MICROCHIP

MCP48CXBXX

8/10/12-Bit Digital-to-Analog Converters, 1 LSb INL
Single/Dual Voltage Outputs with SPI Interface

Features

Memory Options:

- Volatile Memory: MCP48CVBXX

- Nonvolatile Memory: MCP48CMBXX

Operating Voltage Range:

- 2.7V to 5.5V — Full specifications

- 1.8V to 2.7V — Reduced device specifications

Output Voltage Resolutions:

- 8-Bit: MCP48CXBO0X (256 steps)

- 10-Bit: MCP48CXB1X (1024 steps)

- 12-Bit: MCP48CXB2X (4096 steps)

Nonvolatile Memory (MTP) Size: 32 Locations

1 LSb Integral Nonlinearity (INL) Specification

DAC Voltage Reference Source Options:

- Device Vpp

- External Vggr pin (buffered or unbuffered)

- Internal band gap (1.214V typical)

Output Gain Options:

- 1x (Unity)

- 2x (available when not using internal Vpp as
voltage source)

Power-on/Brown-out Reset (POR/BOR)
Protection

Power-Down Modes:
- Disconnects output buffer (High-Impedance)

- Selection of Vot pull-down resistors
(100 kQ or 1 kQ)

SPI Interface:

- Supports ‘00" and ‘11’ modes
- 50 MHz write speed

- 25 MHz read speed

Package Types:

- Dual: 16-lead 3 x 3 QFN, 10-lead MSOP,
10-lead 3 x 3 DFN

- Single: 16-lead 3 x 3 QFN, 10-lead MSOP,
10-lead 3 x 3 DFN

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

Package Types

MCP48CXBX1 (Single)
MSOP-10, DFN-10 (3 x 3)

N

Vop [1]0 [10] SDI
CS[3] 9] SCK
VREer [3] (8] SDO
Vour [4] (7] Vss
NC [5] [6] LAT/HVC

112] SCK
[11] SDO
10 Vss
9] LAT/HVC

MCP48CXBX2 (Dual)
MSOP-10, DFN-10 (3 x 3)

Vop [1] 0 = [10] SDI
Cs [z 9] SCK
VRer [3] (8] SDO
Vouto [4] (7] Vss
Vour1 [5] 6] LAT/HVC®)

[12] sCK

[11] SDO

10 Vs

9] CATO/HVC

Note 1: Exposed pad (substrate paddle).

2: This pin’s signal can be connected to DACO
and/or DAC1.
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MCP48CXBXX

General Description

The MCP48CXBXX are single and dual-channel 8-bit,
10-bit, and 12-bit buffered voltage output
Digital-to-Analog Converters (DAC), with volatile or
MTP memory and an SPI serial interface.

The MTP memory can be written by the user up to 32
times, for each specific register. It requires a
high-voltage level on the HVC pin, typically 7.5V, in
order to successfully program the desired memory
location. The nonvolatile memory includes power-up
output values, device configuration registers and
general purpose memory.

The VRgg pin, the device Vpp or the internal band gap
voltage can be selected as the DAC'’s reference
voltage. When Vpp is selected, Vpp is internally
connected to the DAC reference circuit.

When the Vggg pin is used with an external voltage
reference, the user can select between a gain of 1 or 2
and can have the reference buffer enabled or disabled.
When the gain is 2, the Vrgr pin voltage should be
limited to a maximum of Vpp/2.

These devices have a four-wire SPI-compatible serial
interface with speeds up to 50 MHz for write and
25 MHz for read operations.

Applications

» Set Point or Offset Trimming

» Sensor Calibration

* Low-Power Portable Instrumentation
» PC Peripherals

» Data Acquisition Systems

MCP48CVBX1 Block Diagram (Single-Channel Output)

Vbp
Vss Power-up/Brown-out Control Memory
VOLATILE (4 x 16)
SCK SPI Serial Interface Module Sggg
SDI and Control Logic
(WiperLock™ Technology) POWER-DOWN
SDO GAIN
CcS STATUS
NONVOLATILE (13 x 16)
TAT \Y DACO
LAT/HVC > IHH VREF
AT POWER-DOWN
LATO GAIN
V WIPERLOCK™
DD
PD1PDOand &
VREF1:VREFO0
Band gap| VBG
1.214V
VREF1:VREFO—,
Vrero I —+ >—I—I—I Vouro
— v
Vbb -
T 28 g
= O G X
L a4 |35 2 =
o 4 - S
A
VREF1:VREFO —é— — =
Note 1: Available only on specific packages.
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MCP48CXBXX

MCP48CVBX2 Block Diagram (Dual-Channel Output)

\Y%
sz Power-up/Brown-out Control Memory
VOLATILE (5 x 16)
SCK SPI Serial Interface Module DACO and DAC1
SDI and Control Logic VREF
(WiperLock™ Technology) POWER-DOWN

SDO GAIN

cs STATUS

NONVOLATILE (14 x 16)

Vi DACO and DAC1
LATO/HVC IR > VREF
— POWER-DOWN
LATO GAIN
V WIPERLOCK™
DD

PD1:PDO and T
VREF1:VREFO0

Band gap VG

1.214V
VREF1:VREFO=P\_
Veero® IR ® + " I I M Vouro
o v
V —
- ' |38 S
D 5 o] R
——I\I—II 8 g = 8
o 1 - =
AL
VREF1:VREFO _é_ = —
LAT1? 1 » LATO®@
Vb

PD1:PDOand .4
VREF1:VREFO

VREF1:VREF0 P\,

V
Veer) I + W Vour
_ v
—_ . % CTJ 9
? B3 g o
Ny T xS - =
A
VREF1:VREFO$ _é—

Note 1: Available only on specific packages.

2: Ondual output devices, except those in a QFN16 package, the LATO pin is internally connected to LAT1
input of DACA1.

3: On dual output devices, except those in a QFN16 package, the Vgggq pin is internally connected to
VREF1 input of DAC1.
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MCP48CXBXX

Family Device Features

o | 2 2 | % o
e ) 2 | 3 ) b
c c DAC Output £ o > Q
Device Package Type P 2 POR/BOR i o -
o 2 Setting(" =< 5 p
s ° = |14 s £
3+ 4 o S =
(14 3* * %
MCP48CVB01 MSOP, QFN, DFN 1 8 7Fh 1 1 RAM —
MCP48CVB11 MSOP, QFN, DFN 1 10 1FFh 1 1 RAM —
MCP48CVB21 MSOP, QFN, DFN 1 12 7FFh 1 1 RAM —
QFN 2 8 7Fh 2 2 RAM —

MCP48CVB02
MSOP, DFN 2 8 7Fh 1 1 RAM —
QFN 2 10 1FFh 2 2 RAM —

MCP48CVB12
MSOP, DFN 2 10 1FFh 1 1 RAM —
QFN 2 12 7FFh 2 2 RAM —

MCP48CVB22
MSOP, DFN 2 12 7FFh 1 1 RAM —
MCP48CMBO01 MSOP, QFN, DFN 1 8 7Fh 1 1 MTP 8
MCP48CMB11 MSOP, QFN, DFN 1 10 1FFh 1 1 MTP 8
MCP48CMB21 MSOP, QFN, DFN 1 12 7FFh 1 1 MTP 8
QFN 2 8 7Fh 2 2 MTP 8

MCP48CMB02
MSOP, DFN 2 8 7Fh 1 1 MTP 8
QFN 2 10 1FFh 2 2 MTP 8

MCP48CMB12
MSOP, DFN 2 10 1FFh 1 1 MTP 8
QFN 2 12 7FFh 2 2 MTP 8

MCP48CMB22
MSOP, DFN 2 12 7FFh 1 1 MTP 8

Note 1: The factory default value.

2: Each nonvolatile memory location can be written 32 times. For subsequent writes to the MTP, the device
will ignore the commands and the memory will not be modified.

3: If the product is a dual device and the package has only one LAT pin, it is associated with both DACO and

DAC1.
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MCP48CXBXX

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(f)

Voltage on Vpp With respect t0 Vg ....eoociiiiiiiiiiiiic -0.6V to +6.5V
Voltage on all pins with resSpect to Vgg .....ocviiiiiiiiiiii e -0.6V to Vpp+0.3V
Input Clamp Current, lix (V, <0, V| >Vpp, V| > Vpp 0N HV PINS) ..coiiiiiiiiiie e 120 mA
Output Clamp Current, lok (Vo <0 0r Vo > Vpp) e 20 mA
Maximum Current out of Vgg pin (SINGIE) .....oniiiiiii e 50 mA
(=1 RSP 100 mA

Maximum Current into Vpp pin (SINGIE) et 50 mA
(=1 SRS 100 mA

Maximum Current sourced by the Vo PIN.....coiiiiiic s 20 mA
Maximum Current SUNK by the Vo PIN ... e e 20 mA
Maximum Current source/sunk by the Vreg(g) pin (in Band Gap Mode) .............cciiiiiiiinninis 20 mA
Maximum Current sunk by the VRggy pin (When Vggr is in Unbuffered mode) .........cccoeviviiiiiiiiiiciiccien 175 pA
Maximum Current sourced by the VREEy PIN.....coiiiiiiiiiii s 20 pA
Maximum Current sUNK by the VREE PN ....eeeii et e 125 pA
Maximum Output Current sunk by SDO OUIPUL PIN......eeiiiiiiiiiiiiie et 25 mA
Maximum Output Current sourced by SDO OUIPUL PIN...coiviiiiiiiieiiieee et nee 25 mA
Total Power DIssIPAtioN) ... 400 mw
ESD Protection 0N @ll PINS........covoiiieiiiieicieeece ettt bbbt st sess s s e e st s eee > 16 kV (HBM)
............ > 400V (MM)

........... > 12 kV (CDM)

Latch-Up (per JEDEC JESDT78A) @t +125°C .......oiiiiiiiiieee et st e +100 mA
o] = o [T =10 0T 0=y = U SR -65°C to +150°C
Ambient Temperature with pOWer @ppli€d ............ooiiiiiiiiie e -55°C to +125°C
Soldering Temperature of [eads (10 SECONAS) ....ceeiiiiii ittt e e et e e st e et e e et ee e sneeenneeeeeneeeeenneas +300°C
Maximum Junction TeMPErature (T g) ..o e e +150°C

T 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.

Note 1: Power dissipation is calculated as follows:
Ppis = Vpp x {lpp - Z lon} + Z {(Vop = Vor) X lon} + Z(VoL X lor)

© 2019 Microchip Technology Inc. DS20006160A-page 5



MCP48CXBXX

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)
All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV, RL =2 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. Min. | Typ. Max. Units Conditions
Supply Voltage Vpp 27 — 55 \Y,
1.8 — 2.7 V | DAC operation (reduced analog

specifications) and Serial Interface
Vpp Voltage VpoRr — — 1.75 V | RAM retention voltage (Vram) < VPor
(rising) to ensure device Vpp voltages greater than the Vpog limit
Power-on Reset ensure that the device is out of reset.
Vpp Voltage VBoR VRam | — 1.61 V | RAM retention voltage (Vram) < VBoOR
(falling) to ensure device
Brown-out Reset
Vpp Rise Rate to ensure | Vppgrr (Note 3) Vims
Power-on Reset
Power-on Reset to TPORZOD — — 130 us VDD rising, VDD > VPOR
Output-Driven Delay Single Output
(NOte 2) — — 145 us VDD rising, VDD > VPOR

Dual Output

Note 2
Note 3

This parameter is ensured by characterization.

