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FEATURES

= Integrated Precision Reference

2.5V Full-Scale 10ppm/°C (LTC2640-L)

4.096V Full-Scale 10ppm/°C (LTC2640-H)
Maximum INL Error: 1LSB (LTC2640A-12)
Bidirectional Reference: Input or 10ppm/°C Output
Low Noise (0.7mVpp, 0.1Hz to 200kHz)
Guaranteed Monotonic Over Temperature

2.7V t0 5.5V Supply Range (LTC2640-L)

Low Power Operation: 180pA at 3V

Power Down to 1.8uA Maximum (C and | Grades)
Asynchronous DAC Clear Pin (LTC2640-Z)
Power-On Reset to Zero or Mid-Scale options
Double-Buffered Data Latches

Guaranteed Operation from —40°C to 125°C (H-Grade)
8-Lead TSOT-23 (ThinSOT™) Package

APPLICATIONS

Mobile Communications

Process Control and Industrial Automation
Automatic Test Equipment

Portable Equipment

Automotive

Optical Networking

Single 12-/10-/8-Bit SPI
Vout DACs with
10ppMm/°C Reference

DESCRIPTION

The LTC®2640 is a family of 12-, 10-, and 8-bit voltage-
output DACs with an integrated, high-accuracy, low-drift
referenceinan 8-lead TSOT-23 package. It has a rail-to-rail
output buffer that is guaranteed monotonic.

The LTC2640-L hasafull-scale output of 2.5V, and operates
from a single 2.7V to 5.5V supply. The LTC2640-H has a
full-scale output of 4.096V, and operates from a 4.5V to
5.5V supply. A 10ppm/°C reference output is available at
the REF pin.

Each DAC can also operate in External Reference mode,
in which a voltage supplied to the REF pin sets the full-
scale output.

The LTC2640 DACs use a SPI/MICROWIRE™ compatible
3-wire serial interface which operates at clock rates up
to 50MHz.

The LTC2640 incorporates a power-on reset circuit. Op-
tions are available for Reset to Zero-Scale or Reset to
Mid-Scale after power-up.

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
ThinSOT is a trademark of Analog Devices, Inc. All other trademarks are the property of their
respective owners. Protected by U.S. Patents, including 5396245, 5859606, 6891433, 6937178
and 7414561.

BLOCK DINGRAM (L1c2640-2)
0 u
Vee T Integral Nonlinearity (LTC2640A-LZ12)
INTERNAL > 10 V 3V
SWITCH cc=
[] SDI REFERENCE —> Vg = 2.5V
j‘> CONTROL ,| RESISTOR _
SCK 24-BIT DECODE LOGIC DIVIDER (2
[F—— sur =
REGISTER =
v v
DACREF
CS/LD
[F— INPUT DAC DAG Vout 1
REGISTER REGISTER
-1.0
0 1024 2048 3072 4095
N 1 ? GND CODE
CLR 1 1 2640 TAOTD
I—I I—I 2640 TAO1

2640fd

For more information www.linear.com/LTC2640 1


http://www.linear.com/LTC2640
http://www.linear.com/LTC2640

LTC2640

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
Supply Voltage (Vgg) oeveverreveceeeeiieciicns -0.3Vto 6V  Maximum Junction Temperature ......................... 150°C
CLR, CS/LD, REF_SEL, SCK, SDI ................. -0.3Vto 6V  Storage Temperature Range .................. -65°C to 150°C
VouT, REF o -0.3V to Min(Vgg + 0.3V, 6V)  Lead Temperature (Soldering, 10 sec)................... 300°C
Operating Temperature Range
LTC2640C.........ccooveeeeeeeeeeeeeee s 0°Cto 70°C
LTC26401 ..., -40°C to 85°C
LTC2640H.........coooeiieeeeieeeeeeen -40°C to 125°C
PIN CONFIGURATION
LTC2640-Z LTC2640-M
TOP VIEW TOP VIEW
CSp1[|°  [J8TIR CSD1[|°  [_J8REFSEL
SCK2[| 17 Vour SCK2 [ 17Vt
SDI3[ ] | |6 REF SDI3[_] | |6 REF
GND 4[] 15V GND 4[] 15V
TS8 PACKAGE TS8 PACKAGE
8-LEAD PLASTIC TSOT-23 8-LEAD PLASTIC TSOT-23
Tymax = 150°C (NOTE 5), 634 = 195°C/W Tymax = 150°C (NOTE 5), 6,p = 195°C/W
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LTC2640

Oﬁ DER "‘FOﬂmﬂTlon hitp://www.linear.com/product/LTC26404#orderinfo

LTC2640 A C T88 -L M 12 #TRM PBF

| LEAD FREE DESIGNATOR

| TAPE AND REEL

TR = 2,500-Piece Tape and Reel
TRM = 500-Piece Tape and Reel

| RESOLUTION
12 =12-Bit
10 = 10-Bit

8 = 8-Bit

| POWER-ON RESET
M = Reset to Mid-Scale
Z = Reset to Zero-Scale

| FULL-SCALE VOLTAGE, INTERNAL REFERENCE MODE
L=25V
H =4.096V

| PACKAGE TYPE
TS8 = 8-Lead Plastic TSOT-23

| 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)

| ELECTRICAL GRADE (OPTIONAL)
A = +1LSB Maximum INL (12-Bit)

| 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/. Some packages are available in 500 unit reels through
designated sales channels with #TRMPBF suffix.
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LTC2640

