±10 µA
CIN Digital Input Capacitance (Note 6) 10 pF
Reference Input

Reference Input Resistance REFHI to REFLO ● 30 60 kΩ
Reference Input Range (Note 6) ● 0 VCC V
Reference Input Current In Shutdown ● 1 µA

Switching Characteristics (VCC = 4.5V to 5.5V)
t1 SDI Valid to SCK Setup ● 30 ns
t2 SDI Valid to SCK Hold (Note 6) ● 0 ns
t3 SCK High Time (Note 6) ● 15 ns
t4 SCK Low Time (Note 6) ● 15 ns
t5 CS/LD Pulse Width (Note 6) ● 15 ns
t6 LSB SCK to CS/LD (Note 6) ● 10 ns
t7 CS/LD Low to SCK (Note 6) ● 10 ns
t8 SD0 Output Delay CLOAD = 100pF ● 5 100 ns
t9 SCK Low to CS/LD Low (Note 6) ● 10 ns
t10 CLR Pulse Width (Note 6) ● 30 ns
Switching Characteristics (VCC = 2.7V to 5.5V)
t1 SDI Valid to SCK Setup ● 45 ns
t2 SDI Valid to SCK Hold (Note 6) ● 0 ns
t3 SCK High Time (Note 6) ● 20 ns
t4 SCK Low Time (Note 6) ● 20 ns
t5 CS/LD Pulse Width (Note 6) ● 20 ns
t6 LSB SCK to CS/LD (Note 6) ● 15 ns
t7 CS/LD Low to SCK (Note 6) ● 15 ns



4

LTC1654

 1654fb

Note 4: DAC switched between code 2 kL and code 16383. See
Applications Information (page 11) for definition of low code kL.
Note 5: Digital inputs at 0V or VCC.
Note 6: Guaranteed by design.
Note 7: CS/LD = 0, VOUT = 4.096V and data is being clocked in.
Note 8: 100pF load capacitor.

Note 1: Absolute Maximum Ratings are those values beyond which the life
of a device may be impaired.
Note 2: Nonlinearity is defined from low code kL to code 16383. See
Applications Information (page 11).
Note 3: Offset error is measured at low code kL. See Applications
Information (page 11).

ELECTRICAL CHARACTERISTICS

TYPICAL PERFOR   A  CE CHARACTERISTICS  
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Switching Characteristics (VCC = 2.7V to 5.5V)
t8 SDO Output Delay CLOAD = 100pF ● 5 150 ns
t9 SCK Low to CS/LD Low (Note 6) ● 15 ns
t10 CLR Pulse Width (Note 6) ● 45 ns

The ● denotes specifications which apply over the full operating
temperature range, otherwise specifications are at TA = 25°C. Unless otherwise noted, VCC = 2.7V to 5.5V, VOUT A, VOUT B unloaded,
REFHI A, REFHI B = 4.096V (VCC = 5V), REFHI A, REFHI B = 2.048V (VCC = 2.7V), REFLO = 0V, X1/X1/2 = 0V.
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TYPICAL PERFOR   A  CE CHARACTERISTICS  
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CS/LD (Pin 5): The TTL Level Input for the Serial Interface
Enable and Load Control. When CS/LD is low, the SCK
signal is enabled, so the data can be clocked in. When
CS/LD is pulled high, the control/address bits are
decoded.

DGND/AGND (Pins 6, 12): Digital and Analog Grounds.

SDO (Pin 7): The output of the shift register that becomes
valid on the rising edge of the serial clock.

VOUT A/B (Pins 9, 15): The Buffered DAC Outputs.

REFHI A/B (Pins 10, 14): The Reference High Inputs of the
LTC1654. There is a gain of 1 from this pin to the output
in a gain of 1 configuration. In a gain of 1/2 configuration,
there is a gain of 1/2 from this pin to VOUT.

REFLO A/B (Pins 11, 13): The Reference Low Inputs of the
LTC1654. These inputs can swing up to VCC – 1.5V.

VCC (Pin 16): The Positive Supply Input. 2.7V ≤ VCC ≤ 5.5V.
Requires a 0.1µF bypass capacitor to ground.

