FEATURES

Integrated Reference 10ppm/°C Max
Maximum INL Error: +4LSB

Guaranteed Monotonic Over Temperature
Selectable Internal or External Reference
2.7V t0 5.5V Supply Range (LTC2657-L)
Integrated Reference Buffers

Ultralow Grosstalk between DACs(0.8nVes)
Power-On-Reset to Zero-Scale/Mid-Scale
400kHz 12C Interface

Tiny 20-Lead 4mm x 5mm QFN and 20-Lead
Thermally enhanced TSSOP packages

APPLICATIONS

| t /\D LTC2657

TECHNOLOGY

Octul I2C 16-/12-Bit

Ruil-to-Ruil DACs with

10ppmMm/°C Mux Reference
DESCRIPTION

The LTC®2657 is a family of octal 12C 16-/12-Bit Rail-to-
Rail DACs with Integrated 10ppm/°C Max Reference. The
DACs have built-in high performance, rail-to-rail, output
buffers and are guaranteed monotonic. The LTC2657-L has
afull-scale output of 2.5V with the integrated reference and
operates fromasingle 2.7Vto 5.5V supply. The LTC2657-H
hasafull-scale output of4.096V with the integrated reference
and operates froma4.5V10 5.5V supply. Each DAC canalso
operate with an external reference, which sets the full-scale
output to 2 times the external reference voltage.

The parts use a 2-wire [2C compatible serial interface. The
LTC2657 operates in both the standard mode (maximum
clock rate of 100kHz) and the fast mode (maximum clock

= Mobile Communications , rate of 400kHz). The LTC2657 incorporates a power-on reset
= Process Control and Industrial Automation circuitthatis controlled by the PORSEL pin. If PORSEL is tied
® Instrumentation to GND the DACs reset to zero-scale at power-up. If PORSEL
= Automatic Test Equipment is tied to Vg, the DACs reset to mid-scale at power-up.
" AUtomOtlve A7, LT LTC and LTM are registered trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners. Protected by U.S. Patents including
5396245, 6891433 and patent pending.
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LTC2657

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)

Supply Voltage (Vgg) «eeeeeerereeerererenercreenenens -0.3Vto 6V
SCL, SDA, LDAGC, REFLO.......ccceerricriinns -0.3Vto6Y
Vouta 10 VOUTH coveeeveverene. -0.3V to Min(Vgc + 0.3V, 6V)

REFIN/OUT, REFCOMP......—0.3V to Min(Vcg + 0.3V, 6V)
PORSEL, CAO, CA1, CA2...—0.3V to Min(Vcg + 0.3V, 6V)

Operating Temperature Range

LTC2657C ... 0°Cto 70°C
LTC2657 1. -40°C to 85°C
Maximum Junction Temperature..........ccc.c.......... 150°C
Storage Temperature Range....................... -6510150°C

Lead Temperature (Soldering FE-Package, 10 sec).. 300°C

PINn CONFIGURATION

TOP VIEW
REFLO [1] 20] GND
Voura [2] {____: [19] Ve
[
Vours [3] | : 18] Vourn
REFCOMP [4] | ! [17] Vouts
|
voure [5] | 2 } [16] Vourr
[

Vouro [6] | I 15] Voure
ReFN/OUT [7] | ! [14] PORSEL
[DAC [8] | B
ca2[9] 11 [iz] oAt
SCL [10} [11] SDA
FE PACKAGE
20-LEAD PLASTIC TSSOP
Tamax = 150°C, 644 = 38°C/W, 6,¢ = 10°C/W
EXPOSED PAD (PIN 21) IS GND, MUST BE SOLDERED TO PCB

-l
=1
>

______ ] 16| vourn
: 115] Voure
| !_11: Vourr
| 113] Voure
I 12| PORSEL
L 1] cao

Vouts
REFCOMP
Voute
Voutp
REFIN/OUT
LDAC

INIL H
.