PRODUCT SELECTION GUIDE

Vs WITH INTERNAL

POWER-ON RESET

PART NUMBER | PART MARKING* | REFERENCE TO CODE PIN 8 RESOLUTION |Vge MAXIMUM INL
LTC2640A-LM12 |LTDHV 2.5V« (4095/4096) Mid-Scale REF_SEL  |12-Bit 2.7V-55V |+1LSB
LTC2640A-LZ12 |LTDHW 2.5V« (4095/4096) Zgero CLR 12-Bit 2.7V-55V |+1LSB
LTC2640A-HM12 |LTDHX 4.096V  (4095/4096) Mid-Scale REF_SEL  |12-Bit 45V-5.5V |+1LSB
LTC2640A-HZ12 |LTDHY 4.096V  (4095/4096) Zgro CLR 12-Bit 45V-5.5V |+1LSB
LTC2640-LM12  |LTDHV 2.5V« (4095/4096) Mid-Scale REF_SEL |12-Bit 2.7V -55V |+2.5LSB
LTC2640-LM10  |LTDHZ 2.5V« (1023/1024) Mid-Scale REF_SEL |10-Bit 2.7V-55V |+1LSB
LTC2640-LM8 LTDJF 2.5V * (255/256) Mid-Scale REF_SEL  |8-Bit 2.7V -5.5V |£0.5LSB
LTC2640-L212  |LTDHW 2.5V « (4095/4096) Zero CLR 12-Bit 2.7V -5.5V |+2.5LSB
LTC2640-L210  |LTDJB 2.5V« (1023/1024) Zero CLR 10-Bit 2.7V -5.5V |+1LSB
LTC2640-LZ8 LTDJG 2.5V « (255/256) Zero CLR 8-Bit 2.7V -5.5V  |£0.5LSB
LTC2640-HM12  |LTDHX 4.096V  (4095/4096) Mid-Scale REF_SEL |12-Bit 45V-5.5V |£2.5LSB
LTC2640-HM10  |LTDJC 4.096V  (1023/1024) Mid-Scale REF_SEL  |10-Bit 45V-5.5V |+1LSB
LTC2640-HM8 LTDJH 4.096V  (255/256) Mid-Scale REF_SEL  |8-Bit 45V-5.5V |£0.5LSB
LTC2640-HZ12  |LTDHY 4.096V « (4095/4096) Zero CLR 12-Bit 45V-55V |£2.5LSB
LTC2640-HZ10  |LTDJD 4.096V « (1023/1024) Zgero CLR 10-Bit 45V-5.5V |+1LSB
LTC2640-HZ8 LTDJJ 4.096V  (255/256) Zgero CLR 8-Bit 45V-5.5V |£0.5LSB

*The temperature grade is identified by a label on the shipping container.
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LTC2640

GLGCTRKHL CHﬂﬂﬂCTGﬁISTICS 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.

LTC2640-LM12/-LM10/-LM8/-LZ12/-LZ10/-LZ8, LTC2640A-LM12/-LZ12 (Vfs = 2.5V)

LTC2640-8 LTC2640-10 LTC2640-12 LTC2640A-12
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX [MIN TYP MAX|MIN TYP MAX MIN TYP MAX| UNITS
DC Performance
Resolution o 10 12 12 Bits
Monotonicity Vo =3V, Internal Ref. (Note 3) | @ 10 12 12 Bits
DNL Differential Vo =3V, Internal Ref. (Note 3) | ® +0.5 +0.5 +1 1 LSB
Nonlinearity
INL Integral Vo =3V, Internal Ref. (Note 3) | ® +0.05 05 0.2  +1 +1 £25 05 1 LSB
Nonlinearity
ZSE Zero-Scale Error | Vg = 3V, Internal Ref., [ 0.5 5 05 5 05 5 05 5 mV
Code=0
Vos Offset Error Vo =3V, Internal Ref. (Note 4) | @ 05 45 +05 45 0.5 45 +0.5 45 mV
Voste | Vog Temperature | Vgg = 3V, Internal Ref. (Note 4) +10 +10 +10 +10 uv/°C
Coefficient
FSE Full-Scale Error | Voo =3V, Internal Ref. (Note 10) | @ +0.08 04 +0.08 0.4 +0.08 04 +0.08 0.4 | %FSR
VEsTe Full-Scale Voltage | Vgg = 3V, Internal Ref. (Note 9)
Temperature C-Grade +10 +10 +10 +10 ppm/°C
Coefficient [-Grade +10 +10 +10 +10 ppm/°C
H-Grade +10 +10 +10 +10 ppm/°C
Load Regulation | Internal Ref., Mid-Scale,
Voo =3V £10%, ° 0.009 0.016 0.035 0.064 0.14 0.256 0.14 0.256|LSB/mA
-5mA < gyt < 5MA,
Voo =5V £10%, ° 0.009 0.016 0.035 0.064 0.14 0.256 0.14 0.256|LSB/mA
=10mA < lgyt < 10mA
Rout DC Output Internal Ref., Mid-Scale,
Impedance Voo =3V £10%, o 0.09 0.156 0.09 0.156 0.09 0.156 0.09 0.156 Q
-5mA < gyt < 5MA,
Voo =5V £10%, ° 0.09 0.156 0.09 0.156 0.09 0.156 0.09 0.156
-10mA < gyt < 10mA
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vourt DAC Output Span External Reference 0to Vper v
Internal Reference 0to2.5 v
PSR Power Supply Rejection Voo =3V £10% or 5V £10% -80 aB
Isc Short-Circuit Output Current (Note 5) Vg = Vg = 5.5V
Sinking Zero-Scale; Voyr shorted to Vgg o 27 48 mA
Sourcing Full-Scale; Voyr shorted to GND ° -28 -48 mA
Power Supply
Vee Positive Supply Voltage For Specified Performance ® 2.7 55 V
Iee Supply Current (Note 6) Voo =3V, VRer = 2.5V, External Reference | @ 150 200 HA
Ve =3V, Internal Reference ® 180 240 HA
Voo =5V, VRer = 2.5V, External Reference | @ 160 210 HA
Vo =5V, Internal Reference [ 190 260 HA
Isp Supply Current in Power-Down Mode Vo =5V, C-Grade, I-Grade ) 0.6 1.8 HA
(Note 6) Ve =5V, H-Grade o 0.6 4 HA
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LTC2640

GLGCTBICHL CHHRHCTGBISTICS The e 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.

