MicrocHir MCP4801/4811/4821

8/10/12-Bit Voltage Output Digital-to-Analog Converter
with Internal Vggg and SPI Interface

Features

« MCP4801: 8-Bit Voltage Output DAC

* MCP4811: 10-Bit Voltage Output DAC

* MCP4821: 12-Bit Voltage Output DAC

* Rail-to-Rail Output

* SPI Interface with 20 MHz Clock Support

» Simultaneous Latching of the DAC Output
with LDAC Pin

» Fast Settling Time of 4.5 ps

 Selectable Unity or 2x Gain Output

« 2.048V Internal Voltage Reference

* 50 ppm/°C Vrgr Temperature Coefficient

e 2.7V to 5.5V Single-Supply Operation

« Extended Temperature Range: -40°C to +125°C

Applications

» Set Point or Offset Trimming

» Sensor Calibration

» Precision Selectable Voltage Reference

« Portable Instrumentation (Battery-Powered)

« Calibration of Optical Communication Devices

Related Products®

\Voltage
P/N DAC. No. of Reference
Resolution | Channel
(VREF)
MCP4801 8 1
MCP4811 10 1
MCP4821 12 1 Internal
MCP4802 8 2 (2.048V)
MCP4812 10 2
MCP4822 12 2
MCP4901 8 1
MCP4911 10 1
MCP4921 12 1
External
MCP4902 8 2
MCP4912 10 2
MCP4922 12 2

Note 1: The products listed here have similar
AC/DC performances.

Description

The MCP4801/4811/4821 devices are single channel
8-bit, 10-bit and 12-bit buffered voltage output
Digital-to-Analog Converters (DACs), respectively. The
devices operate from a single 2.7V to 5.5V supply with
an SPI compatible Serial Peripheral Interface.

The devices have a high precision internal voltage
reference (Vrgg = 2.048V). The user can configure the
full-scale range of the device to be 2.048V or 4.096V by
setting the Gain Selection Option bit (gain of 1 of 2).

The devices can be operated in Active or Shutdown
mode by setting a Configuration register bit or using the
SHDN pin. In Shutdown mode, most of the internal
circuits, including the output amplifier, are turned off for
power savings, while the amplifier output (Vo) Stage is
configured to present a known high resistance output
load (500 kQ, typical).

The devices include double-buffered registers,
allowing a synchronous update of the DAC output
using the LDAC pin. These devices also incorporate a
Power-on Reset (POR) circuit to ensure reliable power-
up.

The devices utilize a resistive string architecture, with
its inherent advantages of low DNL error, low ratio
metric temperature coefficient and fast settling time.
These devices are specified over the extended
temperature range (+125°C).

The devices provide high accuracy and low noise
performance for consumer and industrial applications
where calibration or compensation of signals (such as
temperature, pressure and humidity) are required.

The MCP4801/4811/4821 devices are available in the
PDIP, SOIC, MSOP and DFN packages.
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MCP4801/4811/4821

Package Types

PDIP, SOIC, MSOP

Voo [1]® g 18] Vour
cs (2 § [7]Vss
sck[3] &  [6]SHDN
sbi[4] = [5]LDAC

Vbb
cs
SCK
SDI

MCP4801.: 8-bit single DAC
MCP4811: 10-bit single DAC
MCP4821: 12-bit single DAC

* Includes Exposed Thermal Pad (EP); see Table 3-1.

DFN (2x3)*
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MCP4801/4811/4821

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings t

VDD eeveereeeesmmersesess st 6.5V
All inputs and outputs ..................... Vgg—0.3Vto Vpp + 0.3V
Current at INPUt PINS ...oooiiieiiiiieee e +2 mA
Current at Supply PiNS ....ccocciviiiiiiiiieiiecces +50 mA
Current at OUIPUL PiNS ......oociiiiiiiiciicceceeeeseee +25 mA

Storage temperature ............ccocceeeiiiiieiiiieene -65°C to +150°C
-55°C to +125°C
ESD protection on all pins ........... >4 kV (HBM), > 400V (MM)

Maximum Junction Temperature (T3)......cccoceerirnnnns +150°C

ELECTRICAL CHARACTERISTICS

Ambient temp. with power applied

Tt Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied.
Exposure to maximum rating conditions for extended periods
may affect device reliability.

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Vrer = 2.048V,
Output Buffer Gain (G) = 2x, RL = 5 kQ to GND, C = 100 pF, T, = -40 to +85°C. Typical values are at +25°C.
Parameters Sym | Min Typ | Max | Units Conditions
Power Requirements
Operating Voltage Vpp 2.7 — 55
Operating Current Ibb — 330 400 HA All digital inputs are grounded,
analog output (VouT) is
unloaded. Code = 000h
Hardware Shutdown Current IsHDN — 0.3 2 HA POR circuit is turned off
Software Shutdown Current | Ispypn_sw — 3.3 6 pA POR circuit remains turned on
Power-on Reset Threshold VpoRr — 2.0 — \Y
DC Accuracy
MCP4801
Resolution n 8 — — Bits
INL Error INL -1 1+0.125 1 LSb
DNL DNL -0.5 0.1 +0.5 LSb Note 1
MCP4811
Resolution n 10 — Bits
INL Error INL -35 0.5 35 LSb
DNL DNL -0.5 0.1 +0.5 LSb Note 1
MCP4821
Resolution n 12 — — Bits
INL Error INL -12 2 12 LSb
DNL DNL -0.75 0.2 +0.75 LSb Note 1
Offset Error Vos -1 +0.02 1 % of FSR | Code = 0x000h
Offset Error Temperature — 0.16 — ppm/°C |-45°C to +25°C
Coefficient Vos/°C — 0.44 — ppmI°C | +25°C to +85°C
Gain Error Oe -2 -0.10 2 % of FSR | Code = OxFFFh,
not including offset error
Gain Error Temperature AG/°C — -3 — ppm/°C
Coefficient