L

21

o=

Lo

UFD PACKAGE
20-LEAD (4mm x 5Smm) PLASTIC QFN
Tymax = 150°C, 6,4 = 43°C/W
EXPOSED PAD (PIN 21) IS GND, MUST BE SOLDERED TO PCB

2657f

LY N



LTC2657

PRODUCT SELECTOR GUIDE

LTC2657 B C UFD -L 16 #TR PBF

| LEAD FREE DESIGNATOR

| TAPE AND REEL
TR = Tape and Reel

| RESOLUTION
16 = 16-Bit
12 = 12-Bit

| [UL;.-S\?ALE VOLTAGE, INTERNAL REFERENCE MODE
=25
H =4.096V

| PACKAGE TYPE

UFD = 20-Lead (4mm x 5mm) Plastic QFN
FE = 20-Lead Thermally Enhanced TSSOP

| TEMPERATURE GRADE
C = Commercial Temperature Range (0°C to 70°C)
| = Industrial Temperature Range (—40°C to 85°C)

| ELECTRICAL GRADE (OPTIONAL)
B = +4LSB INL (MAX)

PRODUCT PART NUMBER

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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LTC2657

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING* | PACKAGE DESCRIPTION TEVE EEQTEURE WA
LTC2657BCFE-L16#PBF | LTC2657BCFE-L16#TRPBF | LTC2657FE-L16 | 20-Lead Thermally Enhanced TSSOP | 0°C to 70°C -4
LTC2657BIFE-L16#PBF | LTC2657BIFE-L16#TRPBF | LTC2657FE-L16 | 20-Lead Thermally Enhanced TSSOP | ~40°C to 85°C -4
LTC2657BCUFD-L16#PBF | LTC2657BCUFD-L16#TRPBF | 57116 20-Lead (4mm x 5mm) Plastic FN | 0°C to 70°C -4
(TC2657BIUFD-L16#PBF | LTC2657BIUFD-L16#TRPBF | 57116 20-Lead (4mm x 5mm) Plastic QFN | ~40°C to 85°C -4
LTC2657BCFE-H16#PBF | LTC2657BCFE-H16#TRPBF | LTC2657FE-H16 | 20-Lead Thermally Enhanced TSSOP | 0°C to 70°C -4
LTC2657BIFE-H16#PBF | LTC2657BIFE-HIG#TRPBF | LTC2657FE-H16 | 20-Lead Thermally Enhanced TSSOP | —40°C to 85°C -4
LTC2657BCUFD-H16#PBF | LTC2657BCUFD-H16#TRPBF | 57H16 20-Lead (4mm x 5mm) Plastic FN | 0°C to 70°C -4
LTC2657BIUFD-H16#PBF | LTC2657BIUFD-H16#TRPBF | 57H16 20-Lead (4mm x 5mm) Plastic FN | ~40°C to 85°C -4
LTC2657CFE-L12#PBF | LTC2657CFE-L12#TRPBF | LTC2657FE-L12 | 20-Lead Thermally Enhanced TSSOP | 0°C to 70°C -1
LTC2657IFE-L12#PBF | LTC2657IFE-L12#TRPBF | LTC2657FE-L12 | 20-Lead Thermally Enhanced TSSOP | -40°C to 85°C -1
LTC2657CUFD-L12#PBF | LTC2657CUFD-L12#TRPBF | 57112 20-Lead (4mm x 5mm) Plastic GFN | 0°C to 70°C 1
(TC2657IUFD-L12#PBF | LTC2657IUFD-L12#TRPBF | 57112 20-Lead (4mm x 5mm) Plastic QFN | ~40°C to 85°C 1
LTC2657CFE-H12#PBF | LTC2657CFE-H12#TRPBF | LTC2657FE-H12 | 20-Lead Thermally Enhanced TSSOP | 0°C to 70°C -1
LTC2657IFE-H12#PBF | LTC2657IFE-H12#TRPBF | LTC2657FE-H12 | 20-Lead Thermally Enhanced TSSOP | -40°C to 85°C -1
LTC2657CUFD-H12#PBF | LTC2657CUFD-H12#TRPBF | 57H12 20-Lead (4mm x 5mm) Plastic FN | 0°C to 70°C 1
LTC2657IUFD-H12#PBF | LTC2657IUFD-H12#TRPBF | 57H12 20-Lead (4mm x 5mm) Plastic QFN | ~40°C to 85°C -1

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/

GLECTRICHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.
LTC2657B-L16/LTC2657-L12 (Internal Reference = 1.25V)

