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ANALOG

DEVICES
LTC2644
Dual 12-/10-/8-Bit PWM
to Vout DACs with
10ppMm/°C Reference
FEATURES DESCRIPTION

No Latency PWM-to-Voltage Conversion
Voltage Output Updates and Settles within 8ps
100kHz to 30Hz PWM Input Frequency
+2.5LSB Max INL; +1LSB Max DNL (LTC2644-12)
Guaranteed Monotonic

Pin-Selectable Internal or External Reference
2.7V t0 5.5V Supply Range

1.71V to 5.5V Input Voltage Range

Low Power: 2.7mA at 3V, <1pA Power-Down
Guaranteed Operation from —40°C to 125°C
12-Lead MSOP Package

APPLICATIONS

Digital Calibration

Trimming and Adjustment

Level Setting

Process Control and Industrial Automation

The LTC®2644 is a family of dual 12-, 10-, and 8-bit
PWM-to-voltage output DACs with an integrated high
accuracy, low drift, 10ppm/°C reference in a 12-lead
MSOP package. It has rail-to-rail output buffers and is
guaranteed monotonic.

The LTC2644 measures the period and pulse width of the
PWM input signals and updates the voltage output DACs
after each corresponding PWM input rising edge. The DAC
outputs update and settle to 12-bit accuracy within 8ps
typically and are capable of sourcing and sinking up to
5mA (3V) or 10mA (5V), eliminating voltage ripple and
replacing slow analog filters and buffer amplifiers.

The LTC2644 has a full-scale output of 2.5V using the
10ppm/°C internal reference. It can operate with an exter-
nal reference, which sets the full-scale output equal to the
external reference voltage. Each DAC enters a pin-select-
able idle state when the PWM input is held unchanged for

Instrumentation more than 60ms. The part operates from a single 2.7V
Automotive to 5.5V supply and supports PWM input voltages from
1.71V 0 5.5V.
All registered trademarks and trademarks are the property of their respective owners. Protected
by U.S. Patents, including 5396245, 5859606, 6891433, 6937178, 7414561,
2-Channel PWM to Voltage Output DAC PWM Input to DAC QOutput
PWM INPUTS :
JLUL Ny i
|:> —, Vours f——— |:> DoERED 2V/DIV L
—INg Vourg f—"""— OUTPUTS :
LTC2644
1.7VT0 5.5V 10V REF o— [NPUT 1V T0 5.5V

0.1pF

REFSEL
GND
2644 TAOTa

0.1pF

I I QUTPUT: 1.25V
0.1pF —1PP Veg 2.7V T0 5.5V
P GND IDLSEL j |

Vouta
500mV/DIV f

2644TA01D

20ps/DIV
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LTC2644

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
Supply Voltages (Vog, 10VEE) weeeeererercrcenenene -0.3Vto 6V
INA, INB e -0.3Vto 6V
IDLSEL, PD, REFSEL .....ovvoevereeereerereerenes -0.3Vto 6V
VouTta, VOUTB -eveeeeeeeveeennns -0.3V to Min (Vg + 0.3V, 6V)
REF ..o, -0.3V to Min (V¢ + 0.3V, 6V)
Operating Temperature Range
LTC2644C.........ooeeeeeceeeeeeee, 0°Cto 70°C
LTC2644 ..., -40°C to 85°C
LTC2644H.........cooeeveeeeeeeee, -40°C to 125°C
Maximum Junction Temperature .........ccc.c.......... 150°C
Storage Temperature Range .................. -65°C to 150°C
Lead Temperature (Soldering, 10 SEC)................... 300°C

PIN CONFIGURATION
TOP VIEW
Voo 10 112 GND
Vouta 20 111 REFSEL

Vouts 304 110 REF

IDLSEL 4O (19 INp
10Vge 50 18 INg

GND 6 17 PD

MS PACKAGE

12-LEAD PLASTIC MSOP

(4mm x 4.9mm)
Tymax = 150°C, 644 = 135°C/W

Rev. B
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LTC2644

ORDER INFORMATION

LTC2644 C

Ms -L 12

#TR PBF

| LEAD FREE DESIGNATOR

| TAPE AND REEL
TR = 2,500-Piece Tape and Reel

RESOLUTION
12 = 12-Bit
10 = 10-Bit

8 = 8-Bit

| FULL-SCALE VOLTAGE, INTERNAL REFERENCE MODE
L=25V

| PACKAGE TYPE
MS = 12-Lead MSOP

| TEMPERATURE GRADE

C = Commercial Temperature Range (0°C to 70°C)

| = Industrial Temperature Range (—40°C to 85°C)

H = Automotive Temperature Range (-40°C to 125°C)

| PRODUCT PART NUMBER

Contact the factory for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.
Tape and reel specifications. Some packages are available in 500 unit reels through designated sales channels with #TRMPBF suffix.