Note 1:

Guaranteed monotonic by design over all codes.

2:  This parameter is ensured by design, and not 100% tested.
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MCP4801/4811/4821

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Vg = 2.048V,
Output Buffer Gain (G) = 2x, RL =5 kQ to GND, C; = 100 pF, T, = -40 to +85°C. Typical values are at +25°C.

Parameters Sym Min Typ Max Units Conditions
Internal Voltage Reference (Vreg)
Internal Reference Voltage VREF 2.008 2.048 2.088 \Y VouTt When G = 1x and
Code = OxFFFh
Temperature Coefficient — 125 325 ppm/°C |-40°Cto 0°C
(Note 2) — 0.25 0.65 LSb/°C |-40°Cto 0°C
— 45 160 ppm/°C | 0°C to +85°C
— 0.09 0.32 LSb/°C | 0°Cto +85°C
Output Noise (Vrer Noise) ENREE — 290 — MVpp | Code = OxFFFh, G = 1x
(0.1-10 Hz)
Output Noise Density eNREF — 1.2 - UV/AHz | Code = OxFFFh, G = 1x
(1 kHz)
eNREF — 1.0 — UV/AHz | Code = OxFFFh, G = 1x
(10 kHz)
1/f Corner Frequency fcoOrRNER — 400 — Hz
Output Amplifier
Output Swing Vout — 0.01to — \Y Accuracy is better than 1 LSb
VDD_O'O4 for VOUT =10 mV to
(VDD —-40 mV)
Phase Margin PM — 66 — | Degree (°) | C| =400 pF, R =o©
Slew Rate SR — 0.55 — V/us
Short Circuit Current Isc — 15 24 mA
Settling Time tSETTLING — 45 — ps Within ¥2 LSb of final value
from ¥ to % full-scale range
Dynamic Performance (Note 2)
Major Code Transition Glitch — 45 — nV-s 1 LSb change around major
carry (0111...1111 to
1000. . . 0000)
Digital Feedthrough — <10 — nv-s

Note 1:

Guaranteed monotonic by design over all codes.

2:  This parameter is ensured by design, and not 100% tested.
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MCP4801/4811/4821

ELECTRICAL CHARACTERISTIC WITH EXTENDED TEMPERATURE

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Vreg = 2.048V, Output Buffer Gain (G) = 2x,

R =5kQto GND, C = 100 pF. Typical values are at +125°C by characterization or simulation.

Parameters Sym | Min | Typ ‘ Max ‘ Units | Conditions
Power Requirements
Operating Voltage Vpp 2.7 — 55
Operating Current Ibp — 350 — HA All digital inputs are grounded,
analog output (Vout) is
unloaded. Code = 000h
Hardware Shutdown ISHDN — 15 — pA POR circuit is turned off
Current
Software Shutdown Current | Isppn sw — 5 — HA POR circuit remains turned on
Power-on Reset threshold Vpor — 1.85 — \
DC Accuracy
MCP4801
Resolution n 8 — — Bits
INL Error INL — +0.25 — LSb
DNL DNL — +0.2 — LSb Note 1
MCP4811
Resolution n 10 — — Bits
INL Error INL — +1 — LSb
DNL DNL — +0.2 — LSb Note 1
MCP4821
Resolution n 12 — — Bits
INL Error INL — +4 — LSh
DNL DNL — +0.25 — LSb Note 1
Offset Error Vos — +0.02 — | % of FSR | Code = 0x000h
Offset Error Temperature Vos/°C — -5 — ppm/°C |+25°C to +125°C
Coefficient
Gain Error e — -0.10 — % of FSR | Code = 0xFFFh,
not including offset error
Gain Error Temperature AG/I°C — -3 — ppm/°C
Coefficient
Internal Voltage Reference (Vreg)
Internal Reference Voltage VREF — 2.048 — Vv Vout When G = 1x and
Code = OxFFFh
Temperature Coefficient AVgee/°C — 125 — ppm/°C [-40°C to 0°C
(Note 2) — 0.25 — LSb/°C |-40°Cto 0°C
— 45 — ppm/°C | 0°C to +85°C
— 0.09 — LSb/°C |0°C to +85°C
Output Noise (Vgreg Noise) ENREF — 290 — MWVpp | Code = O0xFFFh, G = 1x
(0.1 - 10 Hz)
Output Noise Density eNREF — 12 — MV/yHz | Code = OxFFFh, G = 1x
(1 kHz)
eNREF — 1.0 — uV/yHz | Code = OxFFFh, G = 1x
(10 kHz)
1/f Corner Frequency fCcORNER — 400 — Hz

Note 1:

Guaranteed monotonic by design over all codes.
2:  This parameter is ensured by design, and not 100% tested.
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MCP4801/4811/4821

ELECTRICAL CHARACTERISTIC WITH EXTENDED TEMPERATURE (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Vggr = 2.048V, Output Buffer Gain (G) = 2x,
R =5kQto GND, C| = 100 pF. Typical values are at +125°C by characterization or simulation.