POR/BOR voltage trip point is not slope dependent. Hysteresis implemented with time delay.

DS20006160A-page 6
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,

RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. Min. | Typ. | Max. | Units Conditions

Supply Current Ibp — — 250 MA | Single |1 MHz Serial Interface Active

— — 700 10 MHZ® | VRXB:VRXA = ‘1 0@,
> Vour is unloaded,

— | — | 2300 50 MHz(2) Vrer = Vpp = 5.5V
— | — | 350 WA |Dual |1MHz Volatile DAC
_ _ 800 10 MHZ® register = Midscale
— — 2400 50 MHz(2)
— — 160 MA | Single | Serial Interface Inactive

J— J— 280 ”A Dual VRxB:VRXA = ‘10‘, VREF = VDD =55V
SCK =8DI = Vss,

Vouyr is unloaded,

Volatile DAC register = Midscale

LAT/HVC Pin Ipp(MTP_WR) — — 6.40 mA — | Serial Interface Inactive

Write Current(® (MTP Write Active),

VRxB:VRXA = ‘10’ (valid for all modes)
VDD = 55V, LAT/HVC = VlHH’

Write all ‘1’s to nonvolatile DACO,
Vour pins are unloaded.

Power-Down Ippp — |056| 3.80 WA — | PDxB:PDxA =01"®),

Current VRxB:VRxA =10,
Vourt not connected

Note 2  This parameter is ensured by characterization.
Note 4  Supply current is independent of current through the resistor ladder in mode VRxB:VRxA = ‘10’.
Note 5 The PDxB:PDxA =‘01’, ‘10’, and ‘11’ configurations should have the same current.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,

RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. Min. Typ. Max. | Units Conditions
Resistor Ladder Rp 63.9 71 78.1 kQ |VRxB:VRxA =10’
Resistance(®) VRer = Vop
Resolution N 256 Taps 8-bit | No Missing Codes
;# C;fTReS')StOFS and 1024 Taps | 10-bit | No Missing Codes

of Taps . —
(see B.1 “Resolution”) 4096 Taps | 12-bit | No Missing Codes
Nominal Vour Match(® | [Vaut - Voutmeanl — | 0016 | 03 % |1.8V<Vpp<5.5v@
NouTtMEAN
Vout Tempco®) AVoyt/AT — 3 — | ppm/°C | Code = Mid-scale
(see B.19 “Vourt (7Fh, 1FFh or 7FFh),
Temperature VRxB:VRxA =
Coefficient”) ‘00%, '10°,and ‘11’
VREF Pin VREF VSS —_ VDD \Y 1.8V < VDD < 55V(1)
Input Voltage Range
Note 1 This parameter is ensured by design.
Note 2 This parameter is ensured by characterization.
Note 6 Resistance is defined as the resistance between the Vrgp pin (mode VRxB:VRXA = ‘10’) to Vgg pin. For

dual-channel devices (MCP48CXBX2), this is the effective resistance of each resistor ladder. The
resistance measurement is one of the two resistor ladders measured in parallel.

Note 10 Variation of one output voltage to mean output voltage for dual devices only.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)
All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,
RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

(see B.10 “Gain
Error Drift

Parameters Sym. Min. Typ. Max. Units Conditions
Zero-Scale Error Ezs — — 0.375 LSb |8-bit |VRxB:VRxA='10",G="0’,
(Code = 000h) VRer = Vpp, No Load.

(Szee Bg | = = 15 LSb |10-bit |VRxXB:VRXA=‘10’,G="0’,
“Zero-Scale Vrer = Vpp, No Load.
Error (EZS)”) : REF - P~ e
— — 6 LSb [12-bit |VRxB:VRxA='10’, G =0,
VREF = VDD’ No Load.
See Section 2.0 “Typical LSb VRxB:VRXA = ‘10’, G = ‘1,
Performance Curves”(?) Vger = 0.5 X Vpp, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA = ‘01", G=‘0", G =1,
Performance Curves”(?) Vpp = 1.8-5.5V, No Load.
Offset Error Eos -6 0.7 +6 mV | VRxB:VRxA = ‘10", Gx = ‘0’, No Load
(see B.7 “Offset 8-bit: Code = 4; 10-bit: Code = 16;
Error (EOS)”) 12-bit: Code = 64
Offset Voltage VosTte — 15 — pv/eCc
Temperature
Coefficient(? )
Full-Scale Error Ers — — 2.5 LSb |8-bit |VRxB:VRxA='10",G="0’,
(see B.4 VRrer = Vpp, No Load.
“Full-Scale — — 9 LSb [10-bit |VRxB:VRXA='10’,G="0,
Error (EFS) ) VREF = VDD, No Load.
— — 35 LSb [12-bit |VRxB:VRxA='10’, G=‘0’,
VREF = VDD, No Load.
See Section 2.0 “Typical LSb VRxB:VRXA = ‘10’, G = ‘1’,
Performance Curves”(?) VRer = 0.5 X Vpp, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA =01, G=‘0", G="'1,
Performance Curves”(?) Vpp = 1.8-5.5V, No Load.
Gain Error Eg -1 0.1 +1 % of VRxB:VRxA = 10", G =0,
(see B.9 “Gain FSR | 8-bit Code =252,
Error (EG)”)(") Vree = Vpp, No Load
-1 0.1 +1 % of VRxB:VRXA = ‘10’, G = ‘0’,
FSR |[10-bit |Code = 1008,
VREF = VDD, No Load
-1 0.1 +1 % of VRxB:VRxA = ‘10’, G = ‘0’,
FSR |[12-bit |Code =4032,
VREF = VDD, No Load
Gain-Error Drift®) | AG/°C — -6 — ppm/°C

Note 2 This parameter is ensured by characterization.
Note 7 This gain error does not include the offset error.
Note 9 Code range dependent on resolution: 8-bit, codes 4 to 252; 10-bit, codes 16 to 1008; 12-bit, codes 64 to 4032.

© 2019 Microchip Technology Inc.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)
All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,
RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Performance Curves”®

Parameters Sym. Min. Typ. Max. Units Conditions
TotalUnadjustedError | Et -2.5 — 0.75 LSb |8-bit |VRxB:VRxA='10",G="0,
(see B.6 “Total VREF = VDD, No Load.
Unadjusted Error -9 — 3 LSb |10-bit |VRXB:VRXA =‘10’,G =°0’,
(ET) ) ' VREF = VDD, No Load.

-35 — 12 LSb |12-bit |VRxB:VRxA =10, G =‘0’,
VREF = VDD’ No Load.
See Section 2.0 “Typical LSb VRxB:VRxA = ‘10", G = ‘1,
Performance Curves” Vger = 0.5 X Vpp, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA =‘01’,G=‘0’, G =1,
Performance Curves” Vpp = 1.8-5.5V, No Load.
Integral INL -0.10 — +0.10 LSb |8-bit |VRxB:VRxA='10",G="0,
Nonlinearity VRrer = Vpp, No Load.
(see B.11 “Integral -0.25 — +0.25 | LSb [10-bit |VRxB:VRXA =10, G ="0,
'\:;EILn(eg?rlty VREF = VDD, No Load.
(INL)") -1 — 4l LSb |12-bit |VRxB:VRxA =10, G =‘0’,
VREF = VDD, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA = ‘10", G = ‘1,
Performance Curves”(? Vger = 0.5 X Vpp, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA ='01’, G=0",G="1’,
Performance Curves”(? Vpp = 1.8-5.5V, No Load.
Differential DNL -0.1 — +0.1 LSb |8-bit |VRxB:VRxA='10",G="0,
Nonlinearity VRer = Vpp, No Load.
(see B.12. -0.25 — +0.25 | LSb [10-bit |VRxB:VRXA =10, G ="0,
NDIf.:_erent!al VREF = VDD, No Load.
onlinearity 1.0 — +1.0 | LSb [12-bit |VRxB:VRXA =10, G ="0,
(DNL)”)
VREF = VDD, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA = ‘10", G = ‘1,
Performance Curves”?) Vger = 0.5 X Vpp, No Load.
See Section 2.0 “Typical LSb VRxB:VRxA = ‘01", G=0", G =1,

Vpp = 1.8-5.5V, No Load.

Note 2 This parameter is ensured by characterization.
Note 9 Code range dependent on resolution: 8-bit, codes 4 to 252; 10-bit, codes 16 to 1008; 12-bit, codes 64 to 4032.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)
All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,
RL = 2 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.
Parameters Sym. Min. Typ. Max. Units Conditions
-3 dB Bandwidth BW — 60 — kHz | Vggg = 3.0V+/-2V,
(see B.16 “-3 dB VRxB:VRXA = ‘10", Gx = ‘0’
Bandwidth™) — 35 — kHz |VRrgr = 3.5V+-1.5V,
VRxB:VRXA = ‘10", Gx = ‘1’
Output Amplifier (Op Amp)
Phase Margin(") PM — 58 — °C |[R =
Slew Rate SR — 0.15 — Vius |R=2kQ
Load Regulation — — 130 — MV/MA [1mA<I<6mA |Vpp=5.5Y,
— | 320 — HV/mA |6 mA <1<-1mA | DAC code =
Midscale
Short-Circuit Current Isc_oa 6 10 14 mA | Short to DAC code = Full Scale
Vss
6 10 14 mA | Short to DAC code = Zero Scale
Vbb
Settling Time(® tseTTLNG | — 16 — us  |R=2kQ
Internal Band Gap
Band Gap Voltage Via 1.180 | 1.214 1.260 \Y 1.8 <Vpp<5.5V
Short Circuit Current Isc_BG 6 10 14 mA | Short to Vgg
6 10 14 mA | Short to Vpp
Band Gap Voltage VeaTe — 16 — ppm/°C | 1.8V < Vpp < 5.5V
Temperature
Coefficient
Band Gap mode VRrgg IgG — 30 — MV/mA [1mA<I<6mA |Vpp=5.5Y,
pin load regulation _ 390 _ pV/mA |-6 mA <1 <-1 mA | DAC code = Mid-
scale

Note 1 This parameter is ensured by design.