LTC2640-LM12/-LM10/-LM8/-LZ12/-LZ10/-LZ8, LTC2640A-LM12/-LZ12 (Vfs = 2.5V)

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Reference Input
Input Voltage Range ) 0 Ve V
Resistance ® 160 190 220 kQ
Capacitance 7.5 pF
IRer Reference Current, Power-Down Mode | DAC Powered Down o 0.005 0.1 HA
Reference Output
Output Voltage o 1.240 1.250 1.260 v
Reference Temperature Coefficient £10 ppm/°C
Output Impedance 0.5 kQ
Capacitive Load Driving 10 uF
Short-Circuit Current Ve = 5.5V; REF Shorted to GND 2.5 mA
Digital 1/0
A Digital Input High Voltage Voo =3.6V10 5.5V ) 24 V
Voo =2.7V 10 3.6V o 2 Y
Vi Digital Input Low Voltage Voo =4.5V10 5.5V ) 0.8 V
Voo =2.7V 10 4.5V [ 0.6 v
Ik Digital Input Leakage Vin=GND to Vg ) +1 HA
Cin Digital Input Capacitance (Note 7) ) 2.5 pF
AC Performance
ts Settling Time Vo =3V (Note 8)
+0.39% (+1LSB at 8-Bits) 3.2 us
+0.098% (x1LSB at 10-Bits) 3.8 us
+0.024% (+1LSB at 12-Bits) 41 us
Voltage Output Slew Rate 1 Vs
Capacitance Load Driving 500 pF
Glitch Impulse At Mid-Scale Transition 2.1 nVes
Multiplying Bandwidth External Reference 300 kHz
en Output Voltage Noise Density At f = 1kHz, External Reference 140 nVyHz
At f = 10kHz, External Reference 130 nVyHz
At f = 1kHz, Internal Reference 160 nVyHz
At f = 10kHz, Internal Reference 150 nVyHz
Output Voltage Noise 0.1Hz to 10Hz, External Reference 20 uVp_p
0.1Hz to 10Hz, Internal Reference 20 HVp.p
0.1Hz to 200kHz, External Reference 650 uVp_p
0.1Hz to 200kHz, Internal Reference, 670 PVp-p

CREF =0.33pF
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LTC2640
TlmlnG CHHRHCTGBBTKS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vg = 2.7V to 5.5V. (See Figure 1) (Note 7).

LTC2640-LM12/-LM10/-LM8/-LZ12/-LZ10/-LZ8, LTC2640A-LM12/-LZ12 (Vfs = 2.5V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
ty SDI Valid to SCK Setup o ns
to SDI Valid to SCK Hold ) ns
t3 SCK High Time [ ns
iy SCK Low Time ® ns
ts CS/LD Pulse Width [ 10 ns
tg LSB SCK High to CS/LD High ° 7 ns
t; CS/LD Low to SCK High ° 7 ns
tg CLR Pulse Width ° 20 ns
t1o CS/LD High to SCK Pos. Edge ° 7 ns
SCK Frequency 50% Duty Cycle ) 50 MHz
GLGCT"HCHL CHHRHCTG'“STKS The @ denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. V¢ = 4.5V to 5.5V, Vgyt unloaded unless otherwise specified.
LTC2640-HM12/-HM10/-HM8/-HZ12/-HZ10/-HZ8, LTC2640A-HM12/-HZ12 (Vg = 4.096V)
LTC2640-8 LTC2640-10 LTC2640-12 LTC2640A-12
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX [MIN TYP MAX|MIN TYP MAX |MIN TYP MAX| UNITS
DC Performance
Resolution o 10 12 12 Bits
Monotonicity Vo =5V, Internal Ref. (Note 3) | ® 10 12 12 Bits
DNL Differential Vg =5V, Internal Ref. (Note 3) | ® +0.5 +0.5 +1 +1 LSB
Nonlinearity
INL Integral Vg =5V, Internal Ref. (Note 3) | ® +0.05 0.5 02 1 +1 25 05 1 LSB
Nonlinearity
ZSE Zero-Scale Error | Vg =5V, Internal Ref., ® 0.5 5 05 5 0.5 5 05 5 mV
Code =0
Vos Offset Error Vo =5V, Internal Ref. (Note 4) | ® +05 45 0.5 5 +05 45 +05 5 mV
Vostc | Vos Temperature |Vgg =5V, Internal Ref. (Note 4) +1 +10 +10 +10 pv/ec
Coefficient
FSE Full-Scale Error | Vgg =5V, Internal Ref. (Note 10) | ® +0.08 04 +0.08 0.4 +0.08 0.4 +0.08 +0.4 | %FSR
VEsTo Full-Scale Voltage | Vgc = 5V, Internal Ref. (Note 9)
Temperature C-Grade +10 +10 +10 +10 ppm/°C
Coefficient |-Grade +10 +10 +10 +10 ppm/°C
H-Grade +10 +10 +10 +10 ppm/°C
Load Regulation |Vgg =5V £10%, (] 0.006 0.01 0.022 0.04 0.09 0.16 0.09 0.16 |LSB/mA
Internal Ref. Mid-Scale,
-10mA < lgyt < 10mA
Rout DC Qutput Vo =5V £10%, o 0.09 0.156 0.09 0.156 0.09 0.156 0.09 0.156 Q
Impedance Internal Ref. Mid-Scale,
-10mA < lgyt < 10mA
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LTC2640

GLGCTBICHL 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, Vgyt unloaded unless otherwise specified.