PRODUCT SELECTION GUIDE

VFS WITH INTERNAL
PART NUMBER PART MARKING* | RESOLUTION CHANNELS REFERENCE MAXIMUM INL | PACKAGE DESCRIPTION
LTC2644-L12 644L12 12-Bit 2 2.5V +2.5L.5B 12-Lead Plastic MSOP
LTC2644-L10 644L10 10-Bit 2 2.5V +1LSB 12-Lead Plastic MSOP
LTC2644-L8 264418 8-Bit 2 2.5V +0.5LSB 12-Lead Plastic MSOP

*Temperature grades are identified by a label on the shipping container.

Rev. B
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LTC2644
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¢ = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.

LTC2644-L12/-L10/-L8 (Vs = 2.5V)

LTC2644-L8 LTC2644-L10 LTC2644-L12
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
DC Performance
Resolution o 3 10 12 Bits
Monotonicity Vee =3V, Internal Ref. (Note 3) (@] 8 10 12 Bits
DNL Differential Voo =3V, Internal Ref. (Note 3) | @ +0.5 +0.5 +1 LSB
Nonlinearity
INL Integral Nonlinearity | Vgg = 3V, Internal Ref. (Note 3) | @ +0.05 05 02 1 +1 +2.5 LSB
ZSE Zero-Scale Error Voo =3V, Internal Ref,, Code =0 |® 0.5 5 0.5 5 0.5 5 mV
Vos Offset Error Ve =3V, Internal Ref. (Note 4) | @ +05 15 +05 15 0.5 45 mV
Vostc | Vos Temperature Ve =3V, Internal Ref. (Note 9) +10 +10 +10 pv/°C
Coefficient
GE Gain Error Vg =3V, Internal Ref. ] +02 0.8 +02 0.8 +0.2 0.8 %FSR
GErg Gain Temperature | Vg = 3V, Internal Ref. (Note 9)
Coefficient C-grade 10 10 10 ppm/°C
I-grade 10 10 10 ppm/°C
H-grade 10 10 10 ppm/°C
Load Regulation Internal Ref., Mid-Scale, ° 0.009 0.016 0.035 0.064 0.14 0.256 | LSB/mA
Voo =3V £10%,
-5mA < lgyt < 5SmA
Voo =5V £10%, ° 0.009 0.016 0.035 0.064 0.14 0.256 | LSB/mA
—-10mA < lgyt < 10mA
Rout DC OQutput Internal Ref., Mid-Scale, ] 0.09 0.156 0.09 0.156 0.09 0.156 Q
Impedance Vg =3V +10%,
-5mA < lgyt < 5mA
Voo =5V £10%, ° 0.09 0.156 0.09 0.156 0.09 0.156 Q
-10mA < lgyt < 10mA
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vout DAC Output Span External Reference 0o Vper v
Internal Reference 0to 2.5 Y
PSR Power Supply Rejection Voo =3V £10% or 5V £10% -80 dB
Isc Short Circuit Output Current (Note 5) Vig = Vg = 5.5V
Sinking Zero-Scale; oyt Shorted to Vgg o 27 48 mA
Sourcing Full-Scale; Vout Shorted to GND ° -28 48 mA
Power Supply
Ve Positive Supply Voltage For Specified Performance [ 2.7 55 V
10Vee Digital Input Supply Voltage For Specified Performance ) 1.71 55
Ico Supply Current (Note 6) Ve =3V, Internal Reference ° 2.7 4 mA
Ve =5V, Internal Reference [ 4.6 6 mA
Iccqioveey | Supply Current, 10Vcc (Note 6) I0Vgp =5V ° 25 50 HA
Isp Supply Current in Power-Down Mode (Note 6)  |V¢¢ =5V, PD = 0V ° 0.5 5 LA
Isnovce) | Supply Current in Power-Down Mode, 10V |0V = 5V, PD = OV ° 05 5 HA
(Note 6)
Rev. B
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L TC2644
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¢ = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.

LTC2644-L12/-L10/-L8 (Vs = 2.5V)