LTC2657-12 LTC2657B-16
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS
DC Performance
Resolution e | 12 16 Bits
Monotonicity (Note 3) e | 12 16 Bits
DNL Differential Nonlinearity (Note 3) ° +0.1 05 +0.3  +1 LSB
INL Integral Nonlinearity (Note 3) Voo =5.5V, VRep = 2.5V ] 0.5 1 2 4 LSB
Load Regulation Ve = 5V £10%, Internal Reference, Mid-Scale, ° 0.04 0.125 0.6 2 | LSB/mA
—-15mA < lgyt < 15mA
Vo =3V £10%, Internal Reference, Mid-Scale, ] 0.06 0.25 1 4 | LSB/mA
—-7.5mA < gyt < 7.5mA
ZSE Zero-Scale Error ° 1 3 1 3 mV
Vos Offset Error (Note 4) Vrgr = 1.25V (] +1 +2 +1 +2 mV
Vs Temperature Coefficient 2 2 pv/°c
GE Gain Error ° +0.02 0.1 +0.02 0.1 | %FSR
Gain Temperature Coefficient 1 1 ppm/°C
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GLGCTRICHL CHHBHCTGRISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.
LTC2657B-L16/LTC2657-L12 (Internal Reference = 1.25V)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vout DAC Output Span Internal Reference 0to2.5 V
External Reference = Vextrer 010 2 * VexTREF V
PSR Power Supply Rejection Voo £10% -80 dB
Rout DC Output Impedance Vo =5V £10%, Internal Reference, Mid-Scale, | @ 0.04 0.15 Q
-15mA < lgyt < 15mA
Vo = 3V £10%, Internal Reference, Mid-Scale, | @ 0.04 0.15 Q
=7.5mA < lgyr < 7.5mA
DC Crosstalk (Note 5) Due to Full-Scale Output Change 15 pv
Due to Load Current Change +2 pV/mA
Due to Powering Down (per Channel) +1 pv
Isc Short-Circuit Output Current (Note 6) | Voo = 5.5V, Vextrer = 2.8V
Code: Zero-Scale, Forcing Output to Vg ) 20 65 mA
Code: Full-Scale, Forcing Output to GND ) 20 65 mA
Voo = 2.7V, VexTrer = 1.4V
Code: Zero-Scale, Forcing Output to Vg ° 10 40 mA
Code: Full-Scale, Forcing Output to GND o 10 40 mA
Reference
Reference Output Voltage 1.248 1.25 1.252 V
Reference Temperature Coefficient (Note 7) C-Grade Only +2 +10 | ppm/°C
Reference Line Regulation Voo £10% -80 dB
Reference Short-Circuit Current Ve = 5.5V, Forcing REFIN/OUT to GND ° 5 mA
REFCOMP Pin Short-Circuit Current Ve = 5.5V, Forcing REFCOMP to GND o 200 HA
Reference Load Regulation Vg =3V £10% or 5V £10%, lgyt = 100pA 40 mV/mA
Sourcing
Reference Qutput Voltage Noise Density | Crercomp = Crerinjout = 0.10F at f = 1kHz 30 nV/Hz
Reference Input Range External Reference Mode (Note 14) ° 0.5 Veo/2 v
Reference Input Current ° 0.001 1 pA
Reference Input Capacitance (Note 9) 40 pF
Power Supply
Vee Positive Supply Voltage For Specified Performance ® 2.7 5.5 V
Ice Supply Current (Note 8) Ve =5V, Internal Reference On ° 3.1 4.25 mA
Vge =5V, Internal Reference Off ° 2.7 3.7 mA
Ve =3V, Internal Reference On o 3 3.8 mA
Vo =3V, Internal Reference Off ° 2.6 3.2 mA
Isp Supply Gurrent in Shutdown Mode Voo =5V ) 3 HA
(Note 8)
Digital 1/0
Vi Low Level Input Voltage ) 0.3Vge V
(SDA and SCL)
Vg High Level Input Voltage ® | 0.7V V
(SDA and SCL)
ViLtoac) | Low Level Input Voltage (LDAC) Voo =4.5V 10 5.5V ° 0.8 V
Voo = 2.7V t0 4.5V o 0.6 Vv
ViHoac) | High Level Input Voltage (LDAC) Voo = 3.6V 10 5.5V ® 2.4 V
Voo =27V 10 3.6V o 2 Vv
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LTC2657
GLGCT“IC“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.
LTC2657B-L16/LTC2657-L12 (Internal Reference = 1.25V)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