Parameters Sym | Min | Typ ‘ Max ‘ Units | Conditions
Output Amplifier
Output Swing VouTt — 0.01to — \ Accuracy is better than 1 LSb
VDD—0.04 for VOUT =10 mV to (VDD -

40 mV)

Phase Margin — 66 — | Degree (°) |C_ =400 pF, R =0

Slew Rate — 0.55 — V/us

Short Circuit Current — 17 — mA

Settling Time tSETTLING — 4.5 — Us Within %2 LSb of final value from
Y210 ¥ full-scale range

Dynamic Performance (Note 2)

Major Code Transition — 45 — nV-s 1 LSb change around major

Glitch carry (0111...1111to
1000. . . 0000)

Digital Feedthrough — <10 — nVv-s

Note 1:

Guaranteed monotonic by design over all codes.

2. This parameter is ensured by design, and not 100% tested.

AC CHARACTERISTICS (SPI TIMING SPECIFICATIONS)

Electrical Specifications: Unless otherwise indicated, Vpp= 2.7V — 5.5V, Tp= -40 to +125°C. Typical values are at +25°C.

Parameters Sym Min Typ Max | Units Conditions

Schmitt Trigger High-Level Input \m 0.7V — — \%

Voltage (All digital input pins) DD

Schmitt Trigger Low-Level Input VL — — 02Vpp| V

Voltage (All digital input pins)

Hysteresis of Schmitt Trigger Inputs |  Vpys — 10.05 Vpp —

Input Leakage Current lLeakace | -1 — 1 pA | SHDN = LDAC = CS=SDI=
SCK =Vpp or Vgg

Digital Pin Capacitance Cine — 10 — pF |Vpp = 5.0V, Ty = +25°C,

(All'inputs/outputs) Court fcuk = 1 MHz (Note 1)

Clock Frequency Fclk — — 20 MHz | Tp = +25°C (Note 1)

Clock High Time th 15 — — ns |Notel

Clock Low Time fLo 15 — — ns |Notel

CS Fall to First Rising CLK Edge tcssr 40 — — ns | Applies only when CS falls with
CLK high. (Note 1)

Data Input Setup Time tsy 15 — — ns |Notel

Data Input Hold Time thp 10 — — ns |Notel

SCK Rise to CS Rise Hold Time tchs 15 — — ns |Note 1

CS High Time tesn 15 — — ns |Note 1

LDAC Pulse Width tip 100 — — ns |Note 1

LDAC Setup Time tLs 40 — — ns |Note 1

SCK Idle Time before CS Fall toLE 40 — — ns |Note 1

Note 1:

This parameter is ensured by design and not 100% tested.
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MCP4801/4811/4821
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FIGURE 1-1: SPI Input Timing Data.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vg5 = GND.

Parameters | Sym | Min ‘ Typ | Max ‘ Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C |[Notel
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 8L-DFN (2x3) 03a — 68 — °CIW
Thermal Resistance, 8L-MSOP 03A — 211 — °C/W
Thermal Resistance, 8L-PDIP 03a — 90 — °CIW
Thermal Resistance, 8L-SOIC 03a — 150 — °CIW

Note 1: The MCP4801/4811/4821 devices operate over this extended temperature range, but with reduced
performance. Operation in this range must not cause T, to exceed the maximum junction temperature
of +150°C.
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MCP4801/4811/4821

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vrer = 2.048V, Gain = 2, R, =5 kQ, C, =100 pF.

0.3 5
Ambient Temperature
4
—-+-125C =85 25
3
= —
.
V) J N S S s
0 1024 2048 3072 4096 0 1024 2048 3072 4096
Code (Decimal) Code (Decimal)
FIGURE 2-1: DNL vs. Code (MCP4821). FIGURE 2-4: INL vs. Code and
Temperature (MCP4821).
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MCP4801/4811/4821

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vgege = 2.048V, Gain = 2, R =5 kQ, C| = 100 pF.

0.6

0.5

0.4 - ]
ol MMWVWA

85°C

INL (LSB)

HEVAK

.0.1 +—125°C

25°C

-0.2
-0.3

0 32 64 96 128 160 192 224 256
Code

FIGURE 2-10:

INL vs. Code and

Temperature (MCP4801).