Note 8  Within 1/2 LSb of the final value, when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in a
12-bit device.)
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,

RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters | Sym. | Min. ‘ Typ. | Max. | Units ‘ Conditions

External Reference (VRrgf)

Input Range(") VREF Vss — Vpp-0.04 | V |VRxB:VRXA=‘10’
(Unbuffered mode)

Input Capacitance CRrer — 29 — pF | VRxB:VRxA = ‘10’
(Unbuffered mode)

Input Impedance RL See Resistor Ladder Resistance(®) kQ |2.7V <=Vpp <= 5.5V
VRxB:VRXA = ‘10’
Vrer = Vbp

Current through lVREF — — 172.15 HA | Mathematically from Ryrer(min)

Vree" spec (at 5.5V)

Total Harmonic THD — -76 — dB | VRrer =2.048V £ 0.1V,

Distortion(!) VRXB:VRXA = ‘10", Gx = ‘0,

Frequency = 1 kHz

Dynamic Performance

Major Code — — 10 — nV-s |1 LSb change around major carry
Transition Glitch (see (7FFh to 800h)

B.14 “Major-Code
Transition Glitch”)

Digital Feedthrough — — <2 — nV-s
(see B.15 “Digital
Feed-Through”)

Note 1  This parameter is ensured by design.

Note 6 Resistance is defined as the resistance between the Vrgr pin (mode VRxB:VRXA = ‘10’) to Vgg pin. For
dual-channel devices (MCP48CXBX2), this is the effective resistance of each resistor ladder. The
resistance measurement is one of the two resistor ladders measured in parallel.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)
All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,
RL = 2 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. | Min. | Typ. ‘ Max. | Units | Conditions
Digital Inputs/Outputs (&, SDI, SDO, SCK, LATx)
Schmitt Trigger High-Input ViH 0.45 Vpp — — V  [1.8V<Vpp<5.5V (Allows 2.7V
Threshold Digital Vpp with 5.5V Analog Vpp
or 1.8V Digital Vpp with 3.0V
Analog Vpp)

Schmitt Trigger Low-Input VL — — 0.2 Vpp \
Threshold
Hysteresis of Schmitt Trig- Vhys — 0.1 Vpp — \
ger Inputs
Output Low Voltage (SDO) VoL Vss — 0.3 Vpp V  |loL =200 pA
Output High Voltage (SDO) VoH 0.7 Vpp — Vpp V  |loy =-200 pA
Input Leakage Current I -1 — 1 MA | V|y=Vppand V| =Vgs
Pin Capacitance Cin: Cout — 10 — pF
RAM Value
Value Range N Oh — FFh hex | 8-bit

Oh — 3FFh hex | 10-bit

Oh — FFFh hex |12-bit
DAC Register POR/BOR N See Table 4-2 hex | 8-bit
Value See Table 4-2 hex | 10-bit

See Table 4-2 hex |12-bit

PDCON Initial — See Table 4-2 hex
Factory Setting
Power Requirements
Power Supply Sensitivity PSS — 0.001 0.0035 %/% | 8-bit |Code = Midscale
(B.17 “Power-Supply 10-bit
Sensitivity (PSS)”) 12-bit

© 2019 Microchip Technology Inc.
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MCP48CXBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+1.000V to VDD, VSS = OV,

RL = 2 kQ from VOUT to GND, CL =100 pF

Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters | Sym. ‘ Min. | Typ. ‘ Max. |Units|

Conditions

Multi-Time Programming Memory (MTP)

MTP Programming Vg mTP 2.0 — 5.5 \Y HVC =V |yp,-20°C < Ty < +125°C
Voltage (Note 1)
LAT/HVC pin Voltage for Vinn 7.25 75 7.75V V | The LAT/HVC pin will be at one of
MTP Programming the three input levels (V,, V|4 or
(High-Voltage Vi)W
Commands)(") The LAT/HVC pin must supply the
required MTP programming
current (up to 6.4 mA).
Writes Cycles — — — 32(12) | Cycles |Note 1
Data Retention DRytP 10 — — Years |at+85°C(1)
MTP Range N Oh — FFh hex | 8-bit
Oh — 3FFh hex | 10-bit
Oh — FFFh hex | 12-bit
0000h 7FFFh hex | All General Purpose Memory
Initial Factory Setting N See Table 4-2 —
MTP tWC(MTP) — — 250 us VDD =+2.0Vto 55V,
Programming Write Cycle -20°C < Tp <+125°C
Time (Note 1)
Note 1 This parameter is ensured by design.

Note 11  High voltage on the LAT/HVC pin must be limited to the command + programming time. After the
programming cycle, the LAT/HVC pin voltage must be returned to 5.5V or lower.

Note 12  After 32 MTP write cycles, writes are inhibited and the 32nd write value is retained (not corrupted).

DS20006160A-page 14
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MCP48CXBXX

DC Notes:

1. This parameter is ensured by design.

2. This parameter is ensured by characterization.

3. POR/BOR voltage trip point is not slope dependent. Hysteresis implemented with time delay.

4. Supply current is independent of current through the resistor ladder in mode VRxB:VRxA = ‘10’.

5. The PDxB:PDxA =‘01’, ‘10’, and ‘11’ configurations should have the same current.

6. Resistance is defined as the resistance between the Vgrgg pin (mode VRxB:VRXA ='10’) to Vgg pin. For

dual-channel devices (MCP48CXBX2), this is the effective resistance of each resistor ladder. The resistance
measurement is one of the two resistor ladders measured in parallel.

This gain error does not include the offset error.

8. Within 1/2 LSb of the final value, when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in a 12-bit
device.)

9. Code range dependent on resolution: 8-bit, codes 4 to 252; 10-bit, codes 16 to 1008; 12-bit, codes 64 to 4032.
10. Variation of one output voltage to mean output voltage for dual devices only.

11. High voltage on the LAT/HVC pin must be limited to the command + programming time. After the programming
cycle, the LAT/HVC pin voltage must be returned to 5.5V or lower.

12. After 32 MTP write cycles, writes are inhibited and the 32nd write value is retained (not corrupted).

N
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MCP48CXBXX

1.1 Timing Waveforms and Requirements

1.1.1 WIPER SETTLING TIME

S208LShb_ New Value
Vout Old Value /
FIGURE 1-1: Vour Settling Time Waveforms.

TABLE 1-1: WIPER SETTLING TIMING
Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

Timing Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, Vgs = 0V, R, = 2 kQ from Vgt to GND, C, = 100 pF.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. | Min. | Typ. | Max. | Units Conditions
Vour Settling Time tg — 16 — ps | 12-bit | Code = 400h — CO0h; COOh — 400h (Note 1)
(see B.13 “Settling
Time”)

Note 1: Within 1/2 LSb of final value when code changes from 1/4 to 3/4 of FSR.

1.1.2 LATCH PIN (LAT) TIMING

[ATx P .
tar :
Wx :
AN
FIGURE 1-2: LAT Pin Waveforms.

TABLE 1-2: LAT PIN TIMING

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Tp < +125°C (Extended)

Timing Characteristics All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VSS = OV, RL = 2 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. Min. Typ. Max. Units Conditions
LATx Pin Pulse Width t AT 20 — — ns

DS20006160A-page 16 © 2019 Microchip Technology Inc.



MCP48CXBXX

1.1.3 RESET AND POWER-DOWN TIMING
VDD VPOR : EIKVBOR
| ' |
D S——. <
I POR2SIA = IPOR20D + tBorD |
l |
Vour | \:\ Vou at High Z
A\ /
:SPI Interface is operational '
FIGURE 1-3: Power-on and Brown-out Reset Waveforms.
"4th bit 1stbit | "24th bit |
lwrite I(Next | lwrite |
lcommand) command) lcommand)
SCKEN/ N | N/
L — :_ I | L — 4+ 4
t 't
: PDD | : PDE |
Vout \ ' I/
FIGURE 1-4: SPI Power-Down Waveforms.
TABLE 1-3: RESET AND POWER-DOWN TIMING

Timing Characteristics

Standard Operating Conditions (unless otherwise specified):
Operating Temperature: -40°C < Ty < +125°C (Extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, Vgg = 0V, RL = 2 kQ from Vg1 to GND, C = 100 pF.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. | Min. | Typ. | Max. | Units Conditions
Power-on Reset Delay | tporosia| — — | 130 Ms | Single |Vpp transitions from Vppainy = > Vpor
(Note 1) _ _ 145 Dual | Vour disabled to Vgt driven
Brown-out Reset Delay | tgorp | — 30 — Ms | Vpp transitions from Vpp(normal operation)— <
VBoR
Vouyr driven to Vgt disabled
Power-Down Output Tepe — 1.5 — pus | PDxB:PDxA =11’,‘10’, or ‘01’ — “00” started from
Enable Time Delay the rising edge of the 24" SCK clock cycle;
Volatile DAC Register = FFFh, Vot =10 mV;
VouyT not connected.
Power-Down Output TeoD — 10.025| — pus | PDxB:PDxA =“00" — ‘11’, ‘10’, or ‘01’ started from
Disable Time Delay the rising edge of the 24" SCK clock cycle;
Vour =Vour- 10 mV;
Vourt not connected.

Note 1:

This parameter is ensured by characterization.

© 2019 Microchip Technology Inc.
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MCP48CXBXX

1.2 SPI Mode Timing Waveforms and Requirements

HVC

»
- ViHH )
'H /" Note: HVC pin must be at Vi until MTP Write cycle completes

I T BT

70— - 72—

SCK ! M
. I 83—
71 '
. 80 :
| -~ : | - (
SDO
SDI
FIGURE 1-5: SPI Timing Waveform (Mode = ‘11°).

TABLE 1-4: SPI REQUIREMENTS (MODE = ‘11’)

# Characteristic(? Sym. Min. | Max. | Units Conditions
— | SCK Input Frequency Fsck — 25 | MHz |Vpp =2.7Vt0 5.5V - Read
command, C; =20 pF
— 50 | MHz |Vpp =2.7Vto 5.5V - Write
commands, C; =20 pF

— 10 | MHz |Vpp =1.8Vt0 2.7V

70 |CS Active (V) to SCKT Input TcsA2scH 15 — ns

71 | SCK Input High Time TscH 10 — ns |Vpp=2.7Vto 5.5V
20 — ns |Vpp=1.8Vto27V

72 | SCK Input Low Time TscL 10 — ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vto27V

73 | SDI Input Valid to SCKT Edge (Setup Time) TpIV2scH 5 — ns

74 | SCKT Edge to SDI Input Invalid (Hold Time) TscH2DIL 10 — ns

77 | CS Inactive (V}4) to SDO Output TesH2DOZ | — 20 ns |Note 1

High-Impedance

80 |SCKJ Edge to SDO Data Output Valid TscL2DOV | — 20 ns |Vpp=2.7Vto5.5V
— 35 ns |Vpp=1.8Vto27V

83 | SCKT Edge to CS Inactive (V) (Hold Time) TscH2csl 15 — ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vto27V

84 |CS Input High Time TesA2csl | 30 | — | ns

89 |Delay from HVC V|yy to First Command — 0 — ns

Bytem

Note 1: This specification is ensured by design.
2: This parameter is ensured by characterization.

DS20006160A-page 18
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MCP48CXBXX

- (@
Vj 89 _, ViHH )) x /
H ' Note: HVC pin must be at V|yH until MTP Write cycle completes L

Vi . . :
= "= / ;
CSs ' : ViL (¢ : \,7

SCK

HVC

SDO 41 Z . X BIT6---%-- !

— 731+ G
Sbl \ MSb IN HBITG - ?
S - )
74
FIGURE 1-6: SPI Timing Waveform (Mode = 00).