Viiea) | Low Level Input Voltage (CAO and CA2) | See Test Gircuit 1 o 0.15V¢g v

Vigcay | High Level Input Voltage (CAO and CA2) | See Test Gircuit 1 ® | 0.85V¢c v

Rinx Resistance from CA, (n=0,1, 2) See Test Circuit 2 ® 10 kQ
to Vg to Set CA,=Vge

Rine Resistance from CA, (n=0,1, 2) See Test Circuit 2 ° 10 kQ
to GND to Set CA,= GND

Rine Resistance from CA, (n = 0,1, 2) See Test Circuit 2 ° 2 MQ
to Vgg or GND to Set CA,=FLOAT

VoL Low Level Output Voltage Sink Current = 3mA ° 0 04 v

tor Output Fall Time Vo = Viginy to Vo = Vitwax), ® (20+0.1Cp 250 ns

Cg = 10pF to 400pF (Note 13

tsp Pulse Width of Spikes Suppressed by ® 0 50 ns
Input Filter

I Input Leakage 0.1Vge < Viy £ 0.9VCC ® 1 pA

Cin I/0 Pin Capacitance (Note 9) ) 10 pF

Cp Capacitance Load for Each Bus Line ) 400 pF

Ccan External Capacitive Load on Address ° 10 pF
Pins CAO, CA1 and CA2

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at T = 25°C.
Ve = 4.5V to 5.5V, Vgyr unloaded unless otherwise specified. LTC2657B-H16/LTC2657-H12 (Internal Reference = 2.048V)

LTC2657-12 LTC2657B-16
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS
DC Performance
Resolution e | 12 16 Bits
Monotonicity (Note 3) e 12 16 Bits
DNL Differential Nonlinearity (Note 3) [ 0.1 05 0.3 1 LSB
INL Integral Nonlinearity (Note 3) Voo =5.5V, VRer = 2.5V ) £0.5  #1 +2 +4 LSB
Load Regulation Voo = 5V £10%, Internal Reference, ° 0.04 0.125 0.6 LSB/mA
Mid-Scale, =15mA < lgyt < 15mA
ZSE Zero-Scale Error o 1 3 1 3 mv
Vos Offset Error (Note 4) Vggr = 2.048V ® +1 +2 +1 +2 mV
Vs Temperature Coefficient 2 2 pv/ec
GE Gain Error o +0.02 0.1 £0.02 0.1 | %FSR
Gain Temperature Coefficient 1 1 ppm/°C
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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 4.5V to 5.5V, Vgyr unloaded unless otherwise specified.
LTC2657B-H16/LTC2657-H12 (Internal Reference = 2.048V)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vout DAC Output Span Internal Reference 010 4.096 V
External Reference = Vextrer 010 2 * VexTREF v
PSR Power Supply Rejection Ve £10% -80 dB
Rout DC Output Impedance Vg =5V +10%, Internal Reference, Mid- ° 0.04 0.15 Q
icglem,A <lgyr £ 15mA
DC Crosstalk Due to Full-Scale Output Change +1.5 uv
Due to Load Current Change +2 uV/mA
Due to Powering Down (per Channel) +1 pv
Isc Short-Circuit Output Current (Note 4) Vo = 5.5V, Vextrer = 2.8V
Code: Zero-Scale, Forcing Output to Vg ° 20 65 mA
Code: Full-Scale, Forcing Output to GND ) 20 65 mA
Reference
Reference Output Voltage 2.044 2.048 2.052 V
Reference Temperature Coefficient (Note 7) C-Grade Only +2 +10 | ppm/°C
Reference Line Regulation Ve £10% -80 dB
Reference Short-Circuit Current V¢e = 5.5V, Forcing REFIN/OUT to GND ° 5 mA
REFCOMP Pin Short-Circuit Current V¢ = 5.5V, Forcing REFCOMP to GND (] 200 HA
Reference Load Regulation Ve =3V £10% or 5Y £10%, lgyt = 100pA 40 mV/mA
Sourcing
Reference Output Voltage Noise Density Crercomp = Crerinyout = 0.1pF at f = 1kHz 35 nV/yHz
Reference Input Range External Reference Mode (Note 14) ® 0.5 Veo/2 v
Reference Input Current ) 0.001 1 pA
Reference Input Capacitance (Note 9) ) 40 pF
Power Supply
Ve Positive Supply Voltage For Specified Performance ° 45 55 v
Ico Supply Current (Note 8) Ve =5V, Internal Reference On ° 3.3 4.25 mA
Ve =5V, Internal Reference Off ° 3 3.7 mA
Isp Supply Current in Shutdown Mode (Note 8) | Vg = 5V ° 3 pA
Digital 1/0
ViL Low Level Input Voltage (SDA and SCL) o 0.3Vge Vv
Viy High Level Input Voltage (SDA and SCL) ® | 0.7V V
Vi (toac) | Low Level Input Voltage (LDAC) Ve =4.5V10 5.5V ° 0.8V v
Viyoac) | High Level Input Voltage (LDAC) Ve =4.5V10 5.5V ® 2.4 V
Viica) | Low Level Input Voltage (CAQ to CA2) See Test Circuit 1 ° 0.15V¢g Vv
Vigcay | High Level Input Voltage (CAO to CA2) See Test Circuit 1 ® | 0.85V¢¢ V
RiNH Resistance from CA, (n=0,1, 2) See Test Circuit 2 ° 10 kQ
to Vg to Set CA,= Ve
Rine Resistance from CA, (n=0,1, 2) See Test Circuit 2 ) 10 kQ
to GND to Set CA,= GND
Rinr Resistance from CA, (n=0,1, 2) See Test Circuit 2 ° 2 MQ
to Vgg or GND to Set CA, = FLOAT
VoL Low Level Ouput Voltage Sink Current = 3mA ) 0 0.4 V
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LTC2657
GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 4.5V to 5.5V, Vgyr unloaded unless otherwise specified.
LTC2657B-H16/LTC2657-H12 (Internal Reference = 2.048V)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tor Output Fall Time = Vg to Vo = Vigmax), ® [20+0.1Cp 250 ns
CB 10pF to 400pF Note 13)

