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EVALUATION KIT AVAILABLE

MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

General Description

Benefits and Features

The MAX5800/MAX5801/MAX5802 2-channel, low-power,
8-/10-/12-bit, voltage-output digital-to-analog converters
(DACs) include output buffers and an internal reference
that is selectable to be 2.048V, 2.500V, or 4.096V. The
MAX5800/MAX5801/MAX5802 accept a wide supply
voltage range of 2.7V to 5.5V with extremely low power
(1.5mW) consumption to accommodate most low-voltage
applications. A precision external reference input allows
rail-to-rail operation and presents a 100kQ (typ) load to
an external reference.

The MAX5800/MAX5801/MAX5802 have an 12C-compatible,
2-wire interface that operates at clock rates up to
400kHz. The DAC output is buffered and has a low sup-
ply current of less than 250pA per channel and a low
offset error of £0.5mV (typ). On power-up, the MAX5800/
MAX5801/MAX5802 reset the DAC outputs to zero, pro-
viding additional safety for applications that drive valves
or other transducers which need to be off on power-up.
The internal reference is initially powered down to allow
use of an external reference. The MAX5800/MAX5801/
MAX5802 allow simultaneous output updates using soft-
ware LOAD commands.

A clear logic input (CLR) allows the contents of the CODE
and the DAC registers to be cleared asynchronously and
sets the DAC outputs to zero. The MAX5800/MAX5801/
MAX5802 are available in a small 10-pin yMAX® and an
ultra-small, 10-pin TDFN package and are specified over
the -40°C to +125°C temperature range.

Applications

Programmable Voltage and Current Sources
Gain and Offset Adjustment

Automatic Tuning and Optical Control
Power Amplifier Control and Biasing
Process Control and Servo Loops

Portable Instrumentation

Data Acquisition

UMAX is a registered trademark of Maxim Integrated Products, Inc.

Ordering Information appears at end of data sheet.
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Two High-Accuracy DAC Channels

< 12-Bit Accuracy Without Adjustment

<- =1 LSB INL Buffered Voltage Output

< Monotonic Over All Operating Conditions
< Independent Mode Settings for Each DAC

Three Precision Selectable Internal References
<> 2.048V, 2.500V, or 4.096V

Internal Output Buffer

<~ Rail-to-Rail Operation with External Reference
<~ 4.5us Settling Time

<- Outputs Directly Drive 2kQ Loads

Small 5mm x 3mm 10-Pin pMAX or Ultra-Small
3mm x 3mm 10-Pin TDFN Package

Wide 2.7V to 5.5V Supply Range
Separate 1.8V to 5.5V Vppjo Power-Supply Input

Fast 400kHz I2C-Compatible, 2-Wire Serial
Interface

Power-On-Reset to Zero-Scale DAC Output
CLR For Asynchronous Control

Three Software-Selectable Power-Down Output
Impedances

< 1kQ, 100kQ, or High Impedance
Low 350pA Supply Current at 3V Vpp
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For related parts and recommended products to use with this part, refer to: www.maximintegrated.com/MAX5800.related

For pricing, delivery, and ordering information, please contact Maxim Direct
at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com. 19-6461; Rev 1; 12/12
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface
ABSOLUTE MAXIMUM RATINGS

VDD, VDDIO 10 GND L., -0.3V to +6V TDFN (derate at 24.4mW/°C above 70°C)................ 1951mW
OUT_, REFto GND ...ooooviiiiiicccn -0.3V to the lower of Maximum Continuous Current into Any Pin .................... +50mA
(Vpp + 0.3V) and +6V Operating Temperature Range........................ -40°C to +125°C
SCL, SDA, CLRt0 GND .....ovovoieveeeeeeeeeeee . -0.3V to +6V Storage Temperature Range.............c.cc.c.c...... -65°C to +150°C
ADDR t0 GND ..o -0.3V to the lower of Lead Temperature (soldering, 10S) ........ccccoevviiiiiieiinnnn +300°C
(Vppio + 0.3V) and +6V Soldering Temperature (reflow) ..o, +260°C

Continuous Power Dissipation (Tp = +70°C)

UMAX (derate at 8.8mW/°C above 70°C).................... 707mW

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

PACKAGE THERMAL CHARACTERISTICS (Note 1)

UMAX TDFN
Junction-to-Ambient Thermal Resistance (8a) ....... 113°C/W Junction-to-Ambient Thermal Resistance (84a) .......... 41°C/W
Junction-to-Case Thermal Resistance (6)c) .............. 42°C/W Junction-to-Case Thermal Resistance (8)c) .....ocoovv... 9°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

ELECTRICAL CHARACTERISTICS
(Vpp =2.7V10 5.5V, Vppijo = 1.8V 10 5.5V, Vgnp = 0V, C = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical
values are at Tp = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DC PERFORMANCE (Note 3)
MAX5800 8
Resolution and Monotonicity N MAX5801 10 Bits
MAX5802 12
MAX5800 -0.25  +0.05 +0.25
Integral Nonlinearity (Note 4) INL MAX5801 -0.5 +0.25 +0.5 LSB
MAX5802 -1 +0.5 +1
MAX5800 -0.25  +0.05 +0.25
Differential Nonlinearity (Note 4) DNL MAX5801 -0.5 +0.1 +0.5 LSB
MAX5802 -1 +0.2 +1
Offset Error (Note 5) OE -5 +0.5 +5 mV
Offset Error Drift +10 pv/eC
Gain Error (Note 5) GE -1.0 +0.1 +1.0 %FS
Gain Temperature Coefficient With respect to VRer +3.0 prSr/rlgf
Zero-Scale Error 0 10 mV
Full-Scale Error With respect to VRer -0.5 +0.5 %FS

Maxim Integrated 2
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vpp =2.7V1t0 5.5V, Vppjp = 1.8V 10 5.5V, Vgnp = 0V, CL = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical
values are at Ta = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DAC OUTPUT CHARACTERISTICS

No load 0 Vbp
Output Voltage Range (Note 6) 2kQ load to GND 0] Vgg i V
2kQ load to Vpp 0.2 VbDp
Vpp = 3V £10%, 300
llouT! < 5mA
Load Regulation Vour = VFs/2 HV/mA
Vpp =5V £10%, 300
llout! < 10MA
Vpp = 3V £10%, 03
loytl < 5mA
DC Output Impedance Vour = VFs/2 Q
Vpp =5V £10%, 03
loytl £ 10MA ’
Maximum Capacitive Load
Handling CL s00 pF
Resistive Load Handling RL 2 kQ
Sourcing (output 30

- shorted to GND)
Short-Circuit Output Current Vpp = 5.5V — mA
Sinking (output

shorted to Vpp) S0
DC Power-Supply Rejection Vpp =3V £10% or 5V £10% 100 pv/v
DYNAMIC PERFORMANCE
Voltage-Output Slew Rate SR Positive and negative 1.0 V/us
4 scale to % scale, to < 1 LSB, MAX5800 2.2
Voltage-Output Settling Time 4 scale to % scale, to < 1 LSB, MAX5801 2.6 us
4 scale to % scale, to < 1 LSB, MAX5802 4.5
DAC Glitch Impulse Major code transition 7 nV*s
Channel-to-Channel External reference 3.5 .
Feedthrough (Note 7) Internal reference 3.3 e
Digital Feedthrough Code = 0, all digital inputs from 0V to 0.2 nV's
VbpIo
Power-Up Time Startup calibration time (Note 8) 200 us
From power-down 50 ys
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ELECTRICAL CHARACTERISTICS (continued)

MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

(Vpp =2.7Vt0 5.5V, Vppjo = 1.8V 10 5.5V, Vgnp = 0V, C = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical

values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
f=1kHz 90
External reference
f = 10kHz 82
2.048V internall f=1kHz 112
Output Voltage-Noise Density reference f = 10kHz 102 ANz
(DAC Output at Midscale) 2.5V internal f = 1kHz 125
reference f = 10kHz 110
4.096V internal f=1kHz 160
reference f = 10kHz 145
f=0.1Hz to 10Hz 12
External reference f=0.1Hz to 10kHz 76
f = 0.1Hz to 300kHz 385
) f=0.1Hz to 10Hz 14
2.048V internal f = 0.1Hz to 10kHz 91
reference
Integrated Output Noise f = 0.1Hz to 300kHz 450 v
(DAC Output at Midscale) . f = 0.1Hz to 10Hz 15 HYP-p
2.5Viinternal f = 0.1Hz to 10kHz 99
reference
f = 0.1Hz to 300kHz 470
‘ f = 0.1Hz to 10Hz 16
4.096V internal f = 0.1Hz to 10kHz 124
reference
f = 0.1Hz to 300kHz 490
f=1kHz 114
External reference
f = 10kHz 99
2.048V internall f=1kHz 175
Output Voltage-Noise Density reference f = 10kHz 153 Nz
(DAC Output at Full Scale) 25V internal f=1kHz 200
reference f = 10kHz 174
4.096V internal f=1kHz 295
reference f = 10kHz 255
f=0.1Hz to 10Hz 13
External reference f=0.1Hz to 10kHz 94
f = 0.1Hz to 300kHz 540
) f=0.1Hz to 10Hz 19
2.048V internal f = 0.1Hz to 10kHz 143
reference
Integrated Output Noise f = 0.1Hz to 300kHz 685 v
(DAC Output at Full Scale) . f = 0.1Hz to 10Hz 21 HiP-p
2.5V internal f = 0.1Hz to 10kHz 159
reference
f = 0.1Hz to 300kHz 705
) f=0.1Hz to 10Hz 26
4.096V internal f = 0.1Hz to 10kHz 213
reference
f = 0.1Hz to 300kHz 750
Maxim Integrated 4



MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vpp =2.7V1t0 5.5V, Vppjp = 1.8V 10 5.5V, Vgnp = 0V, CL = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical
values are at Ta = +25°C.) (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
REFERENCE INPUT
Reference Input Range VREF 1.24 Vpb V
Reference Input Current IREF VRer = Vpp = 5.5V 55 74 pA
Reference Input Impedance RREF 75 100 kQ
REFERENCE OUPUT
VRgg = 2.048V, Tp = +25°C 2.043 2.048 2.053
Reference Output Voltage VREF VReF = 2.5V, Tp = +25°C 2.494 2.5 2.506 \Y
VReg = 4.096V, Tp = +25°C 4086 4.096 4.106
f=1kHz 129
VRer = 2048V f = 10kHz 122
Reference Output Noise Density VREF = 2.500V f=TkHz 158 nV/NHz
f = 10kHz 151
Ve = 4006V f = 1kHz 254
f = 10kHz 237
f=0.1Hz to 10Hz 12
VREF = 2.048V f = 0.1Hz to 10kHz 110
f = 0.1Hz to 300kHz 390
f=0.1Hz to 10Hz 15
mferated Reference Output VREF = 2.500V f = 0.1Hz to 10kHz 129 Wp.p
f = 0.1Hz to 300kHz 430
f=0.1Hz to 10Hz 20
VREF = 4.096V f = 0.1Hz to 10kHz 205
f = 0.1Hz to 300kHz 525
Reference Temperature MAX5802A 3.7 +10 .
Coefficient (Note 9) MAX5800/MAX5801/MAX5802B +10 +25 ppm/C
Reference Drive Capacity External load 25 kQ
Reference Capacitive Load 200 pF
Reference Load Regulation Isource = 0 to 500pA 2 mV/mA
Reference Line Regulation 0.05 mV/V
POWER REQUIREMENTS
Supply Voltage Vpp VRgr = 4.090V 15 55 vV
All other options 2.7 55
I/O Supply Voltage Vppio 1.8 55 V
ir,l‘tstr;aizg)Supply Current IbDIO ] UA
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values are at Ta = +25°C.) (Note 2)

MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vpp =2.7Vt0 5.5V, Vppjo = 1.8V 10 5.5V, Vgnp = 0V, C = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
VREF = 2.048V 0.55 0.75
Internal reference VREF = 2.5V 0.60 0.80
Supply Current (Note 10) DD VRer = 4.096V 0.65 0.90 mA
VRer = 3V 0.40 0.60
External reference
VREF = 5V 0.55 0.75
Both DACs off, internal reference ON 140
Power-Down Mode Supply Botb DAE)S off, int(:rnal reference OFF, 05 ]
Current IpD Ta =-40°C to +85°C LA
Both DACs off, internal reference OFF, 12 o5
Ta = +125°C
DIGITAL INPUT CHARACTERISTICS (SCL, SDA, ADDR, ﬁ)
2.2V < Vppio < 5.5V \?b;);) v
Input High Voltage VIH
1.8V < Vppio < 2.2V \?bi:) v
2.2V < Vppio < 5.5V \?E'););
Input Low Voltage ViL 0.2 % \Y
1.8V < Vppjo < 2.2V VoDIO
Hysteresis Voltage VH 0.15 V
Input Leakage Current IIN VN = OV or Vppjo (Note 10) +0.1 +1 pA
Input Capacitance (Note 10) CIN 10 pF
ADDR Pullup/Pulldown Strength Rpu, Rpp | (Note 11) 30 50 90 kQ
DIGITAL OUTPUT (SDA)
Output Low Voltage VoL | IsiINK = 3MA 0.2 V
12C TIMING CHARACTERISTICS (SCL, SDA, CLR)
SCL Clock Frequency fscL 400 kHz
Bus Free Time Betvygen a STOP tBUF 13 Us
and a START Condition
Hold Time Rgpeated for a HDSTA 06 s
START Condition '
SCL Pulse Width Low tLow 1.3 ys
SCL Pulse Width High tHIGH 0.6 ys
git:dpitgrr?e for Repeated START tSUSTA 06 s
Data Hold Time tHD:DAT 0 900 ns
Data Setup Time tSU-DAT 100 ns
Maxim Integrated 6



MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface

ELECTRICAL CHARACTERISTICS (continued)
(Vpp =2.7V1t0 5.5V, Vppjp = 1.8V 10 5.5V, Vgnp = 0V, CL = 200pF, R = 2kQ, Ta = -40°C to +125°C, unless otherwise noted. Typical
values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SDA and SCL Receiving 20 +
Rise Time tr Cg/10 300 ns
SDA and SCL Receiving 20 +
Fall Time ! Cg/10 300 ns
-~ ) 20 +
SDA Transmitting Fall Time tf Ca/10 250 ns
Setup Time for STOP Condition tsyU:sTO 0.6 ys
Bus Capacitance Allowed Cp Vpp = 2.7V 10 5.5V 10 400 pF
Pulse Width of Suppressed Spike tsp 50 ns
CLR Removal Time Prior to a i 100 ns
Recognized START CLRSTA
CLR Pulse Width Low tcLpw 20 ns
Note 2: Electrical specifications are production tested at Tp = +25°C. Specifications over the entire operating temperature range
are guaranteed by design and characterization. Typical specifications are at Tp = +25°C and are not guaranteed.
Note 3: DC Performance is tested without load.
Note 4: Linearity is tested with unloaded outputs to within 20mV of GND and Vpp.
Note 5: Gain and offset calculated from measurements made with Vger = Vpp at codes 30 and 4065 for MAX5802, codes 8 and
1016 for MAX5801, and codes 2 and 254 for MAX5800.
Note 6: Subject to zero and full-scale error limits and VRgr settings.
Note 7: Measured with the DAC outputs at midscale with one channel transitioning 0 to full scale.
Note 8: On power-up, the device initiates an internal 200us (typ) calibration sequence. All commands issued during this time will
be ignored.
Note 9: Guaranteed by design.
Note 10: Both channels active at Vg, unloaded. Static logic inputs with V| = Vgnp and Vi = Vpplo-
Note 11: An unconnected condition on the ADDR pin is sensed via a resistive pullup and pulldown operation; for proper

operation, the ADDR pin should be tied to Vppjo, GND, or left unconnected with minimal capacitance.