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Reference Input
VREF Input Voltage Range ) 1 Ve V
Resistance ® 120 160 200 kQ
Capacitance 75 pF
IRer Reference Current, Power-Down Mode DAC Powered Down ) 0.005 15 pA
Reference Output
Output Voltage ) 1.24 1.25 1.26 v
Reference Temperature Coefficient (Note 9) +10 ppm/°C
Output Impedance 0.5 kQ
Capacitive Load Driving 10 uF
Short Circuit Current Vg = 5.5V, REF Shorted to GND 2.5 mA
Digital Inputs (IN, INg, PD)
AU Digital Input High Voltage @ | 0.8°10V¢g v
' Digital Input Low Voltage ) 0.5 v
Ik Digital Input Leakage INa/INg = GND to I0Vgg ° +1 HA
Cin Digital Input Capacitance (Note 7) ) 5 pF
AC Performance
ts Settling Time From INp/INg Rising Edge +0.39% (+1LSB at 8 Bits) 7.0 us
(Note 8) +0.098% (+1LSB at 10 Bits) 7.4 Us
+0.024% (+1LSB at 12 Bits) 7.8 Hs
Voltage Output Slew Rate 1.0 Vs
Capacitive Load Driving 500 pF
Glitch Impulse At Mid-Scale Transition 2.1 nVes
DAC-to-DAC Crosstalk 1 DAC Held at FS, 1 DAC Switched 0 to FS 0.9 nVes
Multiplying Bandwidth External Reference 320 kHz
en Output Voltage Noise Density At f = 1kHz, External Reference 180 nV/yHz
At f = 10kHz, External Reference 160 nV/yHz
At f = 1kHz, Internal Reference 200 nV/A/Hz
At f = 10kHz, Internal Reference 180 nV/yHz
Output Voltage Noise 0.1Hz to 10Hz, External Reference 35 uVp.p
0.1Hz to 10Hz, Internal Reference 40 uVp.p
0.1Hz to 200kHz, External Reference 680 uVp.p
0.1Hz to 200kHz, Internal Reference 730 HVp_p
CREF =01 UF
Rev. B
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LTC2644

GLGCT“IC“L CHHRHCTGBISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Ve = 2.7V to 5.5V, Vgyt unloaded unless otherwise specified.

LTC2644-L12/-L10/-L8 (Vs = 2.5V)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
tpwH INa/INg High Time o 25 ns
tpwL INa/INg Low Time [ 25 ns
tpeR INa/INg Rising Edge to Rising Edge Period LTC2644-L12 ® | 0.160 33 ms
LTC2644-L10 ® | 0.040 33 ms
LTC2644-L8 ® | 0010 33 ms
t3 INo/INg Idle Mode Timeout ) 50 70 ms
iy INa/INg Rising Edge to DAC Update Delay 3.2 us
fmax INa/INg Frequency LTC2644-L12 ° 0.03 6.25 kHz
LTC2644-L10 ° 0.03 25 kHz
LTC2644-L8 ° 0.03 100 kHz

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 with respect to GND.

Note 3: Linearity and monotonicity are defined from code 16 to code 4095
(LTC2644-12), code 4 to code 1023 (LTC2644-10) or code 1 to code 255

(LTC2644-8).

Note 4: Inferred from measurement at code 16 (LTC2644-12), code 4
(LTC2644-10) or code 1 (LTC2644-8), and at full-scale.

Note 5: 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 6: INx at OV or 10V.
Note 7: Guaranteed by design and not production tested.

Note 8: Internal Reference mode. DAC is stepped Y4 scale to 3% scale and

% scale to Y4 scale. Load is 2kQ in parallel with 100pF to GND.

Note 9: Temperature coefficient is calculated by dividing the maximum
change in output voltage by the specified temperature range.

Rev. B
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LTC2644

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS (Ta = 25°C, unless otherwise noted.)

LTC2644-12 (Internal Reference, Vs = 2.5V)

Differential Nonlinearity (DNL)

Integral Nonlinearity (INL)

1.0 ‘ 1.0 ‘
Vg =3V Veg =3V
tper = 200ps tpeR = 200ps
INTERNAL REFERENCE INTERNAL REFERENCE
05 | 05
3 | 3
2, > o
- -
E= g
-05 -05
-1.0 -1.0
0 25 50 75 100 0 25 50 75 100
DUTY CYCLE (%) DUTY CYGLE (%)
2644 GO1 2644 G02
Reference Output Voltage
INL vs Temperature DNL vs Temperature vs Temperature
1.0 : 1.0 ‘ 1.260
Vgg =3V Veg =3V Vee - 3V
—_ INL = (POS
05 — 0= (0% 05 1.255
— — DNL = (POS)
3 3 s
=0 S0 51.250
= = =
DNL = (NEG)
INL = (NEG)
-05 -05 1.245
1.0 -1.0 1.240
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
2644 GO3 2644 G04 2644 G05
Settling to +1LSB Rising Settling to +1LSB Falling
3/4 SCALE TO
- 1/4 SCALE STEP
INx 1/4 SCALE TO Vge = 5V, Vrg = 2.5V
SV 3/4 SCALE STEP — Voure | EbERiké éJLO - ; ggpF
Vee =5V, VEg = 2.5V
R =2k C=100pF  —| TLSBDIV | pyenTS
AVERAGE OF 256 EVENTS ‘ \
|
[
7us
N 7.8us
VouTx INx
1LSB/DIV 5V/DIV
2|JS/D|V 2644 G0B 2US/D|V 2644 GO7
Rev. B
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LTC2644

TVP'CHL PGBFOﬂmﬂﬂCG CHHRHCTGGISTICS (T = 25°C, unless otherwise noted.)