tsp Pulse Width of Spikes Suppressed by Input ) 0 50 ns
Filter

I Input Leakage 0.1Vge < Vin 0.9V ) 1 pA

Cin I/0 Pin Capacitance (Note 9) o 10 pF

Cp Capacitance Load for Each Bus Line ) 400 pF

Cean External Capacitive Load on Address Pins ° 10 pF
CAO, CA1 and CA2

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at T = 25°C.
Ve =2.7V to 5.5V, Vgyr unloaded unless otherwise specified. LTC2657B-H16/LTC2657-H12/ LTC2657B-L16/LTC2657-L12

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX UNITS
AC Performance

ts Settling Time (Note 10) +0.024% (+1LSB at 12 Bits) 3.9 us

+0.0015% (+1LSB at 16 Bits) 9.1 us

Settling Time for 1LSB Step +0.024% (+1LSB at 12 Bits) 24 us

+0.0015% (+1LSB at 16 Bits) 4.5 us

Voltage Output Slew Rate 1.8 Vs

Capacitive Load Driving 1000 pF

Glitch Impulse (Note 11) At Mid-Scale Transition, L-Option 4 nVes

At Mid-Scale Transition, H-Option 7 n\Ves

DAC-to-DAC Crosstalk (Note 12) Crercomp = CrerinyouT = 0.22pF 0.8 nVes

Multiplying Bandwidth 150 kHz

en Output Voltage Noise Density At f = 1kHz 85 nV/yHz

At f = 10kHz 80 nV/yHz

Output Voltage Noise 0.1Hz to 10Hz, Internal Reference (L-Options) 8 uVp.p

0.1Hz to 10Hz, Internal Reference (H-Options) 12 pVp.p

0.1Hz to 200kHz, Internal Reference (L-Options) 600 uVp_p

0.1Hz to 200kHz, Internal Reference (H-Options) 650 pVp_p
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LTC2657

TlmlnG CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. LTC2657B-L16/LTC2657-L12/LTC2657B-H16/LTC2657-H12 (see Figure 1).