2.050
2.049 r
2.048

\

2.047

2.046

—VDD: 4V

2.045

—VDD: 3V

2.044

VDD: 2.7V

2.043

Full Scale Vgoyr (V)

2.042
2.041

2.040
-40

20 0 20 40
Ambient Temperature (°C)

60

80 100 120

0.3
- 40°C
0.2 x
—~ 0.1 2 OH 2 ¢ JT?Y?
o
(%]
= o
Z :
a -0.1 A3 TT%®
; il / [
-0.2
+25°C to +125°C
03 S —
0 128 256 384 512 640 768 896 1024
Code
FIGURE 2-7: DNL vs. Code and
Temperature (MCP4811).
15
l,
0.5 "
o ||| 85°C
m
n -05
=
a -14
= -1.5
A
-2 \ (mRE N
25 125°C e
-3 T T T T T T T
0 128 256 384 512 640 768 896 1024
Code
FIGURE 2-8: INL vs. Code and

Temperature (MCP4811).

FIGURE 2-11:

Full-Scale Vgy vs. Ambient
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FIGURE 2-12:
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MCP4801/4811/4821

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vreg = 2.048V, Gain = 2, R, =5 kQ, C, =100 pF.
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MCP4801/4811/4821

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vrer = 2.048V, Gain = 2, R =5 kQ, C_ = 100 pF.

07T 5y -0.05
0.6 5.0V 01 | /\\ '
4.0V /’_\ o0
0.5 N / 3.0v 015 ¢ — 557
2.7V S o2l 5oV
2 N o
E‘Z/ 0.4 j g -0.25 - 2.7V
203 w03t
57 £
02 \/ 3 0k
L -0.4
01 r -0.45
0 ‘ ‘ ‘ ‘ -0.5
40 20 0 20 40 60 80 100 120 40 -20 O 20 40 60 80 100 120
Ambient Temperature (°C) Ambient Temperature (°C)
FIGURE 2-18: Hardware Shutdown Current FIGURE 2-21: Gain Error vs. Temperature
vs. Temperature and Vpp. and Vpp.
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MCP4801/4811/4821

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vrer = 2.048V, Gain = 2, R =5 kQ, C_ = 100 pF.
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MCP4801/4811/4821

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vrer = 2.048V, Gain = 2, R =5 kQ, C_ = 100 pF.
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FIGURE 2-33:
Shutdown.
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FIGURE 2-31: Vout Rise Time.
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FIGURE 2-34:

PSRR vs. Frequency.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE FOR MCP4801/4811/4821
MCP4801/4811/4821

MSOP, PDIP, DEN Symbol Description

SOIC, DFN
1 1 Vbbb Supply Voltage Input (2.7V to 5.5V)
2 2 [ Chip Select Input
3 3 SCK Serial Clock Input
4 4 SDI Serial Data Input
5 5 LDAC DAC Output Synchronization Input. This pin is used to transfer the input

register (DAC settings) to the output register (Voyt)

6 6 SHDN Hardware Shutdown Input
7 7 Vss Ground reference point for all circuitry on the device
8 8 Vout DAC Analog Output
— 9 EP Exposed thermal pad. This pad must be connected to Vgg in application

3.1 Supply Voltage Pins (Vpp Vss)

Vpp is the positive supply voltage input pin. The input
supply voltage is relative to Vgg and can range from
2.7V to 5.5V. The power supply at the Vpp pin should
be as clean as possible for good DAC performance.
Using an appropriate bypass capacitor of about 0.1 pF
(ceramic) to ground is recommended. An additional
10 pF capacitor (tantalum) in parallel is also recom-
mended to further attenuate high-frequency noise
present in application boards.

Vsgg is the analog ground pin and the current return
path of the device. The user must connect the Vgg pin
to a ground plane through a low-impedance
connection. If an analog ground path is available in the
application Printed Circuit Board (PCB), it is highly
recommended that the Vgg pin be tied to the analog
ground path or isolated within an analog ground plane
of the circuit board.

3.2 Chip Select (CS)

CS is the Chip Select input pin, which requires an
active low to enable serial clock and data functions.

3.3 Serial Clock Input (SCK)

SCK is the SPI compatible serial clock input pin.

3.4 Serial Data Input (SDI)

SDI is the SPI compatible serial data input pin.

3.5  Latch DAC Input (LDAC)

LDAC (latch DAC synchronization input) pin is used to
transfer the input latch register to the DAC register (out-
put latches, Vgyt). When this pin is low, Voyt is
updated with input register content. This pin can be tied
to low (Vgg) if the Vo1 update is desired at the rising
edge of the CS pin. This pin can be driven by an exter-
nal control device such as an MCU I/O pin.

3.6 Analog Output (Vour)

Vour is the DAC analog output pin. The DAC output
has an output amplifier. The full-scale range of the DAC
output is from Vggto G*Vrer, Where G is the gain
selection option (1x or 2x). The DAC analog output
cannot go higher than the supply voltage (Vpp).

3.7 Exposed Thermal Pad (EP)

There is an internal electrical connection between the
exposed thermal pad (EP) and the Vgg pin. They must
be connected to the same potential on the PCB.