LTC2644-10 (Internal Reference, Vs = 2.5V)

Integral Nonlinearity (INL)

Differential Nonlinearity (DNL)

1.0 ‘ 1.0 ‘
Ve =3V Veg =3V
tpeg = 50ps tpeR = 50pis
INTERNAL REFERENCE INTERNAL REFERENCE
05 05
= =)
= BT T 2
-05 -05
-1.0 -1.0
0 25 50 75 100 0 25 50 75 100
DUTY CYCLE (%) DUTY CYCLE (%)
2644 G0 2644 G09
LTC2644-8 (Internal Reference, Vg = 2.5V)
Integral Nonlinearity (INL) Differential Nonlinearity (DNL)
1.0 ‘ ‘ 1.0 ‘ ‘
Voo =3V Voo =3V
tpeg = 10ps tper = 10
INTERNAL REFERENCE INTERNAL REFERENGE
0.5 05
= 0 IR T~ = 0 v
= =
= [}
05 -05
-1.0 -1.0
0 25 50 75 100 0 25 50 75 100
DUTY CYCLE (%) DUTY CYCLE (%)
2644 G10 2644 G11
LTC2644
Load Regulation Current Limiting Offset Error vs Temperature
10 : : - 0.20 I 3
Voo =5V | Voo =5V i
8 Vop=3V —==——= t 015 |- Veg =8V —=——= i
I I 2
6 I
i 0.10 ]
4 I I =
| S
E —T E I =
c 0 = 0 T £ 9
3 T 3 I s
= 2 = =
3 ] = -0.05 i ] 1
-4 I I Fol
I -0.10 } ©
-6 t I
I -0.15 | 2
8 | INTERNAL REF. | : | INTERNAL REF.
“ i CODE = MID-SCALE 020 CODE = MID-SCALE
30 20 -10 0 10 20 30 T30 20 -0 20 30 50 25 0 25 50 75 100 125
lout (MA) lout (MA) TEMPERATURE (°C)
2644 G12 2644 G13 2644 G14
Rev. B
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LTC2644

TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGGISTICS (Tp = 25°C, unless otherwise noted.)

(Internal Reference, Vgg = 2.5V)

INy to Vgyrx Delay

Large-Signal Response

Full-Scale Transition

T
¢
i

INp
\ 2/DIV
VouTx
0.5V/DIV
o
Vouta
500mV/DIV
- Vs = VRer = Vg = 5V
1/4 SCALE TO 3/4 SCALE
| | | | |
ZUS/DIV 2644 G15

Entering Idle Mode Full-Scale
from Mid-Scale (IDLSEL = GND)

2us/DIV

2644 G16

Exiting Idle Mode Zero-Scale
to Mid-Scale (IDLSEL=GND)

IN
2V/DIV

Vouta

500mV/DIV

INy (i { INy P INA
2V/DIV 2V/DIV 2V/DIV
[
:
; Vouta
i 500mV/DIV
f
Vouta [ VouTa
500mV/DIV T 500mV/DIV
i
|
10ms/DIV 2644 618 1ms/DIV 2644 619

Exiting Idle Mode Power-Down
(1 Channel) to Mid-Scale
(IDLSEL = V¢¢)

INa
2V/DIV

VREF {
1V/DIV

Vouta
500mV/DIV

500ps/DIV 2644 621

Vee
2V/DIV

INg
2V/DIV

VREF
1V/DIV

Vouta
2V/DIV

Entering Idle Mode Zero-Scale
from Mid-Scale (IDLSEL = GND)

I

|
‘«
“
\
|
f
|
|

10ms/DIV

Exiting Idle Mode Full-Scale

to Mid-Scale (IDLSEL = GND)

2644 G17

1ms/DIV

Power-On-Reset to Idle Mode

Full-Scale (IDLSEL = GND)

/

I
%
I
|
|
|
i
\
|
f
\
-
|
\
|
)
-

10ms/DIV

2644 G22

2644 G20
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LTC2644

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS (Ta = 25°C, unless otherwise noted.)

(Internal Reference, Vgg = 2.5V)

Supply Current vs Input Period
(tper)
8 T
LTC2644-12
7 | DUTY CYCLE = 50%
2-CHANNELS ACTIVE
|
6 g
5 \\_ Voo =5V
= v
g 4
(&)
©
3 I L Vg =3V
2
1
0
1 10 100 1000 10,000 100,000
PERIOD (uis)
2644 G23
Multiplying Bandwidth
2
0 N
-2
-4
-6
5 5 \
_10 7—77777#7—77777777—7l77”7
-12
14 | Vog =5V
VRer(ne) = 2V
-16 ’VREFéAC):O-ZVP-P
g LCODE = FULL SCALE
1k 10k 100k M
FREQUENCY (Hz)
2644 G26
Headroom at Rails vs
Output Current
5.0 —
45 5V SOURCING ]
40
35
3V SOURCING
— 3.0 =
= T
5 25
=
2.0
1.5 5V SINKING T |
1.0 \
05 3V SINKING —|————V—f—=
0 . \-'\&{-'—'- ==ET
01 2 3 4 5 6 7 8 9 10

2644 G29

Supply Current vs Duty Cycle
(tpw/tper)