SYMBOL | PARAMETER

| CONDITIONS

| MN  TYP  MAX | UNITS

Vigg = 2.7V t0 5.5V

fsoL SCL Clock Frequency o 0 400 kHz
tho(sTA) Hold Time (Repeated) Start Condition ) 0.6 us
tLow Low Period of the SCL Clock Pin ) 1.3 us
tHIGH High Period of the SCL Clock Pin ° 0.6 Hs
tsu(sTa) Set-Up Time for a Repeated Start Program ) 0.6 us
tHp(DAT) Data Hold Time [ 0 0.9 Hs
tsu(oam) Data Set-Up Time o 100 ns
tr Rise Time of Both SDA and SCL Signals ® |20+0.1Cg 300 ns
t Fall Time of Both SDA and SCL Signals ® (20+0.1Cg 300 ns
tsysto) | Set-Up Time for Stop Condition [ 0.6 HsS
tgur Bus Free Time Between a Stop and Start Condition ° 1.3 us
tq Falling edge of the 9th Clock of the 3rd Input Byte [ 400 ns
to LDAC High or Low Transition
ty LDAC Low Pulse Width ° 20 ns

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: All voltages are with respect to GND.

Note 3: Linearity and monotonicity are defined from code kL to code

2N — 1, where N is the resolution and kL is the lower end code for which
no output limiting occurs. For Vger = 2.5V and N = 16, kL = 128 and
linearity is defined from code 128 to code 65535. For VRgr = 2.5V and

N =12, kL = 8 and linearity is defined from code 8 to code 4,095.

Note 4: Inferred from measurement at code 128 (LTC2657-16) or code 8
(LTC2657-12).

Note 5: DC crosstalk is measured with Vg = 5V and using internal
reference with the measured DAC at mid-scale.

Note 6: This IC includes current limiting that is intended to protect the
device during momentary overload conditions. Junction temperature can
exceed the rated maximum during current limiting. Continuous operation
above the specified maximum operating junction temperature may impair
device reliability.

Note 7: Temperature coefficient is calculated by dividing the maximum
change in output voltage by the specified temperature range.

Note 8: Digital inputs at OV or Vgg.

Note 9: Guaranteed by design and not production tested.

Note 10: Internal reference mode. DAC is stepped 1/4 scale to 3/4 scale
and 3/4 scale to 1/4 scale. Load is 2kQ in parallel with 200pF to GND.
Note 11: Vg = 5V (H-Options) or Vg = 3V (L-Options), internal reference
mode. DAC is stepped +1LSB between half-scale and half-scale —1. Load is
2k in parallel with 200pF to GND.

Note 12: DAC-to-DAC crosstalk is the glitch that appears at the output

of one DAC due to a full-scale change at the output of another DAC. It is
measured with Vg = 5V, using internal reference, with the measured DAC
at mid-scale.

Note 13: Cg = capacitance of one bus line in pF.

Note 14: Gain error specification may be degraded for reference input
voltages less than 1V. See Gain Error vs Reference Input curve in the
Typical Performance Characteristics section.
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LTC2657

TYPICAL PERFORMANCE CHARACTERISTICS 11c2657-L16, T, = 25°C unless otherwise noted.

Integral Nonlinearity (INL) Differential Nonlinearity (DNL) INL vs Temperature
4 1 4
Vg =3V Vg =3V Vee =3V
3 3
2 05 2
INL (POS)
1 = A ~
[an] o
2 o c% 0 32
= 2 = INL (NEG)
-1 -1
-2 -05 -2
-3 -3
128 16384 32768 49152 65535 128 16384 32768 49152 65535 "250-30 10 10 30 50 70 90 110 130
CODE CODE TEMPERATURE (°C)
2657 GO1 2657 G02 2657 G03
REFIN/OUT Output Voltage
DNL vs Temperature vs Temperature
1 1.253
Vee =3V Veg =3V
05 1.252
DNL (POS) __1.251
o —_ T =
3 ~TT 5
5 0 S1.250
2 DNL (NEG) &
= 1.249
05 1.248
- 1.247
-50 -30 10 10 30 50 70 90 110 130 50 -30 10 10 30 50 70 90 110 130
TEMPERATURE (°C) TEMPERATURE (°C)
3586 G35 2657 G05
Settling to +1LSB Rising Settling to +1LSB Falling
™ e OCK 3/4 SCALE TO 1/4 SCALE STEP
SCL g-lF;I-DI CDLAgl'/(iKBg'FE Vee =3V, Vpg = 2.5V
3V/DIV ‘ Ry = 2k, C = 200pF
'\ 1/4 SCALE T0 3/4 y AVERAGE OF 20‘43 EVENTS
SCALE STEP 7] out
\ Voo =3V, Vg =2.5V 100pv/DIV [I }K
RL =2k, G| = 200pF I ‘
AVERAGE OF 2048 8601
EVENTS _| l L
\
Vout >~ SCL / 9TH CLOCK OF
150V/DIV 1. v 3RD DATA BYTE
us
|
2ps/DIV 2ps/DIV