X1/X1/2 B, X1/X1/2 A (Pins 1, 8): The Gain of 1 or Gain of
1/2 Pin. When this pin is tied to VOUT, the output range will
be REFLO to (REFLO + REFHI)/2 (0V to REFHI/2 when
REFLO = 0V). When this pin is tied to REFLO, the output
range will be REFLO to REFHI (0V to REFHI when REFLO
= 0V). These pins should not be left floating.

CLR (Pin 2): The Asynchronous Clear Input.

SCK (Pin 3): The TTL Level Input for the Serial Interface
Clock.

SDI (Pin 4): The TTL Level Input for the Serial Interface
Data. Data on the SDI pin is latched into the shift register
on the rising edge of the serial clock. The LTC1654 allows
either a 24-bit or 32-bit word. When a 24-bit word is used,
the first 8 bits are control and address followed by 16 data
bits. The last two of the 16 data bits are don’t cares. When
a 32-bit word (required for daisy-chain operation) is used,
the first 8-bits are don’t cares and the following 24-bits are
as above.

1654 TD01
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Serial Interface

The data on the SDI input is loaded into the shift register
on the rising edge of SCK. The MSB is loaded first. The
Clock is disabled internally when CS/LD is high. Note: SCK
must be low before CS/LD is pulled low to avoid an extra
internal clock pulse.

If no daisy-chaining is required, the input word can be
24-bit wide, as shown in the timing diagrams. The 8 MSBs,
which are loaded first, are the control and address bits
followed by a 16-bit data word. The last two LSBs in the
data word are don’t cares. The input word can be a stream
of three 8-bit wide segments as shown in the “24-Bit
Update” timing diagram.

If daisy-chaining is required or if the input needs to be
written in two 16-bit wide segments, then the input word
can be 32 bits wide and the top 8 bits (MSBs) are don’t
cares. The remaining 24 bits are control/address and data.
This is also shown in the timing diagrams. The buffered
output of the internal 32-bit shift register is available on
the SDO pin, which swings from GND to VCC.

Multiple LTC1654s may be daisy-chained together by
connecting the SDO pin to the SDI pin of the next IC. The
SCK and CS/LD signals remain common to all ICs in the
daisy-chain. The serial data is clocked to all of the chips,
then the CS/LD signal is pulled high to update all DACs
simultaneously.

Table 1 shows the truth table for the control/address bits.
When the supplies are first applied, the LTC1654 uses
SLOW mode, the outputs are set at 0V, and zeros are
loaded into the 32-bit input shift register. About 300ns
after power-up, the outputs are released from 0V (AGND)
and will go to the voltage on the REFLO pin.

When CLR goes active, zeros are loaded into the input and
DAC latch and the outputs are forced to AGND. After CLR
is forced high, the ouputs will go to the voltage on the
REFLO pin.

Three examples are given to illustrate the DAC’s opera-
tion:

1. Load and update DAC A in FAST mode. Leave DAC B
unchanged. Perform the following sequence for the
control, address and DATA bits:

Step 1: Set DAC A in FAST mode

CS/LD  clock in 0101 0000 XXXXXXXX XXXXXXXX;
CS/LD 

Step 2: Load and update DAC A with DATA

CS/LD  clock in 0011 0000 + DATA; CS/LD 

2. Load and update DAC A in SLOW mode. Power down
DAC B. Perform the following sequence for the con-
trol, address and DATA bits:

Step 1: Set DAC A in SLOW mode

CS/LD  clock in 0110 0000 XXXXXXXX
XXXXXXXX;
CS/LD 

Step 2: Load and update DAC A with DATA

CS/LD  clock in 0011 0000 + DATA; CS/LD 

Step 3: Power down DAC B

CS/LD  clock in 0100 0001 XXXXXXXX
XXXXXXXX;
CS/LD 

3. Power down both DACs at the same time. Perform the
following sequence for the control, address and DATA
bits:

Step 1: Power down both DACs simultaneously

CS/LD  clock in 0100 1111 XXXXXXXX
XXXXXXXX;
CS/LD 

OPERATIO
U




