Mid-Scale Glitch Impulse

3.00 ‘ —
LTC2644-12 LTC2644-12
Ve =3V, IDLSEL = 0V | Vg =5V
2-CHANNELS ACTIVE 2.1nV-s TYPICAL
tpeg = 200ps
2.75 ‘ — Ny
tper = 20ms 5V/DIV
=3
E 250
[&]
©
VouTx
2.25 5mV/DIV
2.00
0 25 50 75 100 2us/DIV 264425
DUTY CYCLE (%)
2645 G24
Gain Error vs Reference Input Gain Error vs Temperature
1.0 ——— 1.0
Vge = 5.5V
0.8 |- GAIN ERROR OF 2 CHANNELS
06
— 05
c 04 oc
[ [
8 02 £
[a's o
g 0 — g 0
oc o
502 o
= =
S-04 &
-05
-06
-08
1.0 1.0
115 2 25 3 35 4 45 5 55 50 25 0 25 50 75 100 125
REFERENCE VOLTAGE (V) TEMPERATURE (°C)
2644 G27 2644 G28
Noise Voltage vs Frequency DAC-to-DAC Crosstalk (Dynamic)
500 ——rrrrrr———r
Vo =5V
CODE = MID-SCALE INa ,
a0 INTERNAL REF 5V/DIV
g "
< DACA
=
= 300 ©\ SWITCH 0-FS /|
& \ 2V/DIV
=
S 200 N LTC2644-12, Vg = 5V
z W] L .«l"‘\ VREr = 2.5V
2 3 0.9nV-s TYP
= Vouts N
100 1mV/DIV
0 2644 G31
100 1K 10k 100k M 2yis/DIV
FREQUENCY (Hz)
2644 G30
Rev. B
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LTC2644

PIN FUNCTIONS

Ve (Pin 1): Supply Voltage Input. 2.7V < Vgg < 5.5V.
Bypass to GND with a 0.1yF capacitor.

Vouta, Vouts (Pins 2, 3): DAC Analog Voltage Outputs.
The DAC output voltage can be calculated by the follow-
ing equation:

Voutx = VRer ® trwHx/tPERX

where Vrgr is 2.5V in internal reference mode or the REF
pin voltage in external reference mode, tpyyHy i the pulse
width of the preceding INy period and tpgry is the time
between the two most recent INy rising edges.

IDLSEL (Pin 4): Idle Mode Select Input. Connect IDLSEL
to GND or Vg to select the behavior of the DAC output
when there has been no rising edge on the PWM input for
more than the idle mode timeout delay t3 (nominal delay
is 60ms). Available idle mode states are power-down with
high impedance output, hold previous state, zero-scale or
full-scale. This pin also selects the initial state of the DAC
outputs following a power-on reset.

10V¢c (Pin 5): 1/0 Supply Voltage Input. 1.71V < 10V <
5.5V. Bypass to GND with a 0.1pF capacitor.

GND (Pins 6, 12): Ground.

PD (Pin 7): Active-Low Power-Down Input. Connect PD
to GND to place the part in power-down with a typical
supply current of <1pA. Connect PD to 10V for normal
operation.

INp, INg (Pins 9, 8): PWM Inputs. Apply a pulse-width
modulated input frequency between 30Hz and 6.25kHz
(12-bit), 25kHz (10-bit) or 100kHz (8-bit). After each
INy rising edge, the part calculates the duty cycle based
upon the pulse width and period and updates DAC channel
Voutx. Logic levels are referenced to 10V¢g.

REFSEL (Pin 11): Reference Select Input. Connect REFSEL
to GND to select internal reference mode. Connect REFSEL
to V¢ to select external reference mode.

REF (Pin 10): Reference Voltage Input or Output. When
REFSEL is connected to Vg, REF is an input (1V < Vger
<Vgc) where the voltage supplied sets the full-scale DAC
output voltage. When REFSEL is connected to GND, the
10ppm/°C, 1.25V internal reference (half full-scale) is
available at the pin. This output may be bypassed to GND
with up to 10pF and must be buffered when driving exter-
nal DC load current.

BLOCK DIRGRAM

INTERNAL REFERENCE  |—— SWITCH

¢ VRer

PWM TO BINARY
CONVERSION

DACA

b;
e

PWM TO BINARY
CONVERSION

DAC B

)
=

2644 BD

Rev. B
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LTC2644

TIMING DIAGRAMS

tPwH T

INy / \

treR
f3
ts
Vour = (trwH/tPer) * VREF
VouTtx [ IDLE STATE
t 2644 TDO1a
4
Figure 1a.
SAMPLE #1 HOLD #1 SAMPLE #2 HOLD #2
tpwH1 tPwH2
[ le—
Ny [ [ [
tPER1 tHoLD1 > 13 ‘
t
tow <t PER2 .
PIL<TS Vout2 = (tPwH2/tpER2) *VREF
Vourtt = (tpwH1/tPEr1) “VREF FTo0m
Voutx V ty— <
14— ‘4—
Figure 1b. Sample/Hold Operation (IDLSEL = V¢¢)
SAMPLE #1 SAMPLE #2
tPwH1 tpwh2
[ |-
INx /
tPER1 tipLE(Low) 2 13 | tPER2 tDLE(HIGH) = 13
Vour = VRer
_ . IDLE STATE _ . IDLE STATE
Vourt = (tpwh1/tPer1) * VREF TIMEOUT Vourz = (tpwH2/tPER2) * VREF [ TIMEOUT
LOW HIGH
Vourtx VouT = GND
tg— - tg—> == 2644 TDO1c