2657 GO7

2657 G08

2657f

10

LY N



LTC2657

TYPICAL PERFORMANCE CHARACTERISTICS 11c2657-H16, T = 25°C unless otherwise noted.
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LTC2657

T'I'PICHL PEBFOBMHHCE CHHRHCTGGISTICS LTC2657-12, Ty = 25°C unless otherwise noted.
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LTC2657

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS LTC2657, Ty = 25°C unless otherwise noted.
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LTC2657
TYPICAL PERFORMANCE CHARACTERISTICS 657
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LTC2657

PIN FUNCTIONS (arn/ssor)

VoutatoVoutn(Pins1,3,4,13,14,15,16, 20/Pins 2,
3,5,6,15, 16, 17, 18): DAC Analog Voltage Outputs.
The output range is OV to 2 times the voltage at the
REFIN/OUT pin.

REFCOMP(Pin2/Pin4): Internal Reference Compensation
pin. For low noise and reference stability, tie 0.1pF cap
to GND. Connect to GND to use an external reference
at start-up. Command 0111b must still be issued to
turn off internal reference.

REFIN/OUT (Pin 5/Pin 7): This pin acts as the Internal
Reference output in Internal Reference mode and acts
as the Reference Input pin in External Reference mode.
When acting as an output the nominal voltage at this
pin is 1.25V for-L Options and 2.048V for-H Options.
For low noise and reference stability tie a capacitor
to GND. Capacitor value must be <= Crgrcomp.
In External Reference mode, the allowable reference
input voltage range is 0.5V to V¢/2.

LDAC (Pin 6/Pin 8): Asynchronous DAC Update Pin.
A falling edge on this input after four bytes have been
written into the part immediately updates the DAC
register with the contents of the input register. A low
on this input without a complete 32-bit (four bytes
including the slave address) data write transfer to the
part does not update the DAC output. Software power-
down is disabled when LDAC is low.

CA2 (Pin 9/Pin 7): Chip Address Bit 2. Tie this pin
to Vg, GND or leave it floating to select an I2C slave
address for the part (See Table 2).

SCL (Pin 8/Pin 10): Serial Clock Input Pin. Data is
shifted into the SDA pin at the rising edges of the clock.

This high impedance pin requires a pull-up resistor or
current source to Vgg.

SDA (Pin 9/Pin 11 ): Serial Data Bidirectional Pin. Data
is shifted into the SDA pin and acknowledged by the
SDA pin. This is a high impedance pin while data is
shifted in. It is an open-drain N-channel output during
acknowledgement. This pin requires a pull-up resistor
or current source to Vgc.

CA1 (Pin 10/Pin 12): Chip Address Bit 1. Tie this pin
to Vg, GND or leave it floating to select an I2C slave
address for the part (See Table 2)

CAO (Pin 11/Pin 13): Chip Address Bit 0. Tie this pin
to Vg, GND or leave it floating to select an I2C slave
address for the part (See Table 2).

PORSEL (Pin12/Pin14): Power-On-Reset Select pin. If
tiedto GND, the part resets to Zero-Scale at power up. If
tied to Vg, the part resets to Mid-Scale at power up.

Vce (Pin 17/Pin 19): Supply Voltage Input. For —L
Options, 2.7V < Ve < 5.5V, and for —H Options, 4.5V
< Vg <5.5V. Bypass to ground with a 0.1pF capacitor
placed as close to pin as possible.