TABLE 1-5: SPI REQUIREMENTS (MODE = 00)

# Characteristic® Sym. Min. |Max. | Units Conditions
— | SCK Input Frequency Fsck — 25 | MHz |Vpp =2.7Vto 5.5V -
Read command,
C_=20pF
— 50 | MHz |Vpp=2.7Vt0 5.5V -
Write commands,
CL =20 pF
— 10 | MHz |Vpp =1.8Vto 2.7V
70 |CS Active (V_ or V}4y) to SCKT Input TcsA2scH 15 — ns
71 | SCK Input High Time TscH 10 — ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vto27V
72 | SCK Input Low Time TscL 10 — ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vto27V
73 | SDI Input Valid to SCKT Edge (Setup Time) TDIV2scH 5 — ns
74 | SCKT Edge to SDI Input Invalid (Hold Time) TscH2DIL 10 — ns
77 |CS Inactive (V,y) to SDO Output TesH2DOZ — 20 ns |Note 1
High-Impedance
80 |SCK{ Edge to SDO Data Output Valid TscL2DoV — 20 ns |Vpp=2.7Vto5.5V
— 35 ns |Vpp=1.8Vto27V
82 |CS Active (V) to SDO Data Output Valid TesL2DoOV — 20 ns |[2.7Vto5.5V
— 35 ns |1.8Vto2.7V
83 |SCK{ Edge to CS Inactive (Vi) (Hold Time) TscH2csl 15 — ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vto27V
84 | CS Input High Time TcsA2csl 30 — ns
89 | Delay from HVC V |y to First Command — 0 — ns
Bytem

Note 1: This specification is ensured by design.
2: This parameter is ensured by characterization.
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MCP48CXBXX

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.
Parameters ‘ Sym. | Min. ‘ Typ. | Max. | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C |Note 1
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 10L-MSOP CITN — 206 — °C/IW
Thermal Resistance, 10L-DFN (3 x 3) CETN — 91 — °C/W
Thermal Resistance, 16L-QFN CITN — 58 — | °C/W

Note 1: The MCP48CXBXX 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.

DS20006160A-page 20
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MCP48CXBXX

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.
21 Electrical Data
Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.
VDD Mode, Vp,= 5.5V VDD Mode
2500 600
l A{ -=-2.7V - Single 5.5V - Single
2000 500 - 2.7V - Dual 5.5V - Dual
-=-1 MHz - Single =1 MHz - Dual 400 -
1500 50Nz Single 50 MHz - Dual L
3; -+Static - Single -e-Static - Dual =3 300 - Y -
$1000 1 8
200 -
500 1 100 ]
o o+
-40 25 10 5 20 35 50 65 80 95 110 125 40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
FIGURE 2-1: Average Device Supply FIGURE 2-4: Average Device Supply

Current vs. Fgck Frequency, Voltage and
Temperature - Active Interface,
VRxB:VRxA = ‘00’, (Vpp Mode).

BG Mode, V= 5.5V
2500 l -
— |
2000
-=-1 MHz - Single =1 MHz - Dual
—_ 10 MHz - Single -+-10 MHz - Dual
< 1500 1 50 My . Single 50 MHy - Dual
= -+-Static- Single -e-Static - Dual
[=]
1000 -
500
40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

FIGURE 2-2: Average Device Supply
Current vs. Fgci Frequency, Voltage and
Temperature - Active Interface,

VRxB:VRxA = ‘01’ (Band Gap Mode).

VREF BUF Mode, Vyp= 5.5V
2500 J =
— 1
2000 -
oMz Single 10 Mz - Daal
s - Singl - s
<1500 1 50 MHy - Single 50 MHy - Dual
= -=-Static - Single -e-Static - Dual
[=]
1000 -
500
0 T T T T T T T T T T
-40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)
FIGURE 2-3: Average Device Supply

Current vs. Fgck Frequency, Voltage and

Tempera

ture - Active Interface,

VRxB:VRXA = ‘11’ (Vrer Buffered Mode).

Current - Inactive Interface (SCK = V| or V) vs.
Voltage and Temperature, VRxB:VRxA = ‘00’
(VDD Mode).

BG Mode
600
500 -
_.400
)
~300
A
200 -
100 | -=-2.7V-Single --5.5V - Single
2.7V - Dual --5.5V - Dual
0 T T T T T T T T T T
40 -25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

FIGURE 2-5: Average Device Supply
Current - Inactive Interface (SCK = V |y or V) vs.
Voltage and Temperature, VRxB:VRxA = ‘01’
(Band Gap Mode).

VREF BUF Mode
600
500 //4

__400 1

3

=300

[=}

-2 /
200 [
100 -=-2.7V - Single =55V - Single

2.7V - Dual --5.5V - Dual
0 T T T T T T T T T T
40 -25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

FIGURE 2-6: Average Device Supply
Current - Inactive Interface (SCK =V or VI;)
vs. Voltage and Temperature, VRxB:VRxA = ‘11’
(Vrer Buffered Mode).

© 2019 Microchip Technology Inc.
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MCP48CXBXX

Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

VREF UNBUF Mode, V= 5.5V

2500
T
2000 <
-=-1 MHz - Single =1 MHz - Dual
—_ 10 MHz - Single ~e-10 MHz - Dual
< 1500 1 50 MHz - Single 50 MHz - Dual
= -+Static - Single -e-Static - Dual
Q
1000 -
500 — e
0

40 -25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

VREF UNBUF Mode

300

250 -
200 ,/
)
~150 -
8 //

100 4____,//

50 | -=-2.7V - Single 5.5V - Single
2.7V - Dual --5.5V - Dual
0

-40 25 10 5 20 35 50 65 80 95 110 125

FIGURE 2-7: Average Device Supply
Current vs. Fgci Frequency, Voltage and
Temperature - Active Interface,

VRxB:VRxA = ‘10’ (Vreg Unbuffered Mode).

Temperature (°C)

Vpo= 5.5V, F = 50 MHz

2600
-=-\/DD - Single --VDD - Dual
2500 Bandgap - Single -s-Bandgap - Dual
VREF BUF - Single ~---VREF BUF - Dual

VREF UNB - Single ->-VREF UNBUF - Dual

2400 1 ~

82200 |
2100 4— e
2000 | e}
1900

40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C)

FIGURE 2-8: Average Device Supply
Active Current (Ippa) (at 5.5V and

Fsck = 80 MHz) vs. Temperature and DAC
Reference Voltage Mode.

FIGURE 2-9: Average Device Supply
Current - Inactive Interface (SCK = Vy or V) vs.
Voltage and Temperature, VRxB:VRxA = ‘10’
(Vrer Unbuffered Mode).
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MCP48CXBXX

2.2 Linearity Data

221 TOTAL UNADJUSTED ERROR (TUE) - MCP48CXB2X (12-BIT), Vrer = Vpbp
(VRXB:VRXA =‘00’), GAIN = 1X, CODE 64-4032
Note:  Unless otherwise indicated: Tp = +25°C, Vpp = 5.5V
TUE (V= 5.5V, Ver= Voo, Unbuffered) TUE (V= 5.5V, Ver= Voo, Unbuffered)
5.00 5.00
2.50 a8
0.00 W
5 oo \ L ——
- - -
T -2.50 T -5.00 ——
2 DN e
i 5,00 ~— ul 750
+CHO (-40°C) -10.00 + .CHo(-40°C) - CHO (+25°C)
-7.50 | - CHo (+25°C) CHO (+85°C) = CHO (+125°C)
CHOo (+85°C) -12.50 + . cH1(-40°C) - CH1 (+25°C)
10,00 | CHO(+125°C) ‘ ‘ 45.00 |+ CH1(+85°C) - CH1 (+125°C) ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-10: Total Unadjusted Error FIGURE 2-13: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature (Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 5.5V. (Dual-Channel - MCP48CXB22), Vpp = 5.5V.
TUE (Vpo= 2.7V, Vger= Vpp, Unbuffered) TUE (Vpo= 2.7V, Vger= Vpp, Unbuffered)
5.00 5.00
2.50 2.50
_ _ 0.00 -
® & -2.50 \%
) -
e T -5.00 - :
2 2
i o L -7.50
= CHO (-40°C) ‘“'\ -10.00 + . CH0(-40°C) - CHO (+25°C)
-7.50 | - CHo (+25°C) CHO (+85°C) =+ CHO (+125°C)
CHo (+85°C) -12.50 + . CH1(-40°C) - CH1 (+25°C)
10.00 |_CHO (+125°C) ‘ ‘ 45,00 |+ CH1(+85°C) - CH1 (+125°C) ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-11: Total Unadjusted Error FIGURE 2-14: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature (Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 2.7V. (Dual-Channel - MCP48CXB22), Vpp = 2.7V.
TUE (Vpo= 1.8V, Vger= Vpp, Unbuffered) TUE (Vpp= 1.8V, Vger= Vpp, Unbuffered)
5.00 5.00
2.50 2.50 -
_ _ 0.00 -
§ o0 \-\\ § o \\.—\\."—W\
T -2.50 X A T -5.00
2 x g
5 o500 v . 5 -7.50 |
= CHO (-40°C) NV -10.00 | . CHoO(-40°C) - CHO (+25°C)
-7.50 | - CHO (+25°C) CHO (+85°C)  » CHO (+125°C)
CHo (+85°C) -12.50 | . CH1(-40°C) - CH1 (+25°C)
10,00 |_CHO (+125°C) ‘ ‘ 45,00 |+ CH1(+85°C) - CH1 (+125°C) ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-12: Total Unadjusted Error FIGURE 2-15: Total Unadjusted Error

(Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 1.8V.

(Vout) vs. DAC Code and Temperature
(Dual-Channel - MCP48CXB22), Vpp = 1.8V.
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222 INTEGRAL NONLINEARITY (INL) - MCP48CXB2X (12-BIT), Vrer = Vpp (VRXB:VRXA = ‘00’),

GAIN = 1X, CODE 64-4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

INL Error (Vpp= 5.5V, Vgee= Vpp, Unbuffered)
1.00 — CHO (-40°C)
0.75 |+ * CHO (+25°C)
- CHO (+85°C)
0.50 | * CHO (+125°C)
& 0.25
-l
< 0.00
[
= -0.25
-0.50
0.75
-1.00 ‘ ‘ .
0 1024 2048 3072 4096
DAC Code
FIGURE 2-16: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
VDD =5.5V.

INL Error (Vpp= 2.7V, Vgge= Vpp, Unbuffered)

INL Error (Vpp= 5.5V, Vgee= Vpp, Unbuffered)
1.00

+ CHO (-40°C) - CHO (+25°C)
0.75 | + CHO (+85°C) -+ CHO (+125°C)
CH1(-40°C) - CH1 (+25°C)

0.50 | +CH1(+85°C) + CH1 (+125°C)

% 0.25 ‘m
|
< 0.00 1 i
5 -0.25 g t
-0.50
-0.75
-1.00 T T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-19: INL Error vs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
VDD =5.5V.