CLR

- -+ | =lHDSTA > -t » |

) ) S A A A AN
tSU;STA—»E § “i— f5uST0 ! § %_ § §
b el s

-tgp

Figure 1. [2C Serial Interface Timing Diagram
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

Typical Operating Characteristics

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)

INL vs. CODE INL vs. CODE
10 T 5 1.0 T Y
08 |-Voo=Veer=3V : 08 |- Voo =Veer=5v s
NO LOAD g NO LOAD g
06 s 06
04 04
= 02 A = 02 o
a 2]
= 0 = 0
= =
02 -0.2
04 -04
206 -0.6
038 08
-10 -1.0
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
CODE (LSB) CODE (LSB)
DNL vs. CODE DNL vs. CODE
10 T g 10 I — 3
08 |- VoD =Veer=3V H 08 |- Vop=VRer=5v s
NO LOAD g NO LOAD g
06 06
04 04
2 02 g 0.2
= 20 [emienpetpsmemepi N
=0 A =
= 02 02
0.4 04
06 -06
038 08
1.0 -1.0
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
CODE (LSB) CODE (LSB)
INL AND DNL vs. SUPPLY VOLTAGE INL AND DNL vs. TEMPERATURE
1.0 ; a 1.0 s e
VReF =3V g = VRer = g
08 REF ; 08 DD REF %
06 MAX INL 06 T =
04 MAX DNL 04 —MAX DNL
g 02 = g 02 £ ~A~o
S 0 s 0
& 2 AN g 02 [T T —
-04 X MIN DNL 04 P WE&" A
06 MIN INL 06 MIN INL
08 08 i i
10 10
27 31 35 39 43 47 51 55 40 2510 5 20 35 50 65 80 95 110125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface
Typical Operating Characteristics (continued)

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)

OFFSET AND ZERO-SCALE ERROR OFFSET AND ZERO-SCALE ERROR
10 vs. SUPPLY VOLTAGE 10 . ys. TEN!PERATURE B
| VRer =25V (EXTERNAL) g VReF = 2.5V (EXTERNAL) :
08 I NOLOAD g 08 ['noLoaD \ g
! z 06 ZERO-SCALE ERROR z
06 ZERO-SCALE ERROR L]
04 re 04 —
S 02 z 02 OFFSET ERROR (Vpp = 5V)
~— o \
§ 0 % 0 Ao
&5 202 AN w02
-04 OFFSET ERROR -04 [ OFFSET ERROR (Vpp = 3V)
-06 06
08 08
10 -1.0
T97 31 35 39 43 47 51 55 40 -25-10 5 20 35 50 65 80 95 110125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
FULL-SCALE ERROR AND GAIN ERROR FULL-SCALE ERROR AND GAIN ERROR
vs. SUPPLY VOLTAGE vs. TEMPERATURE
0.020 2 0.10  —r—r——r— -
g VREF = 2.5V (EXTERNAL) &
0.016 s g
= g NO LOAD g
0.012 e - E
0.008 GAIN ERROR ' GAIN ERROR (Vpp =5V)
2 oo 2 o
g X 5 2 =SS
o
= -0.004 FULL-SCALE ERROR = FULL-SCALE ERROR
-0.008 GAIN ERROR (Vpp = 3V)
005
-0.012
| Vaer = 2.5V (EXTERNAL)
0016 T o LoD
-0.020 e -0.10
27 31 35 39 43 47 51 55 40 2510 5 20 35 50 65 80 95 110125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
SUPPLY CURRENT
SUPPLY CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE
10 ——r—— - 0.70 o
OUT_=FULL SCALE VRer (INTERNAL) = 4.096V]2 \ \ g
09 NoCoAD—| I —vop=5v 11/ 1= 065 Vher = 409V g
: T 0 g (INTERNAL) ]
0 VRer (INTERNAL) = 2.048V, z . | . 2
e | ] VD\D:SV/ B VRgF =250V ]
£ 07 |VRer (INTERNAL) = 2.5V Y/ £ 055 (INTERNAL)
& Vop =5 ] & -
3 06 s — S 050 p— A\ —
> * —— > Y
T 05 T 045
= ~ = VREF = 2.048V
04 ["Vher (EXTERNAL) = Vop =5V 040 (INTERNAL) T
03 ——% 0.35 X Vegr=250 -
VRer (EXTERNAL) = Vpp =3V (EXTERNAL)
02 REF ( )=VbD 030
40 -25-10 5 20 35 50 65 80 95 110125 27 32 37 42 47 52
TEMPERATURE (°C) Voo (V)
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface
Typical Operating Characteristics (continued)

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)

—_
=2

0.8

0.4

POWER-DOWN SUPPLY CURRENT (uA)

0

60

50

40

30

20

REFERENCE CURRENT (pA)

10

0

Vour
0.5V/div

TRIGGER PULSE
5V/div

POWER-DOWN MODE SUPPLY CURRENT

vs. TEMPERATURE
POWER-DOWN MODE E
ALL DACS g
Ta=+125°C

//

| TA:+@ Ta=+25°C |

VA —

——
Ta=40°C

27 31 35 39 43 47 51 55
SUPPLY VOLTAGE (V)

IREF (EXTERNAL) vs. CODE

VDD = VReF
NO LOAD

MAX5800 toc15

VREF =5V

VREF = 3V

0 512 1024 1536 2048 2560 3072 3584 4096
CODE (LSB)

SETTLING TO =1 LSB
(Vpbp = VREF = 5V, RL = 2kQ, CL = 200pF)

MAX5800 toc17

" 3/4SCALETO 1/4 SCALE |

Maxim Integrated

Z00MED Vout
1 1LSB/div

SUPPLY CURRENT (mA)
o o o o o o o
S 8 &8 8 8 3 38

o
o

Vout
0.5V/div

TRIGGER PULSE
5V/div

Vout

3.3mV/div  fa,

TRIGGER PULSE
5V/div

SUPPLY CURRENT vs. CODE

B ‘ ‘ Vpp =5V
Vpp =5V VDD =5V yper=2.048v
| VREF=4.096V_Vper = 2500V /

L~

MAX5800 toc14

I

|t
|

O

/\
)

\
Vpp = 5V Vpp =3V
— Vper=5.0v — VREF=30V
(EXTERNAL) (E‘XTERI\‘IAL)
1 | |

0 512 1024 1536 2048 2560 3072 3584 4096
CODE (LSB)

SETTLING TO +1 LSB
(Vpp = VREF = 5V, RL = 2kQ, CL = 200pF)

MAX5800 toc16

SCALE TO 3/4 SCALE |

1/

P S e e

5

T n
s r : :
I TEPE -
o
=
B
T

4ps/div

MAJOR CODE TRANSITION GLITCH ENERGY
(Vbp = VRer = 5V, RL = 2kQ, G = 200pF)

MAX5800 toct
T

TTTTTTTTTTTTT T ™

A . J
. 1LSBCHANGE 4
+ &+ &+ A (MIDCODE TRANSITION
foeeyeeenyey e FROM OX7FF TO 0x800)
: i GLITCH ENERGY =6.7nV*s

i e

ZO0OMED Vourt
1 LSB/div

10



MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface
Typical Operating Characteristics (continued)

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)

MAJOR CODE TRANSITION GLITCH ENERGY Vour vs. TIME TRANSIENT
(Vb = VREF = 5V, RL = 2kQ, €| = 200pF) EXITING POWER-DOWN
MAX5800 toct MAX5800 toc2!
L B A A AL A b " TeTTTY T T v T
P ! 1LSB CHANGE
., SMDCODETRANSTON 3 P
3 ;| rrom o000 0FF) Vsc
i GLITCH ENERGY = 6nV*s OV fon - Ssnaan 5V/div
j P ek I " 36TH EDGE "
TR TR DAC OUTPUT
AR 500mV/div
Vour
3.3mV/div U PR
et 2 VDD =5V, VREF = 25V |
TRIGGER %;5 ©1 1 TEXTERNAL
2us/div 10ps/div
CHANNEL-TO-CHANNEL FEEDTHROUGH
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface
Typical Operating Characteristics (continued)

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)
CHANNEL-TO-CHANNEL FEEDTHROUGH