LTC2640-HM12/-HM10/-HM8/-HZ12/-HZ10/-HZ8, LTC2640A-HM12/-HZ12 (Vs = 4.096V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
Vout DAC Output Span External Reference 01to VRer v
Internal Reference 0to0 4.096 V
PSR Power Supply Rejection Voo =5V +£10% -80 aB
Isc Short-Circuit Output Current (Note 5) | Vg = Vgg =5.5V
Sinking Zero-Scale; Vour shorted to Vg ° 27 48 mA
Sourcing Full-Scale; Vgyt shorted to GND [ -28 48 mA
Power Supply
Vee Positive Supply Voltage For Specified Performance [ ) 45 55 V
Ice Supply Current (Note 6) Vo =5V, VRer = 4.096V, External Reference | @ 160 220 HA
Vo =5V, Internal Reference o 200 270 HA
Isp Supply Current in Power-Down Mode | Vg = 5V, C-Grade, |-Grade ) 0.6 1.8 HA
(Note 6) Vgc =5V, H-Grade o 0.6 4 HA
Reference Input
Input Voltage Range ) 0 Ve V
Resistance ° 160 190 220 kQ
Capacitance 7.5 pF
IRer Reference Current, Power-Down DAC Powered Down ) 0.005 0.1 HA
Mode
Reference Output
Output Voltage ® | 2032 2.048 2.064 \Y
Reference Temperature Coefficient +10 ppm/°C
Output Impedance 0.5 kQ
Capacitive Load Driving 10 uF
Short-Gircuit Current Ve = 5.5V; REF Shorted to GND 4.3 mA
Digital 1/0
ViH Digital Input High Voltage ® 2.4 V
ViL Digital Input Low Voltage o 0.8 V
Ik Digital Input Leakage Vin=GND to Vg ) +1 HA
Cin Digital Input Capacitance (Note 7) o 2.5 pF
AC Performance
ts Settling Time Vo =5V (Note 8)
+0.39% (+1LSB at 8 Bits) 37 us
+0.098% (+1LSB at 10 Bits) 4.2 us
+0.024% (+1LSB at 12 Bits) 4.6 us
Voltage Output Slew Rate 1 Vs
Capacitance Load Driving 500 pF
Glitch Impulse At Mid-Scale Transition 3.0 n\Ves
Multiplying Bandwidth External Reference 300 kHz
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LTC2640

GLGCTBICHL 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, Vgyt unloaded unless otherwise specified.

LTC2640-HM12/-HM10/-HM8/-HZ12/-HZ10/-HZ8, LTC2640A-HM12/-HZ12 (Vs = 4.096V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
en Output Voltage Noise Density At f = 1kHz, External Reference 140 nVyHz
At f = 10kHz, External Reference 130 nVyHz

At f = 1kHz, Internal Reference 210 nVyHz

At f = 10kHz, Internal Reference 200 nVyHz

Output Voltage Noise 0.1Hz to 10Hz, External Reference 20 uVp.p

0.1Hz to 10Hz, Internal Reference 20 uVp-p

0.1Hz to 200kHz, External Reference 650 uVp_p

0.1Hz to 200kHz, Internal Reference, 670 pVp-p

Crer = 0.33pF

TII'ﬂInG CHGBHCTGBISTICS The @ denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. V¢ = 4.5V to 5.5V. (See Figure 1) (Note 7).

LTC2640-HM12/-HM10/-HM8/-HZ12/-HZ10/-HZ8, LTC2640A-HM12/-HZ12 (Vfs = 4.096V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
ty SDI Valid to SCK Setup ) ns
ty SDI Valid to SCK Hold ° ns
t3 SCK High Time [ ns
7] SCK Low Time ) ns
ts CS/LD Pulse Width () 10 ns
tg LSB SCK High to CS/LD High ° 7 ns
t7 CS/LD Low to SCK High ° 7 ns
tg CLR Pulse Width () 20 ns
t1o CS/LD High to SCK Pos. Edge ) 7 ns

SCK Frequency 50% Duty Cycle ) 50 MHz

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 k| to code

2N —1, where N is the resolution and k;_is given by ki = 0.016 ¢ (2V/ Vs),
rounded to the nearest whole code. For Vig = 2.5V and N = 12, k. = 26
and linearity is defined from code 26 to code 4,095. For Vig = 4.096V

and N =12, ki = 16 and linearity is defined from code 16 to code 4,095.

Note 4: Inferred from measurement at code 16 (LTC2640-12), code 4
(LTC2640-10) or code 1 (LTC2640-8), 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: Digital inputs at OV or Vgg.

Note 7: Guaranteed by design and not production tested.

Note 8: Internal Reference mode. DAC is stepped 1/4 scale to 3/4 scale
and 3/4 scale to 1/4 scale. Load is 2k 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.

Note 10: Full-scale error is determined using the reference voltage
measured at the REF pin.
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LTC2640
TVP'CHL PEBFOBmﬂﬂCE CHGBHCTGRBTKS Ta = 25°C, unless otherwise noted.