INL Error (Vpp= 2.7V, Vgee=Vpp, Unbuffered)

+ CHO (-40°C) -+ CHO (+25°C)
0.75 | + CHO (+85°C)  + CHO (+125°C)
CH1(-40°C) - CH1 (+25°C)

0.50 | +CH1(+85°C)  +CH1(+125°C) —

1.00 = CHO (-40°C)
L + CHO (+25°C
0.75 + CHO f+ss°c;
0.50 | * CHO (+125°C)
& 0.25
-
T 0.00
o
5-0.25
-0.50
0.75
-1.00 ; ; :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-17: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
VDD =2.7V.

INL Error (Vpp= 1.8V, Vpge= Vpp, Unbuffered)
1.00 = CHO (-40°C)
0.75 | * CHO (+25°C)
+ CHo (+85°C)
0.50 | * CHO (+125°C)
& 0.25 -
| } it h
T 0.00 {§
o
& -0.25 -
-0.50 -
-0.75 -
-1.00 T T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-18: INL Errorvs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
VDD =1.8V.

0 1 0‘24 20‘48 30‘72 4096
DAC Code
FIGURE 2-20: INL Error vs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
VDD =2.7V.

INL Error (Vpp= 1.8V, Vgee= Vpp, Unbuffered)

1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | * CHO (+85°C) -+ CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) + CH1(+125°C)
& 0.25 -
|
< 0.00 {¥§
s
5 -0.25
-0.50 -
0.75 -
-1.00 ; ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-21: INL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 1.8V.
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223 DIFFERENTIAL NONLINEARITY (DNL) - MCP48CXB2X (12-BIT), Vrer = Vpp
(VRXB:VRXA =‘00’), GAIN = 1X, CODE 64 - 4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

DNL Error (Vpp= 5.5V, Vgee= Vpp, Unbuffered)
1.00 = CHO (-40°C)
0.80 + - CHo (+25°C)
|+ CHo (+85°C)
0.60 1 | cho (+125°C)
— 0.40
K-}
3 0.20
5 0.00
E-020
-0.40
-0.60
-0.80
-1.00 ‘ ‘ .
0 1024 2048 3072 4096
DAC Code
FIGURE 2-22: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 5.5V.

DNL Error (Vpp= 2.7V, Vree= Vpp, Unbuffered)
1.00 = CHO (-40°C)
0.80 + - CHo (+25°C)
o0 { e
= 0.40
9 0.20
% 0.00
£-0.20
-0.40
-0.60
-0.80
-1.00 ; ; :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-23: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 2.7V.

DNL Error (Vpp= 5.5V, Vree=Vpp, Unbuffered)
1.00 o5 (-40°C) - CHO (+25°C)
0.80 + . CHoO(+85°C) « CHO (+125°C)
0.60 | - CH1(-40°C) - CH1 (+25°C)
* +CH1 (+85°C)  + CH1 (+125°C)
—~ 0.40
<'% 0.20
= i TR
5 0.00 -
E -0.20
-0.40
-0.60
-0.80
-1.00 T T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-25: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 5.5V.

DNL Error (Vpp= 2.7V, Vgee= Vpp, Unbuffered)
1.00 = CHO (-40°C) + CHO (+25°C)
0.80 | . CHO(+85°C) =+ CHO(+125°C) ——|
0.60 | - CH1(-40°C) - CH1 (+25°C)
. +CH1 (+85°C)  « CH1 (+125°C)
— 0.40
K-
@ 0.20
E 0.00
E -0.20
-0.40
-0.60
-0.80
-1.00 T r T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-26: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 2.7V.

DNL Error (Vpp= 1.8V, Vgee=Vpp, Unbuffered)

DNL Error (VDD= 1.8V, Vgee= Vpp, Unbuffered)
1.00 555 (-40°C)
0.75 | * CHO (+25°C)
CHo (+85°C)
0.50 | * CHO (+125°C) 12
= 1
9 0.25 T,
T 0.00
e
1 -0.25
-0.50 -
-0.75
-1.00 . . -
0 1024 2048 3072 4096
DAC Code
FIGURE 2-24: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 1.8V.

1.00 = CHO (-40°C) + CHO (+25°C)
0.80 | . CHo(+85°C) - CHO (+125°C)
0.60 | ° CH1(-40°C) + CH1 (+25°C)
. +CH1 (+85°C)  + CH1 (+125°C) T
3 0.40 - g “'I"ii“.;..
? 0.20 i
% 000 |
£-020
-0.40 -
-0.60 -
-0.80 -
-1.00 ‘ ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-27: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 1.8V.

© 2019 Microchip Technology Inc.

DS20006160A-page 25




MCP48CXBXX

224 TOTAL UNADJUSTED ERROR (TUE) - MCP48CXB2X (12-BIT), EXTERNAL Vggg = 0.5 Vpp
(VRXB:VRXA = ‘10’), UNBUFFERED, CODE 64 - 4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

TUE (Vpp= 5.5V, Vgee= 2.75V, G= 2x)

5.00

0.00 -
-5.00 ;\

-10.00

Error (LSb)

* CHO (-40°C)

+CHO (+25°C)
CHO (+85°C)

+ CHO (+125°C)

0 1024 2048 3072 4096
DAC Code

-15.00 +

-20.00

FIGURE 2-28: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21),

VREF =0.5x VDD =2. 75\/, Gain = 2X.

TUE (Vpp= 5.5V, Vger= 2.75V, G= 2x)
5.00
0.00 -
)
3 =09 1 \
S
£ -10.00
w
= CHO (-40°C) + CHO (+25°C)
-16.00 + | cho (+85°C)  + CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
-20.00 + CH1(+85°C) - CH1 (+125°C) ‘
0 1024 2048 3072 4096
DAC Code
FIGURE 2-30: Total Unadjusted Error

(Vout) vs. DAC Code, and Temperature
(Dual-Channel - MCP48CXB22),
VREF =0.5x VDD =2. 75\/, Gain = 2X.

TUE (Vo= 2.7V, Vgee= 1.35V, G = 2x)

TUE (Vpp= 2.7V, Vgee= 1.35V, G= 2x)
5.00
0.00
o)
g -5.00 -
£ .10.00
w
= CHO (-40°C
-16.00 1 | cho E+25°c))
CHO (+85°C)
-20,00 +—CHO(+1257C) ‘ ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-29: Total Unadjusted Error

(Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21),
VREF =0.5x VDD = 135\/, Gain = 2X.

5.00
0.00 -
s
g -5.00 - =
£ 10.00 - \
w
= CHO (-40°C + CHO (+25°C;
-16.00 1 | cho §+ss°c)) + CHO §+125°c):)
CH1 (-40°C) + CH1 (+25°C)
-20.00 +CH1(+85°C) - CH1 (+125°C) ‘
0 1024 2048 3072 4096
DAC Code
FIGURE 2-31: Total Unadjusted Error

(Vour) vs. DAC Code and Temperature
(Dual-Channel - MCP48CXB22),
VREF =0.5x VDD = 735\/, Gain = 2X.
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225 INTEGRAL NONLINEARITY (INL) - MCP48CXB2X (12-BIT), EXTERNAL Vggr = 0.5 Vpp
(VRXB:VRXA =‘10"), UNBUFFERED, CODE 64 - 4032

Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

INL Error (Vpp= 5.5V, Viee= 2.75V, G= 2x)

1.00 = CHO (-40°C)
L + CHO (+25°C
0.75 CHo §+ss°c;
0.50 | * CHO (+125°C)
& 0.25
2
= 0.00 -
o
5-0.25
-0.50
0.75
-1.00 ‘ ; ‘
0 1024 2048 3072 4096
DAC Code
FIGURE 2-32: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
VREF =0.5x VDD =2. 75\/, Gain = 2X.

INL Error (Vpp= 2.7V, Vger= 1.35V, G= 2x)

1.00

INL Error (Vpp= 5.5V, Vgge= 2.75V, G= 2x)
1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | +CHO(+85°C) «CHO(+125°C) |
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) CH1(+125°C)
& 0.25 -
=}
+ 0.00 -
(]
5 -0.25
-0.50
-0.75
-1.00 T - -
0 1024 2048 3072 4096
DAC Code
FIGURE 2-34: INL Error vs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
VREF =0.5x VDD =2, 75\/, Gain = 2X.

INL Error (Vo= 2.7V, Viee= 1.35V, G= 2x)

= CHO (-40°C)
| + CHO (+25°C
0.75 . CHo §+ss°c;
0.50 | < CHO (+125°C)
& 0.25 1 !
= 0.00 | BRI
5 3
5 -0.25 |
-0.50 -
0.75 -
-1.00 ‘ ; :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-33: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
VREF =0.5x VDD = 735\/, Gain = 2X.

1.00 1— CHO (-40°C) - CHO (+25°C)
0.75 | - CHO (+85°C) =+ CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 1 + CH1(+85°C)  + CH1 (+125°C)
3 0.25
=}
= 0.00 -
(<]
5 -0.25
-0.50 -
0.75 -
-1.00 ; ‘ :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-35: INL Error vs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
VREF =0.5x VDD = 135\/, Gain = 2X.
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226 DIFFERENTIAL NONLINEARITY ERROR (DNL) - MCP48CXB2X (12-BIT), EXTERNAL
Vger = 0.5 Vpp (VRXB:VRXA = ‘10’), UNBUFFERED, CODE 64 - 4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

DNL Error (Vpp= 5.5V, Vee= 2.75V, G= 2x)

DNL Error (Vpp= 5.5V, Vier= 2.75V, G= 2x)

1.00 = CHO (-40°C)
0.75 |+ * CHO (+25°C)
CHO (+85°C)
0.50 | * CHO (+125°C)
& 0.25
| 2iael
< 0.00 -
S
5 -0.25
-0.50
0.75
-1.00 ‘ : ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-36: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 5.5V,
VREF =0.5x VDD =2.75V.

1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | * CHO (+85°C) -+ CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) + CH1(+125°C)
& 0.25
= . scafiangthagat
= 0.00 -
S
5025
-0.50
0.75
-1.00 : : ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-38: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 5.5V,
VREF =0.5x VDD =2.75V.

DNL Error (Vpp= 2.7V, Vger= 1.35V, G= 2x)

DNL Error (Vpp= 2.7V, Vgee= 1.35V, G= 2x)

1.00 = CHO (-40°C)
| + CHO (+25°C
0:75 . CHo §+ss°c;
0.50 | < CHO (+125°C)
& 0.25 { ..
=}
= 0.00 -
(<]
5 -0.25 |
-0.50 -
0.75 -
-1.00 ‘ ; :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-37: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 5.5V,
VREF =0.5x VDD =1.35V.