© 2010 Microchip Technology Inc.
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40 GENERAL OVERVIEW

The MCP4801, MCP4811 and MCP4821 are single
channel voltage-output 8-bit, 10-bit and 12-bit DAC
devices, respectively. These devices include rail-to-rail
output amplifier, internal voltage reference, shutdown
and reset-management circuitry. The devices use an
SPI serial communication interface and operate with a
single supply voltage from 2.7V to 5.5V.

The DAC input coding of these devices is straight
binary. Equation 4-1 shows the DAC analog output
voltage calculation.

EQUATION 4-1: ANALOG OUTPUT
VOLTAGE (VouT)
(2.048V x D)
Vour = ———— X
2
Where:
2.048V = Internal voltage reference
D, = DAC inputcode
G = Gain selection

= 2for <GA> bit=0

= 1for<GA>hit=1
n = DAC Resolution

= 8for MCP4801

= 10 for MCP4811

= 12 for MCP4821

The ideal output range of each device is:

+ MCP4801 (n = 8)

(a) 0.0V to 255/256 * 2.048V when gain setting = 1x.
(b) 0.0V to 255/256 * 4.096V when gain setting = 2x.

« MCP4811 (n = 10)

(2) 0.0V to 1023/1024 * 2.048V when gain setting = 1x.
(b) 0.0V to 1023/1024 * 4.096V when gain setting = 2x.
« MCP4821 (n = 12)

(a) 0.0V to 4095/4096 * 2.048V when gain setting = 1x.
(b) 0.0V to 4095/4096 * 4.096V when gain setting = 2x.

1LSb is the ideal voltage difference between two
successive codes. Table 4-1 illustrates the LSb
calculation of each device.

Note: See the output swing voltage specification in
Section 1.0 “Electrical Characteristics”.

TABLE 4-1; LSb OF EACH DEVICE
Device Ga|r_1 LSb Size
Selection
MCP4801 1x 2.048V/256 = 8 mV
(n=18) 2X 4.096V/256 = 16 mV
MCP4811 1x 2.048V/1024 = 2 mV
(n=10) 2X 4.096V/1024 = 4 mV
MCP4821 1x 2.048V/4096 = 0.5 mV
(n=12) 2X 4.096V/4096 = 1 mV
4.0.1 INL ACCURACY

Integral Non-Linearity (INL) error is the maximum
deviation between an actual code transition point and
its corresponding ideal transition point once offset and
gain errors have been removed. The two endpoints
method (from 0x000 to OxFFF) is used for the
calculation. Figure 4-1 shows the details.

A positive INL error represents transition(s) later than
ideal. A negative INL error represents transition(s) ear-
lier than ideal.

INL<O 7
111 —
Actual
110 — Transfer P
Function
101— ¥
Digital 100 — -
Input :
Code | J
on | Ideal Transfer
Function
010— r 15
I
1y
001 —
n
000 —*

‘P{ ~&— INL<O

-— DAC Output —»

FIGURE 4-1: Example for INL Error.

© 2010 Microchip Technology Inc.
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4.0.2 DNL ACCURACY

A Differential Non-Linearity (DNL) error is the measure
of the variations in code widths from the ideal code
width. A DNL error of zero indicates that every code is
exactly 1 LSb wide.

111—  Actual /
Transfer
110  Function
101 \
Digital 100 ~-_
Input Ideal Transfer
Code (o114 Function
010
001 Wide Code, >1 LSb
7/
000 -
4>| ‘4— Narrow Code, <1 LSb
-« DAC Output—
FIGURE 4-2: Example for DNL Error.

4.0.3 OFFSET ERROR

Offset error is the deviation from zero voltage output
when the digital input code is zero.

4.04 GAIN ERROR

Gain error is the deviation from the ideal output,
Vrer — 1 LSb, excluding the effects of offset error.

4.1 Circuit Descriptions

41.1 OUTPUT AMPLIFIER

The analog DAC output is buffered with a low-power,
precision CMOS amplifier. This amplifier provides low
offset voltage and low noise. The output stage enables
the device to operate with output voltages close to the
power supply rails. Refer to Section 1.0 “Electrical
Characteristics” for the analog output voltage range
and load conditions.

In addition to resistive load-driving capability, the
amplifier will also drive high capacitive loads without
oscillation. The amplifier’s strong output allows Vg1 to
be used as a programmable voltage reference in a
system.

41.1.1 Programmable Gain Block

The rail-to-rail output amplifier has two configurable
gain options: a gain of 1x (<GA> = 1) or a gain of 2x
(<GA> = 0). The default setting is a gain of 2x. This
results in an ideal full-scale output of 0.000V to 4.096V
due to the internal reference (Vrgg = 2.048V).

41.2 VOLTAGE REFERENCE

The MCP4801/4811/4821 devices utilize internal
2.048V voltage reference. The voltage reference has a
low temperature coefficient and low noise
characteristics. Refer to Section 1.0 “Electrical Char-
acteristics” for the voltage reference specifications.

DS22244B-page 18
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41.3 POWER-ON RESET CIRCUIT

The internal Power-on Reset (POR) circuit monitors the
power supply voltage (Vpp) during the device
operation. The circuit also ensures that the DAC
powers up with high output impedance (<SHDN> = 0,
typically 500 kQ). The devices will continue to have a
high-impedance output until a valid write command is
received, and the LDAC pin meets the input low
threshold.