LTC2640-L12 (Internal Reference, Vg = 2.5V)

Reference Output Voltage

Integral Nonlinearity (INL) Differential Nonlinearity (DNL) vs Temperature
10 1.0 1.260 ‘
Vg = 3V Veg =3V Vee =3V
0.5 05 1.255
2 2 =
E = =
-05 -05 1.245
-1.0 -1.0 1.240
0 1024 2048 3072 4095 0 1024 2048 3072 4095 50 25 0 25 50 75 100 125 150
CODE CODE TEMPERATURE (°C)
2640 GO1 2640 G02 2640 G03

Full-Scale Output Voltage

INL vs Temperature DNL vs Temperature vs Temperature
1.0 ‘ 1.0 ‘ 252 ‘
Vg =3V Ve =3V Vg =3V
05 05 = 251
INL (POS) W
(&)
= & DNL (POS) =
n XQ T T o
= 0 = 0 > 250 |-
2 Z . 2
INL (NEG) DNL (NEG) =
o
-05 -05 £ 249
-1.0 1. 2.48
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
2640 Go4 2640 G05 2640 G06

Settling to +1LSB Settling to +1LSB

3/4 SCALE TO 1/4 SCALE STEP

1 Voo =3V, Ves = 2.5V

‘ ' RL =2k, G, =100pF

CSID || : : : : v SN . AVERAGE OF 256 EVENTS
| out .

2V/DIV - 1LSB/DIV ‘

4.1ps

Vout
1LSB/DIV ' ]
3 : 1/4 SCALE TO 3/4 SCALE STEP 3
1 Vg =3V, Vg = 2.5V TS/LD _J
| Rp =2k, C = 100pF 2V/DIV
: AVERAGE OF 256 EVENTS ‘
2ps/DIV 2us/DIV

2640 G0

2640 GO7
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LTC2640

TVP'CHL PEBFOBmﬂﬂCE CHGBHCTGRBTKS Ta = 25°C, unless otherwise noted.

LTC2640-H12 (Internal Reference, Vg = 4.096V)

Reference Output Voltage

Integral Nonlinearity (INL) Differential Nonlinearity (DNL) vs Temperature
10 1.0 2.068 ‘
Vg =5V Veg =5V Ve =5V
0.5 05 2.058
= 2 =
E Z =
-05 -05 2.038
-1.0 -1.0 028
0 1024 2048 3072 4095 0 1024 2048 3072 4095 50 25 0 25 50 75 100 125 150
CODE CODE TEMPERATURE (°C)
2640 G09 2640 G10 2640 G11
Full-Scale Output Voltage
INL vs Temperature DNL vs Temperature vs Temperature
10 1.0 4115 ‘
Voo =5V Voo =5V Vg =5V
0.5 05 =4.105
INL (POS) o
e _ DNL (POS) 2
o ) 5 |
(%] A o
= 0 = 0 = 4,095 =]
= = 5
= DNL (NEG T
INL (NEG) = (NEG) =
— o
-05 -05 £4.085
1. -1.0 075
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
2640 G12 2640 G13 2640 G14
Settling to +1LSB Settling to +1LSB
TSID || .
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TVP'CHL PEBFOBmﬂﬂCE CHGBHCTGRBTKS Ta = 25°C, unless otherwise noted.

LTC2640-10
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Ta = 25°C, unless otherwise noted.

LTC2640

Gain Error vs Vg
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Power-0n Reset Glitch
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Supply Current vs Logic Voltage
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T'I'PICHL PEBFOﬂmm'ICG CHHRHCTGGISTICS Tp =25°C, unless otherwise noted.

LTC2640
Multiplying Bandwidth Noise Voltage vs Frequency 0.1Hz to 10Hz Voltage Noise
0 : 500 ‘ : =
N INTERNAL REF LTC2640-L, Vo = 4V
-2 \\ CODE = MIDSCALE INTERNAL REF.
o \ 400 CODE = MIDSCALE -
\ ‘E L 1 1 :
6 \ = . |
\ S | .
s \ < 300 ]
2] \ g LTC2640-H 10pV/DIV % !
10 \ S 200 N\ i(vcc - : |
=
—14 Ve =5V = 100 LTC2640-L
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_yg LOODE =FULL SCALE .
1k 10k 100k 1000k 100 1K 10k 100k ™ 1s/DIV
FREQUENCY (Hz) FREQUENCY (Hz) 2640635
2640 G33
2640 G34

CS/LD (Pin 1): Serial Interface Chip Select/Load Input.
When CS/LD is low, SCK is enabled for shifting data on
SDI into the register. When CS/LD is taken high, SCK
is disabled and the specified command (see Table 1) is
executed.

SCK (Pin 2): Serial Interface Clock Input. CMOS and TTL
compatible.

SDI (Pin 3): Serial Interface Data Input. Data on SDI
is clocked into the DAC on the rising edge of SCK. The
LTC2640acceptsinputword lengths of either 24- or 32-bits.

GND (Pin 4): Ground.

Ve (Pin 5): Supply Voltage Input. 2.7V < Vg < 5.5V
(LTC2640-L) or 4.5V < Vg < 5.5V (LTC2640-H). Bypass
to GND with a 0.1pF capacitor.

REF (Pin 6): Reference Voltage Input or Output. When
External Reference mode is selected, REF is an input
(OV < VRer < Vgg) where the voltage supplied sets the

full-scale voltage. When Internal Reference is selected,
the 10ppm/°C1.25V (LTC2640-L) or2.048V (LTC2640-H)
internal reference is available at the pin. This output may
be bypassed to GND with up to 10pF (0.33pF is recom-
mended), and must be buffered when driving external DC
load current.

Vour (Pin 7): DAC Analog Voltage Output.

CLR (Pin 8, LTC2640-Z): Asynchronous Clear Input. A
logic low at this level-triggered input clears all registers
and causes the DAC voltage output to resetto Zero. CMOS
and TTL compatible.