(VpD = 5V, VREF = 4.096V (INTERNAL), w vnmngv:sm::gugu 200pF)
TA = +25°c’ No LOAD) IMAX5800 toc25 DD B REF B ’ L B ’ L I\Z\XEBOO‘U'E)Z
T T T T T T T T T T T T | AR MAREF
o oo R Vpp =5V
T T F Y VRer = SV (EXTERNAL)
] O 1 DACSATMIDSCALE
S o TRANSITIONING DAC Co o
NOLOAD } {\[ E T v oS
e oo Vo Ly
Rl AN A S e RESL Y 1 e R
——JTRANSITIONING DAC-0TOFULLSCALly Py E
_______ STATIC DAC: MIDSCALE
© | ANALOG CROSSTALK = 1.1nv-s_{ TRIGGER PULSE ©© DIGITAL FEEDTHROUGH = 0.1nVs.
o) | | Sempr———] [ A 1 1 1 10V/div 1 1 L L L L L 1 L
4us/div 40ns/div
OUTPUT LOAD REGULATION OUTPUT CURRENT LIMITING
10 — 5 500 = g
g |-Vop=Vrer I g 400 Voo =VRer &
/4 E 2
6 Z 300 S
Voo=5v | A
4 }/ / 200
s 2 » = 100 Voo =5V
E pZd g K
% 0 = Vop =3V 'é 0 \
3 3 00
2 - Vop =3V
4 -200
6 -300
3 -400 [
10 -500
30 20 10 0 10 20 30 40 50 60 3020 10 0 10 20 30 40 50 60 70
lout (mA) lout (MA)
HEADROOM AT RAILS NOISE-VOLTAGE DENSITY
vs. OUTPUT CURRENT VS. FREQUENCY (DAC AT MIDSCALE)
5.00 “ 350 -
Y g ‘ g
450 | % = 300 Vpp=5V, VRep =4.096V | %
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350 | oD =VRer £ 250 VoD =5V, VReF = 2.5V
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5 250 ! S \(\ (INTERNAL)
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] NS
1.50 I 100 ey
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0 | | L 4 0 |
01 2 3 45 6 7 8 9 10 100 1k 10k 100k
lout (MA) FREQUENCY (H2)
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface
Typical Operating Characteristics (continued)

(MAX5802, 12-bit performance, Ta = +25°C, unless otherwise noted.)

0.1Hz TO 10Hz OUTPUT NOISE, EXTERNAL 0.1Hz TO 10Hz OUTPUT NOISE, INTERNAL
REFERENCE (Vpp = 5V, VREF = 4.5V) REFERENCE (Vpp = 5V, VREF = 2.048V)
MAX5800 toc31 MAX5800 toc32

MIDSCALE UNLOADED
Vp-p=13uV

MIDSCALE UNLOADED
Vp-p=12uV

2uV/div 2uV/div
4s/div 4s/div
0.1Hz TO 10Hz OUTPUT NOISE, INTERNAL 0.1Hz TO 10Hz OUTPUT NOISE, INTERNAL
REFERENCE (Vpp = 5V, VREF = 2.5V) REFERENCE (Vpp = 5V, VREF = 4.096V)
IMAX5800 toc33 MAX5800 toc34
MIDSCALE UNLOADED MIDSCALE UNLOADED
I Vp-p =150V |
I |
1 1o (L
| ' I
If ' | " i )
2uV/div 2uV/div
Rl AL
4s/div 4s/div
VRer DRIFT vs. TEMPERATURE REFERENCE LOAD REGULATION SUPPLY CURRENT vs. INPUT LOGIC VOLTAGE
2 . 0 ——]s 2000 5
s Vpp =5V H A S
g N INTERNAL REFERENCE |2 1800 / g
g W -02 1600
= N =
= 1400
= 15 = 04 & 1200
= E = Vppio =5V
o [T
2 E N = 1000 L
Nt
; 10 < 06 E 800 /
§ VREF = 2.048V, 2.5V, AND 4.096V 3 600 A Vppio =3 \
& . |
5 0.8 400 ‘ \
200 LN Vooio = 18V
0 | 1.0 0 al L >~
02293032333436373940414344 0 50 100 150 200 250 300 350 400 450 500 0 1 2 3 4 5
TEMPERATURE DRIFT (ppm/°C) REFERENCE OUTPUT CURRENT (uA) INPUT LOGIC VOLTAGE (V)
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output

DACs with Internal Reference and 12C Interface

Pin Configurations

TOP VIEW
+ _
REF 1 10 CLR
DI ]]] REF| 1% + -1 10 | CIR
outa |12  maxssoo |91l | vooo Y P
IAX5801 - b v
e (113 waansane 211 son R
P MAX5801 Lo
ouref 3% | L8
ono [ 14 71T ] so EE N e B L E
voo [ TTs] 6] ] AooR GNp[ 47 | 7 fsa
HMAX Voo |5 ] {6 |ADDR
TDFN
Pin Description
PIN NAME FUNCTION
1 REF Reference Voltage Input/Output
2 OUTA Buffered Channel A DAC Output
3 OouTB Buffered Channel B DAC Output
4 GND Ground
5 Vbp Supply Voltage Input. Bypass Vpp with at least a 0.1pF capacitor to GND.
6 ADDR I2C Interface Address Selection Bit
7 SCL 12C Interface Clock Input
8 SDA I2C Bidirectional Serial Data
9 VbDIo Digital Interface Power-Supply Input
10 CLR Active-Low Clear Input
— EP Exposed Pad (TDFN Only). Connect to ground.

Maxim Integrated
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

Detailed Description

The MAX5800/MAX5801/MAX5802 are 2-channel, low-
power, 8-/10-/12-bit buffered voltage-output DACs. The
2.7V to 5.5V wide supply voltage range and low-power
consumption accommodates most low-power and low-
voltage applications. The devices present a 100kQ load
to the external reference. The internal output buffers
allow rail-to-rail operation. An internal voltage reference
is available with software selectable options of 2.048V,
2.5V, or 4.096V. The devices feature a fast 400kHz 12C-
compatible interface. The MAX5800/MAX5801/MAX5802
include a serial-in/parallel-out shift register, internal
CODE and DAC registers, a power-on-reset (POR) cir-
cuit to initialize the DAC outputs to code zero, and con-
trol logic. CLR is available to asynchronously clear the
device independent of the serial interface.

DAC Outputs (OUT_)
The MAX5800/MAX5801/MAX5802 include internal buf-
fers on both DAC outputs. The internal output buffers
provide improved load regulation for the DAC outputs.
The output buffers slew at 1V/us (typ) and drive up to
2kQ in parallel with 500pF. The analog supply voltage
(Vpp) determines the maximum output voltage range
of the devices as Vpp powers the output buffer. Under
no-load conditions, the output buffers drive from GND to
VDD, subject to offset and gain errors. With a 2kQ load to
GND, the output buffers drive from GND to within 200mV
of Vpp. With a 2kQ load to Vpp, the output buffers drive
from Vpp to within 200mV of GND.

The DAC ideal output voltage is defined by:

D
Vout = VReF N

where D = code loaded into the DAC register, VRer =
reference voltage, N = resolution.

Internal Register Structure
The user interface is separated from the DAC logic to
minimize digital feedthrough. Within the serial interface
is an input shift register, the contents of which can be
routed to control registers, individual, or multiple DACs
as determined by the user command.

Within each DAC channel there is a CODE register
followed by a DAC latch register (see the Detailed
Functional Diagram). The contents of the CODE register

Maxim Integrated

hold pending DAC output settings which can later be
loaded into the DAC registers. The CODE register can be
updated using both CODE and CODE_LOAD user com-
mands. The contents of the DAC register hold the current
DAC output settings. The DAC register can be updated
directly from the serial interface using the CODE_LOAD
commands or can upload the current contents of the
CODE register using LOAD commands.

The contents of both CODE and DAC registers are main-
tained during power-down states, so that when the DACs
are powered on, they return to their previously stored
output settings. Any CODE or LOAD commands issued
during power-down states continue to update the register
contents. SW_CLEAR and SW_RESET commands reset
the contents of all CODE and DAC registers to their zero-
scale defaults.

Internal Reference
The MAX5800/MAX5801/MAX5802 include an internal
precision voltage reference that is software selectable
to be 2.048V, 2.500V, or 4.096V. When an internal refer-
ence is selected, that voltage is available on the REF
pin for other external circuitry (see the Typical Operating
Circuits) and can drive a 25kQ load.