If the power supply voltage is less than the POR
threshold (Vpor = 2.0V, typical), the DAC will be held
in the Reset state. It will remain in that state until
Vpp > Vpor and a subsequent write command is
received.

Figure 4-3 shows a typical power supply transient
pulse and the duration required to cause a reset to
occur, as well as the relationship between the duration
and trip voltage. A 0.1 uF decoupling capacitor,
mounted as close as possible to the Vpp pin, can
provide additional transient immunity.

Y
()
= e Y S Vpor
o Vpp -V
g I DD POR
2=
= —»| |«— Transient Duration
@
Time
- 10 Tp=+25°C
2
c 8
]
T
5 6
a]
c 4
5 Transients above the curve
(%] \ will cause a reset
5 2| ———{
= Transients belowm
0 will NOT cause a reset ™
1 2 3 4
Vop - Vpor (V)
FIGURE 4-3: Typical Transient Response.

41.4 SHUTDOWN MODE

The user can shut down the device using a software
command (<SHDN> = 0) or SHDN pin. During
shutdown mode, most of the internal circuits, including
the output amplifier, are turned off for power savings.
The internal reference is not affected by the shutdown
command. The serial interface also remains active,
allowing a write command to bring the device out of
Shutdown mode. There will be no analog output at the
Vout pin, which is internally switched to a known resis-
tive load (500 kQ, typical). Figure 4-4 shows the analog
output stage during Shutdown mode.

The condition of the Power-on Reset circuit during
Shutdown is as follows:

a) Turned off if shutdown occurred from the SHDN
pin

b) Remains turned on if the shutdown occurred
through software

The device will remain in Shutdown mode until the
<SHDN> bit = 1 is latched into the device or SHDN pin
is changed to logic high. When the device is changed
from Shutdown to Active mode, the output settling time
takes < 10 ps, but greater than the standard active
mode settling time (4.5 ps).

Vout

— grl;p ’ |

Power-Down ::>

Control Circuit

Resistive 500 kO
Load
Resistive String DAC | J7
FIGURE 4-4: Output Stage for Shutdown
Mode.
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5.0 SERIAL INTERFACE

51 Overview

The MCP4801/4811/4821 devices are designed to
interface directly with the Serial Peripheral Interface
(SPI) port, available on many microcontrollers, and
supports Mode 0,0 and Mode 1,1. Commands and data
are sent to the device via the SDI pin, with data being
clocked-in on the rising edge of SCK. The
communications are unidirectional and, thus, data
cannot be read out of the MCP4801/4811/4821
devices. The CS pin must be held low for the duration
of a write command. The write command consists of
16 bits and is used to configure the DAC’s control and
data latches. Register 5-1 to Register 5-3 detail the
input register that is used to configure and load the
DAC register for each device. Figure 5-1 to Figure 5-3
show the write command for each device.

Refer to Figure 1-1 and the SPI Timing Specifications
Table for detailed input and output timing specifications
for both Mode 0,0 and Mode 1,1 operation.

5.2 Write Command

The write command is initiated by driving the CS pin
low, followed by clocking the four Configuration bits and
the 12 data bits into the SDI pin on the rising edge of
SCK. The CS pin is then raised, causing the data to be
latched into the DAC's input register.

The MCP4801/4811/4821 devices utilize a double-
buffered latch structure to allow the DAC output to be
synchronized with the LDAC pin, if desired.

By bringing down the LDAC pin to a low state, the
content stored in the DAC's input register is transferred
into the DAC’s output register (Voyt), and Voyr is
updated.

All writes to the MCP4801/4811/4821 devices are
16-bit words. Any clocks after the first 16™ clock will be
ignored. The Most Significant four bits are
Configuration bits. The remaining 12 bits are data bits.
No data can be transferred into the device with CS
high. The data transfer will only occur if 16 clocks have
been transferred into the device. If the rising edge of
CS occurs prior, shifting of data into the input register
will be aborted.

© 2010 Microchip Technology Inc.
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REGISTER 5-1: WRITE COMMAND REGISTER FOR MCP4821 (12-BIT DAC)

W-x W-x W-x W-0 W-x W-x W-x W-x | W-x W-X W-x W-x W-x W-x W-x W-x
0 | —| GA |SHDN| D11 [D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
bit 15 bit 0

REGISTER 5-2:  WRITE COMMAND REGISTER FOR MCP4811 (10-BIT DAC)

W-x  W-x W-x W-0 W-x W-x W-x W-x | W-x W-X W-x W-x W-x W-x W-x W-x
0o | —| GA |SHDN| D9 | D8 [ D7 | D6 | D5 | D4 | D3 [ D2 [ D1 | DO | x | «x

bit 15 bit 0

REGISTER 5-3:  WRITE COMMAND REGISTER FOR MCP4801 (8-BIT DAC)

W-x W-x W-x W-0 W-x W-x W-x W-x | W-x W-X W-x W-x W-x W-x W-x W-x
o | —| GA |SHDN| D7 | D6 [ D5 | D4 [ D3 | D2 [ D1 [ DO | x | x | x | «x

bit 15 bit 0

Where:

bit 15 (1) 0 = Write to DAC register
1 = Ignore this command

bit 14 — Don't Care

bit13  GA: Output Gain Selection bit
1= 1x (Voyut = VRer * D/4096)
0= 2x(Vout =2 * VRrer * D/4096), where internal Vreg = 2.048V.

bit 12 SHDN: Output Shutdown Control bit

1 = Active mode operation. VouT is available.