REF_SEL (Pin 8, LTC2640-M): Selects default Reference
at power-up. Tie to Vg to select the Internal Reference,
or GND to select an External Reference. After power-up,
the logic state at this pin is ignored and the reference may
be changed only by software command.

2640fd
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TIMING DIRGRAM
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Figure 1. Serial Interface Timing
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OPERATION

The LTC2640 is a family of single voltage-output DACs
in 8-lead ThinSOT packages. Each DAC can operate rail-
to-rail using an external reference, or with its full-scale
voltage set by an integrated reference. 12 combinations of
accuracy (12-,10-, and 8-hit), power-on reset value (zero
or mid-scale), and full-scale voltage (2.5V or 4.096V) are
available. The LTC2640 is controlled using a 3-wire SPI/
MICROWIRE compatible interface.

Power-On Reset

The LTC2640-HZ/LTC2640-LZ clear the output to zero-
scale when powerisfirstapplied, making systeminitializa-
tion consistent and 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 LTC2640
contains circuitry to reduce the power-on glitch: the
analog output typically rises less than 5mV above zero-
scale during power on if the power supply is ramped
to 5V in 1ms or more. In general, the glitch amplitude
decreases as the power supply ramp time is increased.
See “Power-On Reset Glitch” in the Typical Performance
Characteristics section.

INPUT WORD (LTC2640-12)

COMMAND 4 DON'T-CARE BITS

The LTC2640-HM/LTC2640-LM provide an alternative
reset, setting the output to mid-scale when power is first
applied.

Default reference mode selection is described in the Refer-
ence Modes section.

Power Supply Sequencing

The voltage at REF (Pin 6) should be kept within the range
—0.3V < VRgg < Ve + 0.3V (see Absolute Maximum Rat-
ings). Particular care should be taken to observe these
limits during power supply turn-onand turn-off sequences,
when the voltage at Vgg (Pin 5) is in transition.

Transfer Function
The digital-to-analog transfer function is:
k
VouT(ipeaL) :(Z_N)VREF

where k is the decimal equivalent of the binary DAC input
code, Nisthe resolution,and Vrggis either 2.5V (LTC2640-
LIM/LTC2640-LZ) or 4.096V (LTC2640-HM/LTC2640-HZ)
when in Internal Reference mode, and the voltage at REF
(Pin 6) when in External Reference mode.

DATA (12 BITS + 4 DON'T-CARE BITS)

MSB
INPUT WORD (LTC2640-10)

COMMAND 4 DON'T-CARE BITS

LSB

DATA (10 BITS + 6 DON'T-CARE BITS)

MSB
INPUT WORD (LTC2640-8)

COMMAND 4 DON'T-CARE BITS

LSB

DATA (8 BITS + 8 DON'T-CARE BITS)

MSB

LSB

2640 F02

Figure 2. Command and Data Input Format

2640fd
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Serial Interface

The CS/LD input is level triggered. When this input is
taken low, it acts as a chip-select signal, enabling the
SDI and SCK buffers and the input shift register. Data
(SDlinput) is transferred at the next 24 rising SCK edges.
The 4-bit command, C3-C0, is loaded first, followed by
4 don’t-cares bits, and finally the 16-bit data word. The
data word comprises the 12-, 10- or 8-bit input code, or-
dered MSB-to-LSB, followed by 4, 6 or 8 don’t-cares bits
(LTC2640-12, LTC2640-10 and LTC2640-8 respectively;
see Figure 2). Data can only be transferred to the device
when the CS/LD signal is low, beginning on the first rising
edge of SCK. SCK may be high or low at the falling edge
of CS/LD. The rising edge of CS/LD ends the data transfer
and causes the device to execute the command specified
in the 24-bit input sequence. The complete sequence is
shown in Figure 3a.

The command (C3-C0) assignments are shownin Table 1.
The first three commands in the table consist of write and
update operations. A Write operation loads a 16-bit data
word from the 24-bit shift register into the input register.
In an Update operation, the input register is copied to the
DAC register and converted to an analog voltage at the
DAC output. Write to and Update combines the first two
commands. The Update operation also powers up the
DAC if it had been in power-down mode. The data path
and registers are shown in the Block Diagram.

Table 1. Command Codes

COMMAND*

€3 62 €1 Co

Write to Input Register

Update (Power-Up) DAC Register

Write to and Update (Power-Up) DAC Register

Power Down

o|lo|lo|lo|o

0
0
0
1
1

o= |O| O
o|lo|l—=|—=|O

Select Internal Reference

0 1 1 1 | Select External Reference

*Command codes not shown are reserved and should not be used

While the minimum input sequence is 24-bits, it may
optionally be extended to 32-bits to accommodate micro-
processors that have a minimum word width of 16-bits
(2-bytes). To use the 32-bit width, 8 don’t-cares bits are

transferred to the device first, followed by the 24-bit se-
quence described. Figure 3b shows the 32-bit sequence.

The 16-bit data word is ignored for all commands that do
not include a Write operation.

Reference Modes

Forapplications where anaccurate external reference is not
available, the LTC2640 has a user-selectable, integrated
reference. The LTC2640-LM/LTC2640-LZ provide a full-
scale output of 2.5V. The LTC2640-HM/LTC2640-HZ
provideafull-scale outputof4.096V. Theinternal reference
can be useful in applications where the supply voltage is
poorly regulated. Internal Reference mode can be selected
by using command 0110, and is the power-on default for
LTC2640-HZ/LTC2640-LZ, as well as for LTC2640-HM/
LTC2640-LM when REF_SEL is tied high.