Figure 1c. Transparent Operation (IDLSEL = GND)

Rev. B
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LTC2644

OPERATION

The LTC2644 is a family of dual PWM input, voltage output
DACs in a 12-lead MSOP package. The part measures the
pulse width and period of the PWM inputs and updates
each DAC output after the corresponding PWM input
rising edge. Each DAC can operate rail-to-rail using an
external reference, or with a 2.5V full-scale voltage using
an integrated reference. Three resolutions (12-, 10-, and
8-bit) are available.

PWM-to-Voltage Conversion

The LTC2644 converts a PWM input to an accurate, sta-
ble, buffered voltage without the latency, slow settling,
and high-value passive components required for discrete
solutions. The PWM input pins (INy) accept frequencies
from 30Hz up to 6.25kHz (12-bit), 25kHz (10-bit), or
100kHz (8-bit).

The duty cycle is calculated after each PWM input rising
edge based upon the previous high and low pulse width.
The resulting digital DAC code k is calculated as:

k=2 e tpyiix / tperx

where tpyyHy is the pulse width of the preceding INy period
and tpgry is the time between the two most recent INy
rising edges. The digital-to-analog transfer function is:

K N
VOUT(IDEAL)=(2—N) Vper, fork=0to2" -1

where N is the resolution, Ve is 2.5V for internal reference
mode or the REF pin voltage for external reference mode.

DAC Update Timing

The update for DAC output Voyrx occurs following each
rising edge input on INy (Figure 1a). Delay tg is the delay
from an IN rising edge to the Vgyry settled output volt-
age corresponding to the previous period’s duty cycle.
Delay tg is composed of the computational cycle delay (t4)
and the actual settling of the output DAC. The PWM-to-
binary, internal computational cycle begins immediately

following the INy rising edge. The computational cycle
is completed after delay t4 and the DAC output Voyryx is
updated. The DAC output typically settles to 12-bit accu-
racy within 8us from the INy rising edge.

PWM Input Idle Mode Selection

When no PWM input rising edge is received for more than
the idle mode timeout delay t3 (nominal delay is 60ms),
the DAC output enters an idle mode state which can be
configured by connecting IDLSEL to GND or V¢ accord-
ing to Table 1 below. Note that these pins also control the
initial state of the DACs after power-on reset.

Table 1. Power-On Reset and Idle Mode States

IDLSEL Power-On Reset INy Idle Low INy Idle Hi
GND Zero-Scale Zero-Scale Full-Scale
Ve Power-Down Hi-Z Power-Down Hi-Z Hold

Transparent Operation

For applications in which the PWM input duty cycle may
be 0% or 100%, connect IDLSEL to GND to select trans-
parent operation, in which case an idle low input sets the
DAC to zero-scale or an idle high input sets the DAC to
full-scale. Figure 1c illustrates the timing for transparent
operation. Any pair of PWM input rising edges separated
by less than the idle mode timeout delay t3 (50ms mini-
mum) will cause the DAC code to be updated following
the second rising edge. Note that an idle high input state
may be followed by an idle low input state.

Sample/Hold Operation

The LTC2644 has the capability to sample the pulse-
width/period and hold the corresponding voltage level
indefinitely. Unlike analog filter implementations which
require the PWM input to run continuously, the LTC2644
may operate with a discontinuous PWM input. Connect
IDLSEL to Vg to select sample/hold operation, in which a
single pair of rising edges is sufficient to update the DAC,
and the DAC code retains its previous value when the
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OPERATION

PWM input idles high. Figure 1b illustrates correct tim-
ing for sample/hold operations. Any pair of rising edges
separated by less than the idle timeout delay t3 (50ms
minimum) will cause the DAC code to be updated. Any
pair of rising edges separated by more than t3 (70ms
maximum) will be ignored and the DAC code will retain
its previous value. Note that after power-on-reset or when
INy idles low, the DAC will power down with a high imped-
ance output.

Short INy Period Operation

The accuracy of the PWM to voltage conversion is guar-
anteed for INy input frequencies up to 6.25 kHz (12-hit),
25kHz (10-bit) or 100kHz (8-bit). Faster INy input fre-
quencies will proportionally decrease the resolution and
accuracy of the analog output. For INy input periods of
less than the computational delay t4 (nominally 3.2ps), the
DAC update will be skipped and the DAC code will retain
its previous value.