0 = Shutdown the device. Analog output is not available. Vg1 pin is connected to 500 kQ (typical).

bit 11-0 D11:D0: DAC Input Data bits. Bit x is ignored.

Legend
R = Readable bit
-n = Value at POR

W = Writable bit
1 = bit is set

U = Unimplemented bit, read as ‘0’
0 = bit is cleared X = bit is unknown

Note 1: This bit must be ‘0’. The device ignores the write command if this MSB bit is not ‘0’.

DS22244B-page 22
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cs | /

..., 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (Mode 1,1)
SCK . (Mode 0,0)
l«—— config bits > 12 data bits

soi | 0 Y — YGa)sHDN D11><D10><D9><D8><D7><D6><D5><D4XD3XEXDE<DOV
[AC AR

Vout /

FIGURE 5-1: Write Command for MCP4821 (12-bit DAC).

s\ /

... 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 gl\ll_o_dfe_l,_lz B
csnnhEphhnhnhhihii (Mode 0.0
l«—— config bits > 12 data bits -

sor |0 J = JeaTsron oo o for e oefoa oo oe] x [ x
e \

Vout /

Note: X =*“don’t care” bits.

FIGURE 5-2: Write Command for MCP4811 (10-bit DAC).

..,0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (Mode 1,1)
SCK . (Mode 0,0)

A

l«—— config bits > 12 data bits -

sor | 0 | —JeaTsron] o oo osforfoeseorfoo] x T T ] &
e W

Vout /

Note: X =*“don’t care” bits.

FIGURE 5-3: Write Command for MCP4801 (8-bit DAC).
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6.0 TYPICAL APPLICATIONS

The MCP4801/4811/4821 family of devices are general
purpose, single channel voltage output DACs for
various applications where a precision operation with
low-power and internal voltage reference is required.

Applications generally suited for the devices are:

» Set Point or Offset Trimming

» Sensor Calibration

» Precision Selectable Voltage Reference

« Portable Instrumentation (Battery-Powered)

* Calibration of Optical Communication Devices

6.1 Digital Interface

The MCP4801/4811/4821 devices utilize a 3-wire
synchronous serial protocol to transfer the DAC's setup
and input codes from the digital devices. The serial
protocol can be interfaced to SPl or Microwire
peripherals which are common on many microcon-
troller units (MCUSs), including Microchip’s PIC® MCUs
and dsPIC® DSCs.

In addition to the three serial connections (CS, SCK
and SDI), the LDAC signal synchronizes the DAC
output with LDAC pin event. By bringing the LDAC pin
down “low”, the DAC input codes and settings in the
DAC input register are latched into the output register,
and the DAC analog output is updated. Figure 6-1
shows an example of the pin connections. Note that the
LDAC pin can be tied low (Vgs) to reduce the required
connections from 4 to 3 1/O pins. In this case, the DAC
output can be immediately updated when a valid
16 clock transmission has been received and the CS
pin has been raised.

6.2 Power Supply Considerations

The typical application will require a bypass capacitor
to filter out noise in the power supply traces. The noise
can be induced onto the power supply’s traces from
various events such as digital switching or as a result
of changes on the DAC'’s output. The bypass capacitor
helps minimize the effect of these noise sources.
Figure 6-1 illustrates an appropriate bypass strategy. In
this example, two bypass capacitors are used in paral-
lel: (a) 0.1 pF (ceramic) and (b)10 pF (tantalum). These
capacitors should be placed as close to the device
power pin (Vpp) as possible (within 4 mm).

The power source supplying these devices should be
as clean as possible. If the application circuit has
separate digital and analog power supplies, Vpp and
Vgg of the device should reside on the analog plane.

6.3 Output Noise Considerations

The voltage noise density (in pV/VHz) is illustrated in
Figure 2-13. This noise appears at Voyt, and is
primarily a result of the internal reference voltage.
Its 1/f corner (fcorner) IS approximately 400 Hz.

Figure 2-14 illustrates the voltage noise (in mVgyg or
mVp.p). A small bypass capacitor on Vgyt is an
effective method to produce a single-pole Low-Pass
Filter (LPF) that will reduce this noise. For instance, a
bypass capacitor sized to produce a 1 kHz LPF would
result in an Eyggg Of about 100 pViys. This would be
necessary when trying to achieve the low DNL error
performance (at G = 1x) that the MCP4801/4811/4821
devices are capable of. The tested range for stability
is .001 pF through 4.7 pF.