External Reference
The external reference input has a typical input
impedance of 100kQ and accepts an input voltage
from +1.24V to Vpp. Connect an external voltage
supply between REF and GND to apply an exter-
nal reference. The MAX5800/MAX5801/MAX5802
power up and reset to external reference mode. Visit
www.maximintegrated.com/products/references for a
list of available external voltage-reference devices.

Clear Input (CLR)
The MAX5800/MAX5801/MAX5802 feature an asynchro-
nous active-low CLR logic input that simultaneously sets
both DAC outputs to zero. Driving CLR low clears the
contents of both the CODE and DAC registers and also
aborts the on-going 12C command. To allow a new 12C
command, drive CLR high, satisfying the tc| RsTA timing
requirement.

Interface Power Supply (Vppio)
The MAX5800/MAX5801/MAX5802 feature a separate
supply pin (Vpp|o) for the digital interface (1.8V to 5.5V).
Connect Vpp)o to the 1/O supply of the host processor.
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

I12C Servial Interface
The MAX5800/MAX5801/MAX5802 feature an 12C-/
SMBus™-compatible, 2-wire serial interface consisting of
a serial data line (SDA) and a serial clock line (SCL). SDA
and SCL enable communication between the MAX5800/
MAX5801/MAX5802 and the master at clock rates up
to 400kHz. Figure 1 shows the 2-wire interface timing
diagram. The master generates SCL and initiates data
transfer on the bus. The master device writes data to the
MAX5800/MAX5801/MAX5802 by transmitting the proper
slave address followed by the command byte and then
the data word. Each transmit sequence is framed by a
START (S) or Repeated START (Sr) condition and a STOP
(P) condition. Each word transmitted to the MAX5800/
MAX5801/MAX5802 is 8 bits long and is followed by an
acknowledge clock pulse. A master reading data from
the MAX5800/MAX5801/MAX5802 must transmit the
proper slave address followed by a series of nine SCL
pulses for each byte of data requested. The MAX5800/
MAX5801/MAX5802 transmit data on SDA in sync with
the master-generated SCL pulses. The master acknowl-
edges receipt of each byte of data. Each read sequence
is framed by a START or Repeated START condition, a
not acknowledge, and a STOP condition. SDA operates
as both an input and an open-drain output. A pullup
resistor, typically 4.7kQ is required on SDA. SCL oper-
ates only as an input. A pullup resistor, typically 4.7kQ, is
required on SCL if there are multiple masters on the bus,
or if the single master has an open-drain SCL output.

Series resistors in line with SDA and SCL are optional.
Series resistors protect the digital inputs of the MAX5800/
MAX5801/MAX5802 from high voltage spikes on the bus
lines and minimize crosstalk and undershoot of the bus
signals. The MAX5800/MAX5801/MAX5802 can accom-
modate bus voltages higher than Vppjo up to a limit of
5.5V; bus voltages lower than Vpp|o are not recommend-
ed and may result in significantly increased interface cur-
rents. The MAX5800/MAX5801/MAX5802 digital inputs
are double buffered. Depending on the command issued
through the serial interface, the CODE register(s) can be
loaded without affecting the DAC register(s) using the
write command. To update the DAC registers, use the
software LOAD command.

I12C START and STOP Conditions
SDA and SCL idle high when the bus is not in use. A mas-
ter initiates communication by issuing a START condition.
A START condition is a high-to-low transition on SDA with

SMBus is a trademark of Intel Corp.

Maxim Integrated

S Sr P

T
LU

VALID START, REPEATED START, AND STOP PULSES

) T

INVALID START/STOP PULSE PAIRINGS -ALL WILL BE RECOGNIZED AS STARTS

Figure 2. I2C START, Repeated START, and STOP Conditions

SCL high. A STOP condition is a low-to-high transition
on SDA while SCL is high (Figure 2). A START condition
from the master signals the beginning of a transmission
to the MAX5800/MAX5801/MAX5802. The master termi-
nates transmission and frees the bus, by issuing a STOP
condition. The bus remains active if a Repeated START
condition is generated instead of a STOP condition.

I2C Early STOP and
Repeated START Conditions
The MAX5800/MAX5801/MAX5802 recognize a STOP
condition at any point during data transmission except
if the STOP condition occurs in the same high pulse as
a START condition. Transmissions ending in an early
STOP condition will not impact the internal device set-
tings. If the STOP occurs during a readback byte, the
transmission is terminated and a later read mode request
will begin transfer of the requested register data from
the beginning (this applies to combined format 12C read
mode transfers only, interface verification mode transfers
will be corrupted). See Figure 2.
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

I12C Slave Address
The slave address is defined as the seven most sig-
nificant bits (MSBs) followed by the RW bit. See Figure
4. The five most significant bits are 00011 with the 2
LSBs determined by ADDR as shown in Table 1. Setting
the R/W bit to 1 configures the MAX5800/MAX5801/
MAX5802 for read mode. Setting the R/W bit to 0 config-
ures the MAX5800/MAX5801/MAX5802 for write mode.
The slave address is the first byte of information sent
to the MAX5800/MAX5801/MAX5802 after the START
condition.

The MAX5800/MAX5801/MAX5802 have the ability to
detect an unconnected state on the ADDR input for
additional address flexibility; if leaving the ADDR input
unconnected, be certain to minimize all loading on the
pin (i.e. provide a landing for the pin, but do not allow
any board traces).

I2C Broadcast Address
A broadcast address is provided for the purpose of
updating or configuring all MAX5800/MAX5801/MAX5802
devices on a given 12C bus. All MAX5800/MAX5801/
MAX5802 devices acknowledge and respond to the
broadcast device address 00010000. The devices will
respond to the broadcast address, regardless of the
state of the address pins. The broadcast mode is intend-
ed for use in write mode only (as indicated by R/W = 0 in
the address given).

I12C Acknowledge
In write mode, the acknowledge bit (ACK) is a clocked 9th
bit that the MAX5800/MAX5801/MAX5802 use to hand-

shake receipt of each byte of data as shown in Figure 3.
The MAX5800/MAX5801/MAX5802 pull down SDA during
the entire master-generated 9th clock pulse if the previous
byte is successfully received. Monitoring ACK allows for
detection of unsuccessful data transfers. An unsuccessful
data transfer occurs if a receiving device is busy or if a
system fault has occurred. In the event of an unsuccess-
ful data transfer, the bus master will retry communication.

Table 1. 12C Slave Address LSBs
A[6:2] = 00011

ADDR A1l A0
VbDIo 0
N.C. 1
GND 1 1
CLOCK PULSE
START FOR
CONDITION ACKNOWLEDGMENT
SCLWWJ

NOT ACKNOWLEDGE

SDA_\ / \ X :z x X >/
ACKNOWLEDGE

Figure 3. I2C Acknowledge

WRITE COMMAND
WRITE ADDRESS BYTE #2: COMMAND BYTE
BYTE #1: 12C SLAVE ADDRESS (B[23:161])

WRITE DATA WRITE DATA
BYTE #3: DATA HIGH BYTE BYTE #4: DATA LOW BYTE
(B[15:8]) (BI7:01)

ACK. GENERATED BY MAX5800/MAX5801/MAX5802

COMMAND EXECUTED

Figure 4. I2C Single Register Write Sequence

Maxim Integrated
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

In read mode, the master pulls down SDA during the
9th clock cycle to acknowledge receipt of data from the
MAX5800/MAX5801/MAX5802. An acknowledge is sent
by the master after each read byte to allow data transfer
to continue. A not-acknowledge is sent when the master
reads the final byte of data from the MAX5800/MAX5801/
MAX5802, followed by a STOP condition.

I12C Command Byte and Data Bytes
A command byte follows the slave address. A command
byte is typically followed by two data bytes unless it is
the last byte in the transmission. If data bytes follow the
command byte, the command byte indicates the address
of the register that is to receive the following two data
bytes. The data bytes are stored in a temporary register
and then transferred to the appropriate register during
the ACK periods between bytes. This avoids any glitch-
ing or digital feedthrough to the DACs while the interface
is active.