Short INy Pulse-Width Operation

Provide INy input high and low pulse widths greater than
tpwh and tpyy to ensure that the DAC output is updated
after every INy rising edge. High going pulses narrower
than tpyy will cause the DAC code to be calculated as
zero-scale, and low going pulses narrower than tpyy will
cause the DAC code to be calculated as full-scale. For
much narrower pulse widths of only a few nanoseconds,
the input edge may not be recognized, in which case the
DAC update will be skipped entirely and the DAC code will
retain its previous value.

Power-On Reset

The LTC2644 resets the output to a known state when
power is first applied, making system initialization con-
sistent and repeatable. Connect the IDLSEL pin to GND or
V¢ according to Table 1 to cause the DAGs to initialize to
zero-scale or with the device powered down and the DAC
outputs high impedance.

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 LTC2644 con-
tains circuitry to reduce the power-on glitch when zero-
scale reset is selected: the analog output typically rises
less than 5mV above zero-scale during power on if the
power supply is ramped to 5V in Tms or more. In general,
the glitch amplitude decreases as the power supply ramp
time is increased.

Reference Modes

For applications where an accurate external reference
is not available, nor desirable due to limited space, the
LTC2644 has a user-selectable, integrated reference.
Internal Reference mode can be selected by connecting
the REFSEL pin to GND.

The 10ppm/°C, 1.25V internal reference is available at
the REF pin. This voltage is internally amplified by 2x to
provide a 2.5V full-scale DAC output voltage range. Add-
ing bypass capacitance to the REF pin will improve noise
performance; 0.1pF is recommended, and up to 10pF can
be driven without oscillation. The REF output must be
buffered when driving an external DC load current.

Alternatively, the DAC can operate in External Reference
mode by connecting the REFSEL pin to V. In this mode,
an input voltage supplied externally to the REF pin pro-
vides the reference (1V < VRgr < V) and the supply
current is reduced. In this mode the full-scale DAC output
voltage is equal to the voltage at the REF pin.

Power-Down Mode

For power constrained applications, power-down mode
can be used to reduce the supply current whenever less
than two DAC outputs are needed. When in power-down
mode, the buffer amplifiers, bias circuits, and integrated
reference circuits are disabled, and draw essentially
zero current.

Rev. B

14

For more information www.analog.com



LTC2644

OPERATION

If IDLSEL is connected to Vg, either or both channels
can be powered down by keeping the PWM input(s)
(INp/INg) low for the idle mode timeout delay t3. The inte-
grated reference is automatically powered down when
external reference mode is selected or when both DAC
channels are powered down. In addition, both DAC chan-
nels and the integrated reference can be powered down
by pulling the PD pin low. When the integrated reference
is powered down, the REF pin becomes high impedance
(typically > 1GQ).

Normal operating current resumes when PD returns high
for transparent operation (IDLSEL = GND). For sample/
hold operation (IDLSEL = Vgg), the LTC2644 remains
in full power-down until the first rising edge is received
on any PWM input. Any pair of PWM input rising edges
separated by less than the idle mode timeout delay t3
(50ms minimum) will cause the DAC code to be updated.
The DAC output(s) will remain in Hi-Z until the channel
is updated following the second rising PWM input edge.

Voltage Output

The LTC2644’s integrated rail-to-rail amplifier has guar-
anteed load regulation when sourcing or sinking up to
10mA at 5V, and 5mA at 3V.

Load regulation is a measure of the amplifier’s ability to
maintain the rated voltage accuracy over a wide range of
load current. The measured change in output voltage per
change in forced load current is expressed in LSB/mA.

DC output impedance is equivalent to load regulation, and
may be derived from it by simply calculating a change
in units from LSB/mA to Q. The amplifier's DC output
impedance is 0.1Q2 when driving a load well away from
the rails.

When drawing a load current from either rail, the output
voltage headroom with respect to that rail is limited by
the 50Q typical channel resistance of the output devices

(e.g., when sinking 1mA, the minimum output voltage
is 50Q » 1mA, or 50mV). See the graph Headroom at
Rails vs Output Current in the Typical Performance
Characteristics section.

The amplifier is stable driving capacitive loads of up
to 500pF.

Rail-to-Rail Output Considerations

In any rail-to-rail voltage output device, the output is lim-
ited to voltages within the supply range.

Since the analog output of the DAC cannot go below
ground, it may limit the lowest codes reachable as shown
in Figure 2b. Similarly, limiting can occur near full-scale
when the REF pin is tied to V. If VRee = Ve and the DAC
full-scale error (FSE) is positive, the output for the highest
codes limits at Vg, as shown in Figure 2¢. No full-scale
limiting will occur if Vger is less than Vge—FSE.

Offset and linearity are defined and tested over the region
of the DAC transfer function where no output limiting can
occur.