Voo Voo
Cl1=10pF
C2=0.1pF Cll IC2 cil fQ
Vbb Y
-—  Vour cs
c[T1 twel] 2 (s
I Icz R
& o
O |= =
= o
] =
c
3
v o
(&)
Vour | ¥ SO AVss Sbo| =
) 'F 5 SCK| 9
5 = Q
T8 >
LDAC
CS,
g v
AVss Vss
FIGURE 6-1: Typical Connection
Diagram.

6.4 Layout Considerations

Inductively-coupled AC transients and digital switching
noises can degrade the output signal integrity, and
potentially reduce the device performance. Careful
board layout will minimize these effects and increase
the Signal-to-Noise Ratio (SNR). Bench testing has
shown that a multi-layer board utlizing a
low-inductance ground plane, isolated inputs and
isolated outputs with proper decoupling, is critical for
the best performance. Particularly harsh environments
may require shielding of critical signals.

Breadboards and wire-wrapped boards are not
recommended if low noise is desired.

© 2010 Microchip Technology Inc.
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6.5

The MCP4801/4811/4821 devices are rail-to-rall
voltage output DAC devices designed to operate with a
Vpp range of 2.7V to 5.5V. Its output amplifier is robust
enough to drive small-signal loads directly. Therefore, it
does not require any external output buffer for most
applications.

Single-Supply Operation

6.5.1 DC SET POINT OR CALIBRATION

A common application for the devices is a digitally-
controlled set point and/or calibration of variable
parameters, such as sensor offset or slope. For
example, the MCP4821 and MCP4822 provide
4096 output steps. If G = 1x is selected, the internal
2.048V VRer would produce 500 pV of resolution. If
G =2x is selected, the internal 2.048 Vgrgr would
produce 1 mV of resolution.

EXAMPLE 6-1:

6.5.1.1 Decreasing Output Step Size

If the application is calibrating the bias voltage of a
diode or transistor, a bias voltage range of 0.8V may be
desired with about 200 pV resolution per step. Two
common methods to achieve a 0.8V range are to either
reduce Vggg to 0.82V (using the MCP49XX family
device that uses external reference) or use a voltage
divider on the DAC'’s output.

Using a Vggr is an option if the Vygg is available with
the desired output voltage range. However,
occasionally, when using a low-voltage Vggr, the noise
floor causes SNR error that is intolerable. Using a
voltage divider method is another option and provides
some advantages when Vrgg needs to be very low or
when the desired output voltage is not available. In this
case, a larger value Vggg is used while two resistors
scale the output range down to the precise desired
level.

Example 6-1 illustrates this concept. Note that the
bypass capacitor on the output of the voltage divider
plays a critical function in attenuating the output noise
of the DAC and the induced noise from the
environment.

EXAMPLE CIRCUIT OF SET POINT OR THRESHOLD CALIBRATION

(a) Single Output DAC:

Vpp

W

MCP4801
MCP4811
MCP4821
Veet
(b) Dual Output DAC: Rsense
Vbp
MCP4802 _
MCP4812 R = Comparator
MCP4822 Vour 1 Vririp
DAC / M ? T +
1 Vee—
R, 0.1 pF I cC
spl—— = il 1
3-wire = )
D _ . )
Vv = 2048.G.-" G = Gain selection (1x or 2x)
ouT N D, = Digital value of DAC (0-255) for MCP4801/MCP4802
= Digital value of DAC (0-1023) for MCP4811/MCP4812
_ R2 = Digital value of DAC (0-4095) for MCP4821/MCP4822
Virip = VouT|R 7R,
p Ri*+R, N = DAC bit resolution
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6.5.1.2 Building a “Window” DAC

When calibrating a set point or threshold of a sensor,
typically only a small portion of the DAC output range is
utilized. If the LSb size is adequate enough to meet the
application’s accuracy needs, the unused range is
sacrificed without consequences. If greater accuracy is
needed, then the output range will need to be reduced
to increase the resolution around the desired threshold.

EXAMPLE 6-2:

SINGLE-SUPPLY “WINDOW” DAC

If the threshold is not near Vggg, 2VRgg Or Vss, then
creating a “window” around the threshold has several
advantages. One simple method to create this
“window” is to use a voltage divider network with a pull-
up and pull-down resistor. Example 6-2 and
Example 6-4 illustrate this concept.

(a) Single Output DAC:

Ry + Ry;

MCP4801
MCP4811
MCP4821
(b) Dual Output DAC:
MCP4802
MCP4812
Vv
MCP4822 Vee+  Rsense CC+
Vbp —
R3 L
T R = Comparator
Vour , 1t Virip
DAC AV } l +
L R, 0.1 puF Vee-
sPl —— = I
3-wire —
Vee- -
— Dn
VouT = 2048 -G -—
2
G = Gain selection (1x or 2x)
D, = Digital value of DAC (0-255) for MCP4801/MCP4802
= Digital value of DAC (0-1023) for MCP4811/MCP4812
= Digital value of DAC (0-4095) for MCP4821/MCP4822
N = DAC bit resolution
: = PR 3 ;
' . R,+ R '
' Thevenin 2703 Vour— Vo
 Equivalent (Ve Ry) + (Ve Ry) .
: 23 = R :
! R, + Ry 23 !
! V. = VoutRaz + VasR