I2C Write Operations
A master device communicates with the MAX5800/
MAX5801/MAX5802 by transmitting the proper slave
address followed by command and data words. Each
transmit sequence is framed by a START or Repeated
START condition and a STOP condition as described
above. Each word is 8 bits long and is always followed by an
acknowledge clock (ACK) pulse as shown in the Figure 4
and Figure 5. The first byte contains the address of the
MAX5800/MAX5801/MAX5802 with RW = 0 to indicate
a write. The second byte contains the register (or com-

mand) to be written and the third and fourth bytes contain
the data to be written. By repeating the register address
plus data pairs (Byte #2 through Byte #4 in Figure 4
and Figure 5), the user can perform multiple register
writes using a single 12C command sequence. There is
no limit as to how many registers the user can write with
a single command. The MAX5800/MAX5801/MAX5802
support this capability for all user-accessible write mode
commands.

Combined Format I12C Readback Operations
Each readback sequence is framed by a START or
Repeated START condition and a STOP condition. Each
word is 8 bits long and is followed by an acknowledge
clock pulse as shown in Figure 6. The first byte contains
the address of the MAX5800/MAX5801/MAX5802 with
RMW = 0 to indicate a write. The second byte contains
the register that is to be read back. There is a Repeated
START condition, followed by the device address with
R/W = 1 to indicate a read and an acknowledge clock.
The master has control of the SCL line but the MAX5800/
MAX5801/MAX5802 take over the SDA line. The final two
bytes in the frame contain the register data readback
followed by a STOP condition. If additional bytes beyond
those required to readback the requested data are pro-
vided, the MAX5800/MAX5801/MAX5802 will continue to
readback ones.

Readback of individual CODE registers is supported for
the CODE command (B[23:20] = 0000). For this com-
mand, which supports a DAC address, the requested

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

WRITE COMMAND1 WRITE DATA1 WRITE DATA1
WRITE ADDRESS BYTE #2: COMMAND1 BYTE ~ BYTE #3: DATATHIGHBYTE  BYTE #4: DATA1 LOW BYTE
START  BYTE #1: 12C SLAVE ADDRESS (B[23:16)) (B[15:8]) (BI7:0)
| [0T0 10177 [AIA0] W: A [2322[21 201191 T8[17[16] A [T6TT4[ T3] T2[T[10[ 9T 8 |A[ 716 51 4] 31211 0]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

BYTE #5: COMMANDN BYTE
(B[23:16])

ADDITIONAL COMMAND AND EXECUTED
DATA PAIRS (3 BYTE BLOCKS)
BYTE #6: DATAn HIGH BYTE BYTE #7: DATAn LOW BYTE

(B[15:8]) (BI7:01)

COMMAND1

ACK. GENERATED BY MAX5800/MAX5801/MAX5802

t COMMANDN
EXECUTED

Figure 5. Multiple Register Write Sequence (Standard [2C Protocol)

Maxim Integrated
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

channel CODE register content will be returned; if both
DACs are selected, CODEA content will be returned.

Readback of individual DAC registers is supported for
all LOAD commands (B[23:20] = 0001, 0010, or 0011).
For these commands, which support a DAC address, the
requested DAC register content will be returned. If both
DACs are selected, DACA content will be returned.

Modified readback of the POWER register is supported
for the POWER command (B[23:20] = 0100). The power
status of each DAC is reported in locations B[1:0], with a
1 indicating the DAC is powered down and a 0 indicating
the DAC is operational (see Table 2).

Readback of all other registers is not directly supported.
All requests to read unsupported registers reads back
the device’s reference status and the device ID and revi-
sion information in the format as shown in Table 2.

Table 2. Standard 12C User Readback Data

Interface Verification I12C

Readback Operations

While the MAX5800/MAX5801/MAX5802 support stan-
dard 12C readback of selected registers, it is also
capable of functioning in an interface verification mode.
This mode is accessed any time a readback operation
follows an executed write mode command. In this mode,
the last executed three-byte command is read back in its
entirety. This behavior allows verification of the interface.

Sample command sequences are shown in Figure 7.
The first command transfer is given in write mode with
RMW = 0 and must be run to completion to qualify for
interface verification readback. There is now a STOP/
START pair or Repeated START condition required, fol-
lowed by the readback transfer with R/W = 1 to indicate
a read and an acknowledge clock from the MAX5800/
MAX5801/MAX5802. The master still has control of the

COMMAND BYTE (REQUEST) READBACK DATA HIGH BYTE READBACK DATA LOW BYTE
B23|B22|B21|B20|B19|B18|B17|B16|B15|B14|B13|B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | B0
0 0 0 0 DAC selection CODEN[11:4] CODEN[3:0] 0 0
0 0 0 1 DAC selection DACN[11:4] DACN[3:0] 0 0
0 0 1 0 DAC selection DACN[11:4] DACN[3:0] 0 0
0 0 1 1 DAC selection DACN[11:4] DACN[3:0] 0 0 0 0
olt1]ojofofo[x|x]o|o]oJoJo|Jo|Jo|o|o]o[o]o]o]o |pwsfpwa
1]lolololololo]o CODEA[11:4] CODEA[3:0] olololo
1]lololo|lo|lo] o] 1 DACA[11:4] DACA[3:0] olololo
1]lol1lololol1]o DACA[11:4] DACA[3:0] olololo
tlol1]1]lolo] 1] DACA[11:4] DACA[3:0] olololo
Any other command 1001 1000 000 RE\26|1D1[)2:O] RERFF'E:%?E
WRITE ADDRESS WRITE COMMAND 1 READ ADDRESS READ DATA READ DATA
BYTE #1: 12C SLAVE BYTE #2: COMMAND 1 REPEATED  BYTE #3: 12C SLAVE BYTE #4: DATA 1 HIGH BYTE #5: DATA 1 LOW
START ADDRESS BYTE START ADDRESS BYTE (B[15:8]) BYTE (B[7:0]) STOP
SDA '7 O To [T T T [aiolw i {WTR NN IRTRIRIR]e ) oTo [0 InTaIA a5 To 010 ToTo ol0] ploToToTolololol w1 [
soL T L HE nor ISR T T
ACK. GENERATED BY MAX5800/MAX5801/MAX5802 ACK. GENERATED BY 12C MASTER

Figure 6. Standard I2C Register Read Sequence
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MAXS5800/MAX5801/MAX5802

Ultra-Small, Dual-Channel, 8-/10-/12-Bit Buffered Output
DACs with Internal Reference and 12C Interface

WRITE COMMAND WRITE DATA WRITE DATA
WRITE ADDRESS BYTE #2: COMMAND BYTE BYTE #3: DATA HIGH BYTE BYTE #4: DATA LOW BYTE
START BYTE #1: 12C SLAVE ADDRESS (B[23:16]) (B[15:8]) (B[7:0]) STOP
SDA
SCL
POINTER UPDATED COMMAND EXECUTED
(QUALIFIES FOR COMBINED READ BACK) (QUALIFIES FOR INTERFACE READ BACK)
READ COMMAND READ DATA READ DATA
WRITE ADDRESS BYTE #2: COMMAND BYTE BYTE #3: DATA HIGH BYTE BYTE #4: DATA LOW BYTE
START BYTE #1: 12C SLAVE ADDRESS (B[23:16]) (B[15:8]) (B[7:0]) STOP
sa BRI A |23|22|21|2o|19|18|17|1siA (a2 [0l [81A[7T6 51413 211] 0I~A L
WRITE COMMAND WRITE DATA WRITE DATA
WRITE ADDRESS BYTE #2: COMMAND BYTE BYTE #3: DATA HIGH BYTE BYTE #4: DATA LOW BYTE REPEATED
START BYTE #1: 12C SLAVE ADDRESS (B[23:161) (B[15:8]) (BI7:0]) START
SDA 1 | P |0|0|0|1|1|A1|A0|W A|23|22|21|2o|19|18|17|16iA|15|14|13|12|11|10|9|8|A|7|6|5|4|3|2|1|o| : i
SeL - f
POINTER UPDATED COMMAND EXECUTED
(QUALIFIES FOR COMBINED READ BACK) (QUALIFIES FOR INTERFACE READ BACK)
READ COMMAND READ DATA READ DATA
WRITE ADDRESS BYTE #2: COMMAND BYTE BYTE #3: DATA HIGH BYTE BYTE #4: DATA LOW BYTE
BYTE #1: 12C SLAVE ADDRESS (B[23:16]) (B[15:8]) (B[7:0]) STOP

[[A]ACK. GENERATED BY MAX5800/MAX5801/MAX5802 ACK. GENERATED BY 12C MASTER

Figure 7. Interface Verification I2C Register Read Sequences
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SCL line but the MAX5800/MAX5801/MAX5802 take over
the SDA line. The final three bytes in the frame contain
the command and register data written in the first transfer
presented for readback, followed by a STOP condition. If
additional bytes beyond those required to read back the
requested data are provided, the MAX5800/MAX5801/
MAX5802 will continue to read back ones.