Board Layout

The PC board should have separate areas for the analog
and digital sections of the circuit. A single, solid ground
plane should be used, with analog and digital signals care-
fully routed over separate areas of the plane. This keeps
digital signals away from sensitive analog signals and
minimizes the interaction between digital ground currents
and the analog section of the ground plane. The resistance
from the LTC2644 GND pin to the ground plane should
be as low as possible. Resistance here will add directly to
the effective DC output impedance of the device (typically
0.1Q2). Note that the LTC2644 is no more susceptible to
this effect than any other parts of this type; on the con-
trary, it allows layout-based performance improvements
to shine rather than limiting attainable performance with
excessive internal resistance.
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Another technique for minimizing errors is to use a sepa-
rate power ground return trace on another board layer.
The trace should run between the point where the power
supply is connected to the board and the DAC ground pin.
Thus the DAC ground pin becomes the common point for
analog ground, digital ground, and power ground. When
the LTC2644 is sinking large currents, this current flows

OUTPUT
VOLTAGE

"

OUTPUT
VOLTAGE

VReF = Vce

out of the ground pin and directly into the power ground
trace without affecting the analog ground plane voltage.

It is sometimes necessary to interrupt the ground plane
to confine digital ground currents to the digital portion of
the plane. When doing this, make the gap in the plane only
as long as it needs to be to serve its purpose and ensure
that no traces cross over the gap.

td
Pid POSITIVE
VRer = Vee s FSE

OUTPUT
VOLTAGE

INPUT CODE
(c)

zzzzzzz

ov
0

ov =
NEGATIVE -7 INPUT CODE
OFFSET e
L (b)

2048 4095
INPUT CODE

(a)

Figure 2. Effects of Rail-to-Rail Operation on a DAC Transfer Curve (Shown for 12 Bits).

(a) Overall Transfer Function

(b) Effect of Negative Offset for Codes Near Zero
(c) Effect of Positive Full-Scale Error for Codes Near Full-Scale
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TYPICAL APPLICATIONS
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Figure 3. Analog Control Voltage with PWM Transmission to DAC Control Voltage Output
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PACKAGE DESCRIPTION

MS Package
12-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1668 Rev A)

0.889 0.127
(.035 +.005)
(52'2]?) 3.20 - 3.45
i (126 .136)
»gao D L0s9:0102
0.42 £0.038 0.65 (159 +.004)
(0165+.0015) ' «(-328%6) (NOTE3) | 0.406 40,076
e 1211109 87 [ (016+003)
RECOMMENDED SOLDER PAD LAYOUT H H H H H REF
DETAIL “A” 3.00£0.102
0.254 4.90 £0.152 | 1 | (18 £.004)
(Ol 0) _6°TY (.193 +.006) 5 (NOTE 4)
GAUGE PLANE ¢ H H H H H H
i ‘ ¢ 0.53:+0.152 r
(.021+.006) 1 23450 0.86
g (.043) (.034)
DETAIL “A o REF
0.18 SEATING
027 j PLANE h;ﬂ;ﬂ;ﬂ;ﬂ;ﬂj
022-038 ||, t 0.1016 £0.0508
(009 018) (004 £002)
NOTE: TYp oy R MSOP (VMS12) 0213 REV A
: (.0256)
1. DIMENSIONS IN MILLIMETER/(INCH) BSC

2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 02/17 | Corrected Voyr(ipEAL) €quUation 13
B 11/18 | Corrected units of Qutput Voltage Noise 5
Rev. B

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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LTC2644
TYPICAL APPLICATION
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Figure 4. Voltage Margining Application with LTC3850 (3.3V £10%)
PART NUMBER DESCRIPTION COMMENTS
LTC2645 Quad 12-/10-/8-Bit PWM to Vgyt DACs with Zero Latency Bus Update, 100kHz to 30Hz Input Frequency, +2.5LSB INL,
10ppm/°C Reference 2.7V t0 5.5V Supply Range, 16-Lead MSOP Package
LT®1991 Precision, 100pA Gain Selectable Amplifier Gain Accuracy of 0.04%, Gains from —13 to 14, 100pA Precision Op Amp
LT1469-2 Dual 200MHz, 30V/ps 16-Bit Accurate Op Amp | 200MHz Gain Bandwidth, 125pV Offset, 30V/us Slew Rate Precision Op Amp
LTC2055 Dual Micropower Zero-Drift Op Amp 2.7V Minimum Supply Voltage, 150pA Supply Current per Amplifier,
Zero-Drift Op Amp
LTC6992 Timer Blox: Voltage-Controlled Pulse Width 3.8Hz to 1MHz Output Frequency Range, 0V to 1V Analog Input, < 1.7% Maximum
Modulator (PWM) Frequency Error
LTC2632/LTC2633 | Dual 12-/10-/8-Bit SPI/I2C Vgyt DACs with +2.5LSB INL, 2.7V to 5.5V Supply Range, 10ppm/°C Reference, External REF Mode,
10ppm/°C Reference 8-Lead ThinSOT™ Package
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