1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | * CHO (+85°C) = CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) + CH1 (+125°C)
& 0.25 -
=}
+ 0.00 -
(<]
& -0.25 -
-0.50 -
-0.75 -
-1.00 T - -
0 1024 2048 3072 4096
DAC Code
FIGURE 2-39: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 5.5V,
VREF =0.5x VDD =1.35V.
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227 TOTAL UNADJUSTED ERROR (TUE) - MCP48CXB2X (12-BIT), Vrgr = INTERNAL BAND
GAP (VRXB:VRXA =‘01"), CODE 64 - 4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

TUE (Vpp= 5.5V, G= 1x) TUE (Vpp= 5.5V, G= 1x)
16 = CHO (-40°C) 16 = CHO (-40°C) + CHO (+25°C)
12 | ~ CHo (+25°C) 42 | < CHO(+85°C) ~CHO(+125°C) |
CHOo (+85°C) CH1 (-40°C) + CH1 (+25°C)
8 | + CHo (+125°C) 8 | +CH1(+85°C)  « CH1 (+125°C)
S 7"W T o
I D — 2
o4 i 54
8 = 8
12 -12
-16 : ; ‘ -16 : . ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-40: Total Unadjusted Error FIGURE 2-43: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature (Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 5.5V, (Dual-Channel - MCP48CXB22), Vpp = 5.5V,
Gain = 1X. Gain = 1X.
TUE (Vpp= 5.5V, G= 2x) TUE (Vpp= 5.5V, G= 2x)
16 — CHO (-40°C) 16 — CHO (-40°C) + CHO (+25°C)
12 | « CHo (+25°C) 12 | <CHo(+85°C) +CHO(+125°C) |
CHo (+85°C) CH1 (-40°C) + CH1 (+25°C)
8 | - CHo (+125°C) 8 1 +CH1(+85°C) «CHi(+125°C) — |
s 4 = 5 4 e
£ 0 Tesorrrr T — e 3 0 T RO . B |
e — g —
o o4 —— 54 —
-8 -8
-12 -12
-16 T T T -16 T T T
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-41: Total Unadjusted Error FIGURE 2-44: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature (Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 5.5V, (Dual-Channel - MCP48CXB22), Vpp = 5.5V,
Gain = 2X. Gain = 2X.
TUE (Vpp= 2.7V, G= 1x) TUE (Vpp= 2.7V, G= 1x)
16— CHO (-40°C) 18— CHO (-40°C) + CHo (+25°C)
12 | + CHo (+25°C) 42 | - CHO(+85°C) = CHO (+125°C)
CHOo (+85°C) CH1 (-40°C) + CH1 (+25°C)
8 | + CHo (+125°C) 8 | +CH1(+85°C)  « CH1 (+125°C)
~ 04 T 04—
o o
5 4 5 4 N
-8 - -8 - - .
12 -12
-16 : . ‘ -16 : . ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-42: Total Unadjusted Error FIGURE 2-45: Total Unadjusted Error
(Vour) vs. DAC Code and Temperature (Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 2.7V, (Dual-Channel - MCP48CXB22), Vpp = 2.7V,
Gain = 1X. Gain = 1X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.
TUE (Vpo= 2.7V, G= 2x) TUE (Vpp= 2.7V, G= 2x)
16 = CHO (-40°C) 16 = CHO (-40°C) + CHO (+25°C)
12 1 + CHO (+25°C) 12 | + CHO(+85°C)  + CHO (+125°C)
CHO (+85°C) CH1 (-40°C) + CH1 (+25°C)
8 | - CHo (+125°C) 8 | +CH1(+85°C)  + CH1 (+125°C)
B 4 @ 41
| DoAY |
= 0 T 0 ‘__M
] < »
w 4 R Ry
-8 - -8 - —~ow
A2 | A2 -
-16 . ‘ . -16 . ; ;
1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-46: Total Unadjusted Error FIGURE 2-49: Total Unadjusted Error

(Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 2.7V,
Gain = 2X.

(Vour) vs. DAC Code and Temperature
(Dual-Channel - MCP48CXB22), Vpp = 2.7V,
Gain = 2X.

TUE (Vpp= 1.8V, G= 1x) TUE (Vpp= 1.8V, G= 1x)
16 = CHO (-40°C) 16 = CHO (-40°C) + CHO (+25°C)
12 | +CHoO (+25°C) 42 | + CHO (+85°C) = CHO (+125°C)
CHo (+85°C) CH1 (-40°C) + CH1 (+25°C)
8 | + CHO (+125°C) 8 | +CH1(+85°C) « CH1 (+125°C)
B 4 B 4
- -
T o T o
g g
w4 5 o4
-8 4 -8 |
-12 -12
-16 T T T -16 T T T
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-47: Total Unadjusted Error FIGURE 2-50: Total Unadjusted Error

(Vour) vs. DAC Code and Temperature
(Single-Channel - MCP48CXB21), Vpp = 1.8V,
Gain = 1X.

(Vour) vs. DAC Code and Temperature
(Dual-Channel - MCP48CXB22), Vpp = 1.8V,
Gain = 1X.

TUE (+25°C, G= 1x) TUE (+25°C, G= 2x)
16 = CHo0, 1.8V + CH1, 1.8V 16 - 8:413, ;;x
12 CHo, 2.7V « CH1, 27V 12 4 CHo, 5.5V
8 CHo, 5.5V +CH1, 5.5V 8 1 « CH1, 5.5V
0 4 2 4
i | | L rnannagil
T 0 . T o M
2 M 3
Ih -4 - e —— Ih -4
8 — -8
12 12
-16 . . ‘ -16 . . ‘
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-48: Total Unadjusted Error FIGURE 2-51: Total Unadjusted Error

(Vour) vs. DAC Code, +25°C, Gain = 1X.

(Vour) vs. DAC Code, +25°C, Gain = 2X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

TUE (+25°C)

16 « CHO, 1.8V, G=1x < CH1, 1.8V, G=1x
12 | CHO, 2.7V, G=1x + CH1, 2.7V, G=1x
CHO, 5.5V, G=1x - CH1, 5.5V, G=1x
| +CHo, 2.7V, G=2x + CH1, 2.7V, G=2x

= CHO, 5.5V, G=2x CH1, 5.5V,

Error (LSb)
o A O » @

0 1024 2048 3072 4096
DAC Code

FIGURE 2-52: Total Unadjusted Error
(Vour) vs. DAC Code, +25°C, Gain = 1X and 2X.
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2.2.8 INTEGRAL NONLINEARITY ERROR (INL) - MCP48CXB2X (12-BIT), Vrer = INTERNAL
BAND GAP (VRXB:VRXA =‘01"), CODE 64-4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

INL Error (Vpp= 5.5V, G= 1x)

= CHO (-40°C)
0.75 |+ * CHO (+25°C)
+ CHo (+85°C)
0.50 | * CHO (+125°C)
& 0.25 -
-l
< 0.00 -
S
5 -0.25 |
-0.50
0.75
-1.00 ‘ ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-53: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
Vpp = 5.5V, Gain = 1X.

INL Error (Vpp= 5.5V, G= 2x)

1.00 = CHO (-40°C)
L + CHO (+25°C
0.75 + CHO f+ss°c;
0.50 | * CHO (+125°C)
& 0.25 -
-
< 0.00 -
o
5 -0.25 |
-0.50
0.75
-1.00 . . :
0 1024 2048 3072 4096
DAC Code
FIGURE 2-54: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
Vpp = 5.5V, Gain = 2X.

INL Error (Vo= 2.7V, G= 1x)
1.00 = CHO (-40°C)
0.75 | * CHO (+25°C)
+ CHo (+85°C)
0.50 | * CHO (+125°C)
& 0251 R
-l
< 0.00 -
S
5 -0.25 |
-0.50 -
0.75 -
-1.00 : ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-55: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
Vpp = 2.7V, Gain = 1X.

INL Error (Vpp= 5.5V, G= 1x)
1.00 T . CHo(-40°C) - CHO (+25°C)
- CHO (+85°C) = CHO (+125°C)
0.75 + . CH1(-40°C) - CH1 (+25°C)
0.50 |+ CH1(+85°C) - CH (+125°C)
& 0.25 -
|
= 0.00 -
(3
5 -0.25 -
-0.50
-0.75
-1.00 T T -
0 1024 2048 3072 4096
DAC Code
FIGURE 2-56: INL Errorvs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
Vpp = 5.5V, Gain = 1X.

INL Error (Vpp= 5.5V, G= 2x)
1.00 — CHO (-40°C)  + CHO (+25°C)
0.75 | * CHO (+85°C)  + CHO (+125°C)
CH1(-40°C) - CH1 (+25°C)
0.50 | +CH1(+85°C) « CH1 (+125°C)
& 0.25 -
=}
= 0.00
(]
5 -0.25 -
-0.50
0.75
-1.00 ‘ . ‘
0 1024 2048 3072 4096
DAC Code
FIGURE 2-57: INL Error vs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
Vpp = 5.5V, Gain = 2X.

INL Error (Vo= 2.7V, G= 1x)
1.00 — CHO (-40°C) - CHO (+25°C)
0.75 | - CHO (+85°C)  + CHO (+125°C)
CH1 (-40°C) - CH1 (+25°C)
0.50 | +CH1(+85°C) +CH1 (+125°C) ..y
8 0.25 - !
|
< 0.00 |
s
5 -0.25
-0.50 -
0.75 -
-1.00 ; ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-58: INL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 2.7V, Gain = 1X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

INL Error (Vpp= 2.7V, G= 2x)

INL Error (Vpp= 2.7V, G= 2x)

1.00 T . CHo (40°C) - CHO (+25°C)
0.75 | * CHO(+85°C) - CHO (+125°C)
- CH1(-40°C)  + CH1 (+25°C)
+ CH1 (+85°C) =+ CH1 (+125°C)

0 1024 2048 3072 4096
DAC Code

1.00 = CHO (-40°C)
0.75 | * CHO (+25°C)
+ CHo (+85°C)
0.50 | * CHO (+125°C)
& 0.25 -
2
= 0.00 -
S
5 -0.25 |
-0.50 -
0.75 -
-1.00 ; : ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-59: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
Vpp = 2.7V, Gain = 2X.

INL Error (Vpp= 1.8V, G= 1x)

100 — CHO (-40°C)
0.75 | * CHO (+25°C)
+ CHO (+85°C)
0.50 | * CHO (+125°C)
& 0.25
2
+ 0.00
[
5 -0.25
-0.50
-0.75 -
-1.00 T T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-60: INL Error vs. DAC Code and

Temperature (Single-Channel - MCP48CXB21),
Vpp = 1.8V, Gain = 1X.

INL Error (+25°C, G=1x)

= CHo, 1.8V +CH1,1.8V
0.75 + . CcHo,2.7v «CH1,2.7V
CHOo, 5.5V +CH1, 5.5V

0 10‘24 20‘48 30‘72 4096
DAC Code
FIGURE 2-61: INL Error vs. DAC Code,

+25°C, Gain = 1X.

FIGURE 2-62: INL Errorvs. DAC Code and
Temperature (Dual-Channel - MCP48CXB22),
Vpp = 2.7V, Gain = 2X.

INL Error (Vpp= 1.8V, G= 1x)
100 — CHO (-40°C) - CHO (+25°C)
0.75 | * CHO(+85°C)  « CHO (+125°C)
CH1(-40°C)  + CH1 (+25°C)
0.50 | +CH1(+85°C) - CH1 (+125°C)
& 0.25 - H
|
T 0.00 -
<
1 -0.25 -
-0.50 -
-0.75 -
-1.00 . T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-63: INL Errorvs. DAC Code and

Temperature (Dual-Channel - MCP48CXB22),
Vpp = 1.8V, Gain = 1X.