It is not necessary for the write and read mode transfers
to occur immediately in sequence. 12C transfers involv-
ing other devices do not impact the MAX5800/MAX5801/
MAX5802 readback mode. Toggling between readback
modes is based on the length of the preceding write
mode transfer. Combined format 12C readback operation
is resumed if a write command greater than two bytes
but less than four bytes is supplied. For commands writ-
ten using multiple register write sequences, only the last
command executed is read back. For each command
written, the readback sequence can only be completed
one time; partial and/or multiple attempts to readback
executed in succession will not yield usable data.

I12C Compatibility
The MAX5800/MAX5801/MAX5802 are fully compatible
with existing 12C systems. SCL and SDA are high-imped-
ance inputs; SDA has an open drain which pulls the data
line low to transmit data or ACK pulses. Figure 8 shows a
typical 12C application.

I2C User-Command Register Map
This section lists the user accessible commands and
registers for the MAX5800/MAX5801/MAX5802. Each
serial operation word is 24-bits long. The DAC data is left
justified as shown in Table 3.

Table 4 provides detailed information about the Command
Registers.

Table 3. Format DAC Data Bit Positions

SDA

uc

SCL

+bV

.|}—\

MAX5800
MAX5801
MAX5802

SCL

SDA
ADDR

£

MAX5800
MAX5801
MAX5802

SCL
SDA
ADDR

Figure 8. Typical I2C Application Circuit

PART B15 | B14 | B13 | B12 | B11 | B10 | B9

B8

B7

B6

B5

B4

B3

B2

B1

BO

MAX5800 D7 Dé D5 D4 D3 D2 D1

DO

MAX5801 Do D8 D7 D6 D5 D4 D3

D2

D1

DO

MAX5802 D11 | D10 | D9 D8 D7 D6 D5

D4

D3

D2

D1

DO

Maxim Integrated
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CODEn Command
The CODEn command (B[23:20] = 0000) updates the
CODE register contents for the selected DAC(s). Changes
to the CODE register content based on this command will
not affect DAC outputs directly unless the DAC latch has
been configured to be transparent. Issuing the CODEnN
command with DAC SELECTION = ALL DACs is equiva-
lent to CODE_ALL (B[23:16] = 10000000). See Table 4
and Table 5.

LOADn Command
The LOADNn command (B[23:20] = 0001) updates the
DAC register content for the selected DAC(s) by upload-
ing the current contents of the CODE register. The
LOADN command can be used with DAC SELECTION =
ALL DACs to issue a software load for both DACs, which
is equivalent to the LOAD_ALL (B[23:16] = 10000001)
command. See Table 4 and Table 5.

CODENn_LOAD ALL Command
The CODEn_LOAD_ALL command (B[23:20] = 0010)
updates the CODE register contents for the selected
DAC(s) as well as the DAC register content of both
DACs. Channels for which the CODE register content
has not been modified since the last load to DAC register
operation will not be updated to reduce digital crosstalk.
Issuing this command with DAC_ADDRESS = ALL is
equivalent to the CODE_ALL_LOAD_ALL command. The
CODEN_LOAD_ALL command by definition will modify at
least one CODE register. To avoid this, use the LOADnN
command with DAC SELECTION = ALL DACs or use the
LOAD_ALL command. See Table 4 and Table 5.

Table 5. DAC Selection

CODEn_LOADn Command
The CODEN_LOADn command (B[23:20] = 0011)
updates the CODE register contents for the selected
DAC(s) as well as the DAC register content of the
selected DAC(s). Channels for which the CODE register
content has not been modified since the last load to DAC
register operation will not be updated to reduce digital
crosstalk. Issuing this command with DAC SELECTION
= ALL DACs is equivalent to the CODE_ALL_LOAD_ALL
command. See Table 4 and Table 5.

CODE_ALL Command
The CODE_ALL command (B[23:16] = 10000000)
updates the CODE register contents for both DACs. See
Table 4.

LOAD ALL Command
The LOAD_ALL command (B[23:16] = 10000001) updates
the DAC register content for both DACs by uploading the
current contents of the CODE registers. See Table 4.

CODE ALL LOAD ALL Command
The CODE_ALL_LOAD_ALL command (B[23:16] =
1000001x) updates the CODE register contents for both
DACs as well as the DAC register content of both DACs.
See Table 4

B19 B18 B17 B16 DAC SELECTED
0 0 0 0 DAC A
0 0 0 1 DACB
0 0 1 X No effect
X 1 X X ALL DACs
1 X X X ALL DACs

Maxim Integrated
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POWER Command
The MAX5800/MAX5801/MAX5802 feature a software-
controlled power-mode (POWER) command (B[23:18]
= 010000). The POWER command updates the power-
mode settings of the selected DACs while the power set-
tings of the rest of the DACs remain unchanged. The new
power setting is determined by bits B[17:16] while the
affected DAC(s) are selected by bits B[9:8]. If all DACs
are powered down, the device enters a STANDBY mode.

In power-down, the DAC output is disconnected from the
buffer and is grounded with either one of the two selectable
internal resistors or set to high impedance. See Table 7 for
the selectable internal resistor values in power-down mode.
In power-down mode, the DAC register retains its value so

Table 6. POWER Command Format

that the output is restored when the device powers up. The
serial interface remains active in power-down mode.

In STANDBY mode, the internal reference can be pow-
ered down or it can be set to remain powered-on for
external use. Also, in STANDBY mode, devices using the
external reference do not load the REF pin. See Table 6.

SW_RESET and SW_CLEAR Command
The SW_RESET (B[23:16] = 01010001) and SW_CLEAR
(B[23:16] = 01010000) commands provide a means of
issuing a software reset or software clear operation. Use
SW_CLEAR to issue a software clear operation to return
all CODE and DAC registers to the zero-scale value. Use
SW_RESET to reset all CODE, DAC, and configuration
registers to their default values.

B23 | B22 | B21 | B20 | B19 | B18 | B17 | B16 | B15 | B14 | B13 | B12 | B11 | B10 | B9 | B8 B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
0 1 0 0 0 0 |PD1|PDO| X X X X X X B A X X X X X X X X
Power DAC
Mode: Select:
00 = 1 =DAC
POWER Command Normal Don'’t Care Selected Don'’t Care
01 = 1kQ 0 = DAC
10 = 100k Not
11 =Hi-Z Selected
Default Values (all DACs)® | 0 | o | x [ x [ x | x I x [ x [ 1]+ [ x x| x]x]x]x]x]|x

Table 7. Selectable DAC Output Impedance in Power-Down Mode

PD1 (B17) PDO (B16) OPERATING MODE
0 0 Normal operation
0 1 Power-down with internal 1kQ pulldown resistor to GND.
1 0 Power-down with internal 100kQ pulldown resistor to GND.
1 1 Power-down with high-impedance output.

Maxim Integrated
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CONFIG Command
The CONFIG command (B[23:17] = 0110000) updates
the LOAD functions of selected DACs. Issue the com-
mand with B16 = 0 to allow the DAC latches to operate
normally or with B16 = 1 to disable the DAC latches,
making them perpetually transparent. Mode settings of
the selected DACs are updated while the mode settings
of the rest of the DACs remain unchanged; DAC(s) are
selected by bits B[9:8]. See Table 8.