The 10ppm/°C, 1.25V (LTC2640-LM/LTC2640-LZ) or
2.048V (LTC2640-HM/LTC2640-HZ) internal reference
is available at the REF pin. Adding bypass capacitance
to the REF pin will improve noise performance; 0.33pF
is recommended, and up to 10pF can be driven without
oscillation. This output must be buffered when driving an
external DC load current.

Alternatively, the DAC can operate in External Reference
mode usingcommand 0111. Inthismode, aninputvoltage
supplied externally to the REF pin provides the reference
(OV<VRer<Vgg) andthe supply currentis reduced. External
Reference mode is the power-on default for LTC2640-HM/
LTC2640-LM when REF_SEL is tied low.

The reference mode of LTC2640-HZ/LTC2640-LZ can be
changed only by software command. The same is true for
LTC2640-HM/LTC2640-LM after power-on, after which
the logic state on REF_SEL is ignored.

Power-Down Mode

For power-constrained applications, the LTC2640’s power-
down mode can be used to reduce the supply current
whenever the DAC output is not needed. When in power-
down, the buffer amplifier, bias circuit, and reference
circuit are disabled and draw essentially zero current. The
DAC output is put into a HIGH-impedance state, and the
output pin is passively pulled to ground through a 200k

2640fd
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resistor. Inputand DAC register contents are not disturbed
during power-down.

The DAC can be put into power-down mode by using
command 0100. The supply current is reduced to 1.8pA
maximum (Cand I grades) and the REF pin becomes HIGH
impedance (typically > 1GQ).

Normal operation resumes after executing any command
thatincludes a DAC update, as shown in Table 1. The DAC
is powered up and its voltage output is updated. Normal
settling is delayed while the bias, reference, and ampli-
fier circuits are re-enabled. When the REF pin output is
bypassed to GND with 1nF or less, the power-up delay
time is 20ps for settling to 12-bits. This delay increases
to 200ps for 0.33pF, and 10ms for 10pF.

Voltage Output

The LTC2640’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 outputimpedance is equivalent to load regulation, and
may be derived from it by simply calculating a change in
units from LSB/mA to ohms. 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.9., when sinking TmA, the minimum output voltage is
50Q < 1mA, or 50mV). See the graph “Headroom at Rails
vs. Output Current” in the Typical Performance Charac-
teristics section.

The amplifier is stable driving capacitive loads of up to
500pF.
Rail-to-Rail Output Considerations

Inany rail-to-rail voltage output device, the outputis limited
to voltages within the supply range.

Sincetheanalog output ofthe DAC cannotgo below ground,
it may limit the lowest codes, as shown in Figure 4b.
Similarly, limiting can occur near full-scale when the REF
pinistiedto Vgg. If VRer = Vg and the DAC full-scale error
(FSE) is positive, the output for the highest codes limits
at Vg, as shown in Figure 4c. No full-scale limiting can
occur if VRgg is less than Vg — 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 PCboard should have separate areas forthe analog and
digital sections of the circuit. A single, solid ground plane
should be used, with analog and digital signals carefully
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 LTG2640 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 LTC2640 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.

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 LTC2640 is sinking large currents, this current flows
out the ground pin and directly to 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.

2640fd
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// POSITIVE
o VeV 7| FeE
Vrer = Voo
77777777777777777777 / OUTPUT
. VOLTAGE
OUTPUT
VOLTAGE
INPUT CODE 264004
®
VOUTAGE [ g
OVO 2,[548 4,695
INPUT CODE
ov = @
NEGATIVE ,»’ INPUT CODE
OFFSET ’,’ (b)
Figure 4. 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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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LTC2640#packaging for the most recent package drawings.

TS8 Package
8-Lead Plastic TSOT-23
(Reference LTC DWG # 05-08-1637 Rev A)

2.90 BSC
0.40 0.65
MAX REF (NOTE 4)
|+ + H '1.22 REF
150-1.75
3.85 MAX 2.62 REF -+ 14MIN  2.80BSC (NOTE 4) N B ——
i @ PINONED |

[

B

RECOMMENDED SOLDER PAD LAYOUT J ‘ ‘ ‘ 0.22-0.36
PER IPC CALCULATOR 0.65 BSC —=t—» > ™ 8'PLCS (NOTE 3)
0.80 - 0.90
A
020 BSC ﬁ 0.01-0.10
¢ ¢ 1.00 MAX
DATUM ‘A ¢
|\ A\ U 2 v
%‘ < 0.30-0.50 REF t
0 30 0 50 009 _ 020 ‘ - 195 BSC ‘ TS8 TSOT-23 0710 REV A
NOTE: (NOTES3)

1. DIMENSIONS ARE IN MILLIMETERS

2. DRAWING NOT TO SCALE

3. DIMENSIONS ARE INCLUSIVE OF PLATING

4. DIMENSIONS ARE EXCLUSIVE OF MOLD FLASH AND METAL BURR
5. MOLD FLASH SHALL NOT EXCEED 0.254mm

6. JEDEC PACKAGE REFERENCE IS M0O-193

2640fd
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ﬂEVISIOﬂ HISTOM' (Revision history begins at Rev C)

REV | DATE |DESCRIPTION PAGE NUMBER
C 10/13 | Updated TS8 package drawing to Rev A. 22
D 06/17 | Removed Note 3. 9
2640fd