INL Error (+25°C, G=2x)

1.00 = CHO, 2.7V
0.75 + *+CH1,27v
+ CHo, 5.5V .
0.50 + =+ CH1,5.5V .
& 0.25 -
=
+ 0.00 -
1 025
-0.50
-0.75
-1.00 T . T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-64: INL Error vs. DAC Code,

+25°C, Gain = 2X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

INL Error (+25°C)

1.25 T . CHo, 1.8V, G=1x + CH1, 1.8V, G=1x

1.00 4 - CHo, 2.7V, G=1x + CH1,2.7V, G=1x

075 | - CHO,55V,G=1x + CH1, 5.5V, G=1x

. + CHO, 2.7V, G=2x + CH1, 2.7V, G=2x

— 0.50 i
2 .
@ 0.25 | ‘ i
= 0.00 | ok A
2 .0.25 | i e
“ .0.50 - W W ’

-0.75

-1.00

-1.25 T T -

0 1024 2048 3072 4096
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FIGURE 2-65: INL Error vs. DAC Code,
+25°C, Gain = 1X and 2X.
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229 DIFFERENTIAL NONLINEARITY ERROR (DNL) - MCP48CXB2X (12-BIT), VRgr = INTERNAL
BAND GAP (VRXB:VRXA =‘01"), CODE 64-4032

Note:  Unless otherwise indicated, Tp = +25°C, Vpp = 5.5V.

DNL Error (Vpp= 5.5V, G= 1x)

1.00 5 (-40°C)
0.75 |+ * CHO (+25°C)
. CHO (+85°C)

0.50 | + CHo (+125°C)

337 47

0 1 d24 20‘48 30‘72 4096
DAC Code
FIGURE 2-66: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 5.5V, Gain = 1X.

DNL Error (Vpp= 5.5V, G= 2x)

= CHO (-40°C)
|+ CHo (+25°C)

0:75 + CHo (+85°C)

0.50 | * CHO (+125°C)

0 10I24 2648 3672 4096
DAC Code
FIGURE 2-67: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 5.5V, Gain = 2X.

DNL Error (Vo= 2.7V, G= 1x)
1.00 = CHO (-40°C)
0.75 | * CHO (+25°C)
. CHO (+85°C)
0.50 | * CHO (+125°C)
& 0.25
-l
< 0.00 -
S
5 -0.25 |
-0.50 -
0.75 -
-1.00 : ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-68: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 2.7V, Gain = 1X.

DNL Error (Vpp= 5.5V, G= 1x)

+CHO (-40°C) - CHO (+25°C)
0.75 | * CHO (+85°C) - CHO (+125°C)
CH1 (-40°C) - CH1 (+25°C)
0.50 | + CH1(+85°C) =« CH1 (+125°C) —

Error (LSb)

0 1 d24 20‘48 30‘72 4096
DAC Code
FIGURE 2-69: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 5.5V, Gain = 1X.

DNL Error (Vpp= 5.5V, G= 2x)
1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | * CHO (+85°C) -+ CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) -+ CH1(+125°C)
& 0.25 |+
] R
= 0.00 -
(]
L -0.25
-0.50
0.75
-1.00 ‘ » ‘
0 1024 2048 3072 4096
DAC Code
FIGURE 2-70: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 5.5V, Gain = 2X.

DNL Error (Vo= 2.7V, G= 1x)
1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | * CHO (+85°C) -+ CHO (+125°C)
CH1 (-40°C) + CH1 (+25°C)
0.50 | +CH1(+85°C) =« CH1 (+125°C)
& 0.25 |+
|
< 0.00 |
o gt
5 -0.25
-0.50 -
0.75 -
-1.00 ; ; ;
0 1024 2048 3072 4096
DAC Code
FIGURE 2-71: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 2.7V, Gain = 1X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

DNL Error (Vpp= 2.7V, G= 2x) DNL Error (Vo= 2.7V, G= 2x)
1.00 = CHO (-40°C) 1.00 = CHO (-40°C) + CHO (+25°C)
0.75 | ~+ CHO (+25°C) 0.75 | * CHO (+85°C) -+ CHO (+125°C)
+ CHo (+85°C) CH1 (-40°C) + CH1 (+25°C)
0.50 | * CHO (+125°C) 0.50 | +CH1(+85°C) =« CH1 (+125°C)
& 0.25 & 0.25
-l |
< 0.00 < 0.00
S s
5-0.25 5025
-0.50 - -0.50 -
0.75 - -0.75 -
-1.00 . ‘ ‘ -1.00 ; ; ;
0 1024 2048 3072 4096 0 1024 2048 3072 4096
DAC Code DAC Code
FIGURE 2-72: DNL Error vs. DAC Code FIGURE 2-75: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 2.7V, Gain = 2X.

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 2.7V, Gain = 2X.

DNL Error (Vpp= 1.8V, G= 1x)

1.00 =g (-40°C)  + CHO (+25°C)

0.75 | - CHO(+85°C)  « CHO (+125°C)
CH1(-40°C) -+ CH1 (+25°C)

0.50 | +CH1(+85°C) =« CH1 (+125°C)

DNL Error (Vpp= 1.8V, G= 1x)
1.00 = CHO (-40°C)
0.75 | * CHO (+25°C)
+ CHO (+85°C)
0.50 | * CHO (+125°C)
= 3
9 0.25 ?;! realali s
= 0.00
g
] -0.25
-0.50
-0.75
-1.00 T T T
0 1024 2048 3072 4096
DAC Code
FIGURE 2-73: DNL Error vs. DAC Code

and Temperature (Single-Channel -
MCP48CXB21), Vpp = 1.8V, Gain = 1X.

DNL Error (+25°C, G= 1x)

= CHo, 1.8V +CH1,1.8V
0.75 + . CcHo,2.7v «CH1,2.7V
0.50 | CHOo, 5.5V +CH1, 5.5V

0 10‘24 20‘48 30‘72 4096
DAC Code
FIGURE 2-76: DNL Error vs. DAC Code

and Temperature (Dual-Channel -
MCP48CXB22), Vpp = 1.8V, Gain = 1X.

DNL Error (+25°C, G= 2x)

= CHO, 2.7V
0.75 + *+CH1,27v
. CHo, 5.5V
0.50 - +CH1,55V

0 10‘24 20‘48 30‘72 4096
DAC Code
FIGURE 2-74: DNL Error vs. DAC Code,

+25°C, Gain = 1X.

0 10‘24 20‘48 30‘72 4096
DAC Code
FIGURE 2-77: DNL Error vs. DAC Code,

+25°C, Gain = 2X.
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Note:  Unless otherwise indicated, Ty = +25°C, Vpp = 5.5V.

DNL Error (+25°C)
1.00 + CHO, 1.8V, G=1x ~CH1, 1.8V, G=1x
0.75 | *CHO,2.7V, G=1x + CH1,2.7V, G=1x
CHO, 5.5V, G=1x - CH1, 5.5V, G=1x
0.50 | +CHO,2.7V, G=2x +CH1,27V,G=2x |
= = CHO, 5.5V, G=2x CH1, 5.5V, G=2x_ r 0
0.25 - T, S oy
3 . ETIC R TR TS WW Ry Ak
= 0.00 . i
° L BEPNAY R VAL O R =
5 -0.25 Cl i : %&gﬂ&&#
-0.50
-0.75
-1.00 T T r
0 1024 2048 3072 4096
DAC Code
FIGURE 2-78: DNL Error vs. DAC Code,

+25°C, Gain = 1X and 2X.
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NOTES:
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3.0 PIN DESCRIPTIONS

Overviews of the pin functions are provided from
Section 3.1 to Section 3.10.

The descriptions of the pins for the single-DAC output
device are listed in Table 3-1, and descriptions for the
dual-DAC output device are listed in Table 3-2.

TABLE 3-1: MCP48CXBX1 (SINGLE-DAC) PIN FUNCTION TABLE

Pin
Buffer e
MSOP | DFN QFN Symbol 1/0 Type Description
10L 10L 16L
1 1 16 Vpp — P Supply Voltage
2 2 1 [ [ ST | SPI Chip Select
3 3 2 VREF A | Analog |Voltage Reference Input/Output
4 4 3 Vout A | Analog |Buffered Analog Voltage Output
5 5 4,5,6,7, NC — — Not Internally Connected
8,14,15
6 6 9 LAT/HVC ST | DAC Wiper Register Latch/High-Voltage Command Pin
The Latch Pin allows the value in the volatile DAC registers
(wiper and configuration bits) to be transferred to the DAC
OUtpUt (VOUT)'
High-Voltage commands allow the User MTP configuration
bits to be written.
10 Vss — P Ground Reference for all circuitries on the device
8 8 11 SDO o] ST SPI Serial Data Output
9 9 12 SCK I ST SPI Serial Clock
10 10 13 SDI I ST SPI Serial Data Input
— — 17 EP — P Exposed Thermal Pad, must be connected to Vgg

Note 1: A = Analog, | = Input, ST = Schmitt Trigger, O = Output, I/O = Input/Output, P = Power
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TABLE 3-2: MCP48CXBX2 (DUAL-DAC) PIN FUNCTION TABLE
Pin
MSOP | DFN QFN Symbol /10 B.rl;fpf(:r Description
10L 10L 16L
1 1 16 Vbp — P Supply Voltage
2 2 1 [ I ST | SPI Chip Select
3 3 — VREF A | Analog |Voltage Reference Input/Output
— — 2 VREFO A | Analog |Voltage Reference Input/Output for DACO
— — 4 VREF1 A | Analog | Voltage Reference Input/Output for DAC1
4 4 3 VouTo A | Analog |Buffered Analog Voltage Output 0
5 5 VouT1 A | Analog |Buffered Analog Voltage Output 1
— — | 6,7,14, NC — — Not Internally Connected
15
6 6 — | LAT/HVC ST | DAC Wiper Register Latch/High-Voltage Command Pin.
The Latch Pin allows the value in the volatile DAC registers
(wiper and configuration bits) to be transferred to the DAC
OUtpUt (VOUT)'
High-Voltage commands allow the User MTP configuration
bits to be written.
— — 9 LATO/HVC I ST DACO Wiper Register Latch/High-Voltage Command Pin.
The Latch Pin allows the value in the volatile DACO registers
(wiper and configuration bits) to be transferred to the DACO
output (Voyro)-
High-Voltage commands allow the User MTP configuration
bits to be written.
— — 8 LAT1 | ST DAC1 Wiper Register Latch.
The Latch Pin allows the value in the volatile DAC1 registers
(wiper and configuration bits) to be transferred to the DAC1
output (Voyr1)-
10 Vss — P Ground Reference for all circuitries on the device
8 11 SDO (0] ST SPI Serial Data Output
9 9 12 SCK | ST SPI Serial Clock
10 10 13 SDI | ST | SPI Serial Data Input
— — 17 EP — P Exposed Thermal Pad, must be connected to Vgg
Note 1: A = Analog, | = Input, ST = Schmitt Trigger, O = Output, I/O = Input/Output, P = Power
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3.1 Positive Power Supply Input (Vpp)

Vpp is the positive supply voltage input pin. The input
supply voltage is relative to Vgg.