GND (Pin 18/Pin 20): Ground.

REFLO (Pin 19/Pin 1): Reference Low pin. The voltage
at this pin sets the zero-scale voltage of all DACs. This
pin should be tied to GND.

Exposed Pad (Pin21/Pin21): Ground. Must be Soldered
to PCB Ground.

2657f
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LTC2657
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LTC2657

TIMING DIRGRAM
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LTC2657

OPERATION

The LTG2657 is a family of octal voltage output DACs
in 20-lead 4mm x 5mm QFN and in 20-lead thermally
enhanced TSSOP packages. Each DAC can operate rail-
to-rail in external reference mode, or with its full-scale
voltage set by an integrated reference. Four combinations
of accuracy (16- and 12-bit), and full-scale voltage (2.5V
or 4.096V3 are available. The LTC2657 is controlled using
a 2-wire 1“C compatible interface.

Power-On Reset

The LTC2657-L/-H clear the output to zero-scale if the
PORSEL pin is tied to GND when power is first applied,
making systeminitialization consistentand repeatable. For
some applications, downstream circuits are active during
DAC power-up, and may be sensitive to nonzero outputs
from the DAC during this time. The LTC2657 contains
circuitry to reduce the power-on glitch. The analog outputs
typically rise less than 10mVabove zero-scale during power
on if the power supply is ramped to 5V in Tms or more. In
general, the glitchamplitude decreases as the power supply
ramp time is increased. See “Power-On Reset Glitch” in
the Typical Performance Characteristics section.

Alternatively, if PORSEL is tied to Vg, The LTC2657-L/-H
set the output to mid-scale when power is first applied.

Power Supply Sequencing and Start-Up

For the LTC2657 family of parts, the internal reference is
powered-up at start-up by default. If an external reference is
to be used, the REFCOMP pin (Pin 4 =TSSOP, Pin 2 -QFN )
must be hardwired to GND. This configuration allows the
use of an external reference at start-up and converts the
REFIN/OUT pintoaninput. However, the internal reference
will still be ON and draw supply current. In order to use
an external reference, command 0111b should be used
to turn the Internal Reference OFF.(See Table1.)

The voltage at REFIN/OUT (Pin 7 —=TSSOP, Pin 5 -QFN)
should be kept within the range —0.3V < REFIN/OUT
<V + 0.3V (see Absolute Maximum Ratings). Particular
care should be taken to observe these limits during power
supply turn-on and turn-off sequences, when the voltage
at Vg (Pin 19 =TSSOP, Pin 17 -QFN ) is in transition.

Transfer Function
The digital-to-analog transfer function is:

k
Vout(ipEaL) = (Z_Nj. 2 o[ Vgr —REFLO]+REFLO

where k is the decimal equivalent of the binary DAC input
code, N is the resolution, and VRgr is the voltage at the
REFIN/OUT Pin. The resulting DAC output span is 0V to
2 * \lper, as it is necessary to tie REFLO to GND. Vger is
nominally 1.25V for LTC2657-Land 2.048V for LTC2657-H,
in Internal Reference Mode.

Table 1. Command and Address Godes

COMMAND*
C3|C2|C1|CO
0| 0] 0| O |WritetoInput Registern
0| 0] 0| 1 |Update (Power Up) DAC Register n
0| 0] 1 | 0 |Writeto Input Register n, Update (Power Up) All
0| 0| 1|1 [WritetoandUpdate (Power Up)n
01| 0] 0 |PowerDownn
0|1 0| 1 [PowerDown Chip (All DACs and Reference)
0 | 1] 1 | 0 [SelectInternal Reference (Power-Up Reference)
0 | 1| 1 | 1 |SelectExternal Reference (Power-Down
Reference)
111 ] 1] 1 |NoOperation
ADDRESS (n)*
A3 | A2 | A1 | AD
00| 0|0 |DACA
00| 0|1 |DACB
00| 1]0|DACC
00| 1] 1 |DACD
0|1]0]| 0 [DACE
0[1]0]| 1 |DACF
01| 1] 0 [DACG
01| 1] 1 |DACH
11| 1] 1 |AIDACs

*Command and address codes not shown are 