REF Command
The REF command (B[23:19] = 01110) updates the
global reference setting used for both DAC channels. Set
B[17:16] = 00 to use an external reference for the DACs

Table 8. CONFIG Command Format

or set B[17:16] to 01, 10, or 11 to select either the 2.5V,
2.048V, or 4.096V internal reference, respectively.

If RF2 (B18) is set to zero (default) in the REF command,
the reference will be powered down any time both DAC
channels are powered down (in STANDBY mode). If RF2
(B18 = 1) is set to one, the reference will remain powered
even if both DAC channels are powered down, allowing
continued operation of external circuitry. In this mode,
the 1uA shutdown state is not available. See Table 9.

B23 | B22 | B21 | B20|B19|B18 |B17 | B16 | B15 |B14|B13|B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
0 1 1 0 0 0 O |LbB| X X X X X B A X X X X | X X X X
N DAC
= ] Select:
€8 1=DAC
CONFIG Command 2 % Don't Care Selected Don't Care
= 0 =DAC
e Not
i Selected
Default Values (all DACs) B o [ x [ x| x| x| x| x]1] 1 x| x|x]x][x]|x]|x]x

Table 9. REF Command Format

B23|B22| B21|B20|B19| B18 | B17|B16 | B15 |B14|B13| B12|B11[B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 [ B2 | B1 | BO
ol 1] 1][1]o]|rre|rri[RFo| Xx [ x | X X | x x x x [x I x P x [ x x [ x| x
> >
Q 0
' 2 REF Mode:
& o] 00=EXT
REF Command c c|01 =25V Don’t Care Don't Care
£ cl10=20v
S Sli1=4a0v
o —
Default Values o oo x [ x[x[x]x|x|x]x|x[x]x]x][x]x][x]x

Maxim Integrated
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Applications Information

Power-On Reset (POR)
When power is applied to Vpp and Vpp|o, the DAC out-
put is set to zero scale. To optimize DAC linearity, wait
until the supplies have settled and the internal setup and
calibration sequence completes (200us, typ).

Power Supplies and

Bypassing Considerations

Bypass Vpp and Vpp|p with high-quality ceramic capac-

itors to a low-impedance ground as close as possible to

the device. Minimize lead lengths to reduce lead induc-
tance. Connect the GND to the analog ground plane.

Layout Considerations
Digital and AC transient signals on GND can create noise
at the output. Connect GND to form the star ground for
the DAC system. Refer remote DAC loads to this system
ground for the best possible performance. Use proper
grounding techniques, such as a multilayer board with a
low-inductance ground plane, or star connect all ground
return paths back to the MAX5800/MAX5801/MAX5802
GND. Carefully layout the traces between channels to
reduce AC cross-coupling. Do not use wire-wrapped
boards and sockets. Use shielding to minimize noise immu-
nity. Do not run analog and digital signals parallel to one
another, especially clock signals. Avoid routing digital lines
underneath the MAX5800/MAX5801/MAX5802 package.

Definitions

Integral Nonlinearity (INL)
INL is the deviation of the measured transfer function
from a straight line drawn between two codes once offset
and gain errors have been nullified.

Differential Nonlinearity (DNL)
DNL is the difference between an actual step height and
the ideal value of 1 LSB. If the magnitude of the DNL <
1 LSB, the DAC guarantees no missing codes and is
monotonic. If the magnitude of the DNL > 1 LSB, the DAC
output may still be monotonic.

Maxim Integrated

Offset Error
Offset error indicates how well the actual transfer function
matches the ideal transfer function. The offset error is
calculated from two measurements near zero code and
near maximum code.

Gain Error
Gain error is the difference between the ideal and the
actual full-scale output voltage on the transfer curve,
after nullifying the offset error. This error alters the slope
of the transfer function and corresponds to the same
percentage error in each step.

Zero-Scale Error
Zero-scale error is the difference between the DAC
output voltage when set to code zero and ground. This
includes offset and other die level nonidealities.

Full-Scale Error
Full-scale error is the difference between the DAC output
voltage when set to full scale and the reference voltage.
This includes offset, gain error, and other die level non-
idealities.

Settling Time
The settling time is the amount of time required from the
start of a transition, until the DAC output settles to the new
output value within the converter’s specified accuracy.

Digital Feedthrough
Digital feedthrough is the amount of noise that appears
on the DAC output when the DAC digital control lines are
toggled.

Digital-to-Analog Glitch Impulse
A major carry transition occurs at the midscale point
where the MSB changes from low to high and all other
bits change from high to low, or where the MSB changes
from high to low and all other bits change from low to
high. The duration of the magnitude of the switching
glitch during a major carry transition is referred to as the
digital-to-analog glitch impulse.

The digital-to-analog power-up glitch is the duration of
the magnitude of the switching glitch that occurs as the
device exits power-down mode.
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Detailed Functional Diagram

A
REF VDD|
100kQ Rin ¢
A\
MAX5600
INTERNAL / EXTERNAL REFERENCE (USER OPTION)
MAX5801
MAX5802
CODE DAC
> REGISTER > LATCH > 8-/18;\/(;15\-8”
A A
BUFFER A OUTA
VDIo A A A A
Y 4
CLEAR/ CLEAR/
SeLf CODE|  RESET LOAD|  RESET 100k > 1k
> DAC CONTROL LOGIC POWER-DOWN
I
SDA

A
A/

12C SERIAL  —— %7 %7 %7

ADDR INTERFACE  —
CODE DAC
D REGISTER ) LATCH \ 8-/10-/12-BIT
B B DACB ouTB
CLR BUFFER B -

CLR

\

Y

CLEAR/ CLEAR/
POR CODE RESET LOAD RESET 100k 1kQ

> DAC CONTROL LOGIC POWER-DOWN
—»

GND|
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Typical Operating Circuits
T ? T 1
100nF _ _ 100nF ATyF
Rpu = Rpy =
L s 2o = -
Vbpio Voo
- out Vour = -VRer TO +VRer
SDA
MICRO- SOL
CONTROLLER MAX5800
ADDR MAX5801
MAX5802
REF RI R2
_ —\/\/\,—
CLR
6D R1=R2
jus =
NOTE: BIPOLAR OPERATION (ONE CHANNEL SHOWN)
100nF % Rey - Rou - % 100nF i 474F
— 5k 5kQ2 — —
Vbbio VoD
ouT Vout =0V TO VRer
DAC > ———»
SDA
MICRO- SCL
CONTROLLER WAX5800
ADDR
MAX5801
MAX5802  |REE___
CLR
GND
s =
NOTE: UNIPOLAR OPERATION (ONE CHANNEL SHOWN)
Maxim Integrated
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Ordering Information

PART PIN-PACKAGE RESOLUTION (BIT) | INTERNAL REFERENCE TEMPCO (ppm/°C)
MAX5800ATB+T* 10 TDFN-EP** 8 10 (typ), 25 (max)
MAX5800AUB+T* 10 UMAX 8 10 (typ), 25 (max)
MAX5801ATB+T* 10 TDFN-EP** 10 10 (typ), 25 (max)
MAX5801AUB+T* 10 IMAX 10 10 (typ), 25 (max)
MAX5802AAUB+T 10 UMAX 12 3 (typ), 10 (max)
MAX5802BATB+T* 10 TDFN-EP** 12 10 (typ), 25 (max)
MAX5802BAUB+T* 10 IMAX 12 10 (typ), 25 (max)

Note: All devices are specified over the -40°C to +125°C temperature range.

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.

*Future product—Contact factory for availability.

*EP = Exposed pad.

Chip Information

Package Information

PROCESS: BiCMOS

Maxim Integrated

For the latest package outline information and land patterns (foot-
prints), go to www.maximintegrated.com/packages. Note that a

“+7"#”, or “-” in the package code indicates RoHS status only.
Package drawings may show a different suffix character, but the
drawing pertains to the package regardless of RoHS status.

PACKAGE | PACKAGE | OUTLINE LAND
TYPE CODE NO. PATTERN NO.
10 pMAX U10+2 21-0061 90-0330
10 TDFN-EP | T1033+1 21-0137 90-0003
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