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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Programmable +5V Output
5V
——
__I___0.1uF
) 3
5 6 9
Voc RE
—g REF_SEL \ = {10
SEriAL [ —1°2' L7c26408 vour )L ~—
BUS | —2lsok Ltz L 2]
3
.l CS/LD GND ]
PART NUMBER DESCRIPTION COMMENTS
LTC1663 Single 10-Bit Voyt DAC in SOT-23 Voo =2.7V 10 5.5V, 60pA, Internal Reference, SMBus Interface
LTC1669 Single 10-Bit Voyt DAC in SOT-23 Ve = 2.7V to 5.5V, 60pA, Internal Reference, I2C Interface
LTC2360/LTC2362/ 12-Bit SAR ADCs in TS0T23-6/TS0T23-8 Packages | 100ksps/250ksps/500ksps/1Msps/3Msps Output Rates
LTC2365/LTC2366
LTC2450/LTC2452 16-Bit Single-Ended/Differential Delta Sigma ADCs | SPI Interface, Tiny DFN Packages, 60Hz Output Rate
LTC2451/LTC2453 16-Bit Single-Ended/Differential Delta Sigma ADCs | 12C Interface, Tiny DFN and TSOT23-8 Packages, 60Hz Output Rate

LTC2600/LTC2610/LTC2620

Octal 16-/14-/12-Bit Voy DACs in 16-Lead SSOP

250pA per DAC, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
SPI Serial Interface

LTC2601/LTC2611/LTC2621

Single 16-/14-/12-Bit Vot DACs in 10-Lead DFN

300pA per DAG, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
SPI Serial Interface

LTC2602/LTC2612/LTC2622

Dual 16-/14-/12-Bit Voyr DACs in 8-Lead MSOP

300pA per DAG, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
SPI Serial Interface

LTC2604/LTC2614/LTC2624

Quad 16-/14-/12-Bit Vgyt DACs in 16-Lead SSOP

250pA per DAC, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
SPI Serial Interface

LTC2605/LTC2615/LTC2625

Octal 16-/14-/12-Bit Vour DACs with I2C Interface

250pA per DAC, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
I2C Interface

LTC2606/LTC2616/LTC2626

Single 16-/14-/12-Bit Vgyt DACs with 12C Interface

270pA per DAC, 2.5V to 5.5V Supply Range, Rail-to-Rail Output,
I2C Interface

LTC2609/LTC2619/LTC2629

Quad 16-/14-/12-Bit Vgt DACs with 12C Interface

250pA per DAC, 2.5V to 5.5V Supply Range, Rail-to-Rail Output with
Separate Vggr Pins for Each DAC

LTC2630 Single 12-/10-/8-Bit Vout DACs with 10ppm/°C 180pA per DAC, 2.7V to 5.5V Supply Range, 10ppm/°C Reference,
Reference in SC70 Rail-to-Rail Output, SPI Interface
LTC2631 Single 12-/10-/8-Bit 12C Vgt DACs with 10ppm/°C | 180pA per DAC, 2.7V to 5.5V Supply Range, 10ppm/°C Reference,

Reference in ThinSOT

Selectable External Ref. Mode, Rail-to-Rail Output, 12C Interface

2640fd
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O6LLecTBO C orpaHMYeHHON oTBETCTBEHHOCTBIO «MocHuny WMHH 7719860671 / KIMNM 771901001
Appec: 105318, r.Mockea, yn.LLlepbakoBckas 4.3, odmc 1107

[aHHbIn KOMMNOHEHT Ha TeppuTopun Poccuinickon depepauumn

Bbl MoxeTe npuobpectu B komnaHun MosChip.

[lnsa onepaTtuBHOro ocdopmnenus 3anpoca Bam HeobxoomMmo nepenT No faHHON CChISKe:

http://moschip.ru/get-element

Bbl MoxeTe pa3mecTuTb Y Hac 3aka3 and nboro Bawero npoekTa, 6yab To
cepuiiHoe Npomn3BOACTBO MM pa3paboTka eguHUYHOro npubopa.

B Hawem acCcCopTnMeHTe npencTasiieHbl Begywmne MmpoBblie NMPoOnN3BOANTENIN aKTUBHbIX U
NacCUBHbIX 3JTIEKTPOHHbIX KOMIMOHEHTOB.

Hawen cneumanusauuen sBnseTcs NOCTaBKa 3N1EKTPOHHOMW KOMMOHEHTHON 6a3bl
OBOWHOro Ha3HayeHus, npoaykummn Takmx npounssoantenen kak XILINX, Intel
(ex.ALTERA), Vicor, Microchip, Texas Instruments, Analog Devices, Mini-Circuits,
Amphenol, Glenair.

CoTpynHMyecTBO € rnobanbHbIMU OUCTPUOLIOTOPaMN 3NEKTPOHHBIX KOMIMOHEHTOB,
npegocTraBnseT BO3MOXHOCTb 3aKa3blBaTb 1 MOfly4aTb C MEXAYHAPOOHbIX CKNaaos
npakTuyecku nobon nepeyeHb KOMNOHEHTOB B ONTUMarbHble aAnsa Bac cpoku.

Ha Bcex aTanax pa3paboTKu 1 NPOM3BOACTBA HalLW NapTHEPbI MOTYT NOMy4YnTb
KBanumunpoBaHHy NOAAEPXKY OMNbITHbIX UHXEHEPOB.

Cuctema MeHeXMeHTa KayecTBa KOMNaHum oteevaeT TpeboBaHNAM B COOTBETCTBUM C
rOCT P MCO 9001, TOCT PB 0015-002 n 3C P, 009

Odomc no pabote c OPUANHECKUMU NTULLAMMU:

105318, r.Mockea, yn.lWepbakosckaa a.3, ocdomc 1107, 1118, AL, «LUepbakoBcKkuniny»
TenedoH: +7 495 668-12-70 (MHOrokaHanbHbIN)
dakc: +7 495 668-12-70 (006.304)

E-mail: info@moschip.ru

Skype otaena npogax:
moschip.ru moschip.ru_6
moschip.ru_4 moschip.ru_9
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