The power supply at the Vpp pin should be as clean as
possible for good DAC performance. It is
recommended to use an appropriate bypass capacitor
of about 0.1 yF (ceramic) to ground as close as
possible to the pin. An additional 10 pF capacitor
(tantalum) in parallel is also recommended to further
attenuate noise present in application boards.

3.2  Ground (Vgg)

The Vgg pin is the device ground reference.

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 PCB (Printed
Circuit Board), 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.

3.3  Voltage Reference Pin (V)

The Vggr pin is either an input or an output. When the
DAC'’s voltage reference is configured as the Vggg pin,
the pin is an input. When the DAC’s voltage reference is
configured as the internal band gap, the pinis an output.

When the DAC'’s voltage reference is configured as the
Vger pin, there are two options for this voltage input:
Vger pin voltage is buffered or unbuffered. The
buffered option is offered in cases where the external
reference voltage does not have sufficient current
capability to not drop its voltage when connected to the
internal resistor ladder circuit.

When the DAC'’s voltage reference is configured as the
device Vpp, the Vrgr pin is disconnected from the
internal circuit.

When the DAC'’s voltage reference is configured as the
internal band gap, the Vrgg pin’s drive capability is
minimal, so the output signal should be buffered.

See Section 5.2 “Voltage Reference Selection” and
Register 4-2 for more details on the configuration bits.

3.4 No Connect (NC)

The NC pin is not internally connected to the device.

3.5 Analog Output Voltage Pins
(Vouro, Vout1)

VouTto and Voyt1 are the DAC analog voltage output
pins. Each DAC output has an output amplifier. The DAC
output range depends on the selection of the voltage
reference source (and potential Output Gain selection).
These are:

* Device Vpp - The full-scale range of the DAC
output is from Vgg to approximately Vpp.

* VRer pin - The full-scale range of the DAC output
is from Vgg to G x Vg, where G is the gain
selection option (1X or 2X).

* Internal Band Gap - The full-scale range of the
DAC output is from Vgg to G X Vg, where G is
the gain selection option (1X or 2X).

In Normal mode, the DC impedance of the output pin is
about 1Q. In Power-Down mode, the output pin is
internally connected to a known pull-down resistor of
1 kQ, 100 kO, or open. The Power-Down selection bits
settings are shown in Register 4-3 (Table 5-5).

3.6 Latch/High-Voltage Command Pin
(LAT/HVC)

The DAC output value update event can be controlled
and synchronized using the LAT pin, for one or both
channels, on a single or different devices.

The LAT pin controls the effect of the volatile wiper
registers, VRxB:VRxA, PDxB:PDxA and Gx bits on the
DAC output.

If the LAT pin is held at V, the values sent to the
volatile wiper registers and configuration bits have no
effect on the DAC outputs.

Once voltage on the pin transitions to V|, the values in
the volatile wiper registers and configuration bits are
transferred to the DAC outputs.

The pin is level-sensitive, so writing to the volatile wiper
registers and configuration bits, while it is being held at
VL, will trigger an immediate change in the outputs.

For dual output devices in MSOP and DFN packages,
the LAT pin controls both channels at the same time.

The HVC pin allows the device’s MTP memory to be
programmed for the MCP48CMBXX devices. The
programming voltage supply should provide 7.5V and
at least 6.4 mA.

Note: The HVC pin should have voltages
greater than 5.5V present only during the
MTP programming operation. Using
voltages greater than 5.5V for an
extended time on the pin may cause

device reliability issues.
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3.7  SPI - Chip Select Pin (CS)

The CS pin enables/disables the serial interface (SDI,
SDO, and SCK). The serial interface must be enabled
for the device to receive any serial commands.

Refer to Section 6.4 “Interface Pins (CS, SCK, SDI,
SDO, and LAT/HVC)” for more details regarding the
SPI serial interface communication.

3.8 SPI - Serial Clock Pin (SCK)

The SCK pin is the serial clock pin of the SPI interface.
The MCP48CXBXX SPI Interface only accepts external
serial clocks.

3.9 SPI - Serial Data In Pin (SDI)

The SDI pin is the serial data input pin of the SPI
interface. The SDI pin is used to write the DAC wiper
registers and configuration bits.

3.10 SPI - Serial Data Out Pin (SDO)

The SDO pin is the serial data output pin of the SPI
interface. The SDO pin is used to read the DAC wiper
registers and configuration bits.

DS20006160A-page 42
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4.0 GENERAL DESCRIPTION

The MCP48CXBX1 devices are single-channel voltage
output devices.

The MCP48CXBX2 devices are dual-channel voltage
output devices.

These devices are offered with 8-bit (MCP48CXBO0X),
10-bit (MCP48CXB1X) and 12-bit (MCP48CXB2X)
resolutions.

The family offers two memory options: the
MCP48CVBXX devices have a volatile memory, while
the MCP48CMBXX have a 32-times programmable
nonvolatile memory (MTP).

All devices include an SPI serial interface and a write
latch (LAT) pin to control the update of the analog
output voltage value from the value written in the
volatile DAC output register.

The devices use a resistor ladder architecture. The
resistor ladder DAC is driven from a
software-selectable voltage reference source. The
source can be either the device’s internal Vpp, an
external Vggp pin voltage (buffered or unbuffered) or
an internal band gap voltage source.

The DAC output is buffered with a low power and
precision output amplifier. This output amplifier
provides a rail-to-rail output with low offset voltage and
low noise. The gain (1X or 2X) of the output buffer is
software configurable.

The devices operate from a single supply voltage. This
voltage is specified from 2.7V to 5.5V for full specified
operation, and from 1.8V to 5.5V for digital operation.
The device operates between 1.8V and 2.7V, but
some device parameters are not specified.

The MCP48CMBXX devices also have
user-programmable nonvolatile configuration memory
(MTP). This allows the device’s desired POR values to
be saved. The device also has general purpose MTP
memory locations for storing system specific
information (calibration data, serial numbers, system
ID information). A high-voltage requirement for
programming the nonvolatile locations on the HVC pin
ensures that these device settings are not accidentally
modified during normal system operation. Therefore, it
is recommended that the MTP memory should be only
programmed at the user’s factory.

The main functional blocks are:

* Power-on Reset/Brown-out Reset (POR/BOR)
* Device Memory

* Resistor Ladder

e Output Buffer/Vgoyt Operation

* SPI Serial Interface Module

4.1 Power-on Reset/Brown-out Reset
(POR/BOR)

The internal Power-on Reset (POR)/Brown-out Reset
(BOR) circuit monitors the power supply voltage (Vpp)
during operation. This circuit ensures correct device
start-up at system power-up and power-down events.

The device’s RAM retention voltage (Vram) is lower
than the POR/BOR voltage trip point (Vpor/VBoR)-
The maximum Vpgr/VgoRr voltage is less than 1.8V.

The POR and BOR trip points are at the same voltage,
and the condition is determined by whether the Vpp
voltage is rising or falling (see Figure 4-1). What occurs
is different depending on whether the reset is a POR or
BOR reset.

POR occurs as the voltage rises (typically from 0V),
while BOR occurs as the voltage falls (typically from
VDD(N“N) or hlgher)

When  Vpor/Veor < Vpp <2.7V, the electrical
performance may not meet the data sheet
specifications. In this region, the device is capable of
reading and writing to its volatile memory if the proper
serial command is executed.

4.1.1 POWER-ON RESET

The Power-on Reset is the case where the device’s
Vpp has power applied to it from the Vgg voltage level.
As the device powers-up, the Voyt pin floats to an
unknown value. When the device’s Vpp is above the
transistor threshold voltage of the device, the output
starts to be pulled low.

After the Vpp is above the POR/BOR trip point
(Veor/VpoR), the resistor network’s wiper is loaded
with the POR value. The POR value is either mid-scale
(MCP48CVBXX) or the user’s MTP programmed value
(MCP48CMBXX).

Note: In order to have the MCP48CMBXX
devices load the values from nonvolatile
memory locations at POR, they have to be
programmed at least once by the user;
otherwise, the loaded values will be the
default ones. After MTP programming, a
POR event is required to load the written
values from the nonvolatile memory.

Volatile memory determines the analog output (Voyur)
pin voltage. After the device is powered-up, the user
can update the device memory.

© 2019 Microchip Technology Inc.
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When the rising Vpp voltage crosses the Vppg trip
point, the following occurs:

The default DAC POR value is latched into the
volatile DAC register.

The default DAC POR Configuration bit values
are latched into the volatile configuration bits.
POR Status bit is set (‘1).

The Reset Delay Timer (tporp) starts; when the
reset delay timer (tporp) times out, the SPI serial
interface is operational. During this delay time, the
SPI interface will not accept commands.

The Device Memory Address pointer is forced to
00h.

The analog output (Voyt) state is determined by the
state of the volatile configuration bits and the DAC
register. This is called a Power-on Reset (event).

Figure 4-1 illustrates the conditions for power-up and
power-down events under typical conditions.

POR starts Reset Delay Timer.
When timer times out, the SPI interface
can Operate (If VDD > VDD(N“N))

Volatile memory

v

N
L

Default
latched into volatile configuration
bits and DAC register.

POR status bit is set (‘1)

retains data value . / volatile VRxB:VRXA = 00
POR reset " volatile Gx = 0
forced active |[¢ ¥ ' PORD20D volatile PDxB:PDxA = 11

—

Device configuration

Case 1: Vpp Ramp

BOR reset,
volatile DAC register = 000h

§§
N

7

Vbp(MmIN)
\ \

/

Volatile memory

Vpor \q

Vram

becomes corrupted

4

VBoOR

Device in unknown Device
state in POR
state
Volatile memory Device in

retains data value known state

POR Event ‘[

Normal Operation

Device in | Device in

Below min. |Power-D |unknown
operating own state | state
voltage

\ .

Case 2: Vpp Step

TrorD20D

Vbp(MmIN) \

Volatile memory
becomes corrupted

A

VBor

Vpor
VraM |

W

— >
ina i Normal Operation Device in .
Device in unknown p Below min. Power-D Dellllce in
state ti unknown
operating own state |giate
voltage
FIGURE 4-1: Power-on Reset Operation.
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41.2 BROWN-OUT RESET

A Brown-out Reset occurs when a device had power
applied to it and that power (voltage) drops below the
specified range.

When the falling Vpp voltage crosses the Vpor trip
point (BOR event), the following occurs:

» Serial Interface is disabled.

« MTP Writes are disabled.

« Device is forced into a Power-Down state
(PDxB:PDxA = ‘11’). Analog circuitry is turned off.

» Volatile DAC register is forced to 000h.

Volatile configuration bits VRxB:VRxA and GX are
forced to ‘0.

If the Vpp voltage decreases below the Vgay voltage,
all volatile memory may become corrupted.

As the voltage recovers above the Vpor/Vgog Voltage,
see Section 4.1.1 “Power-on Reset” for further
details.

Serial commands not completed due to a brown-out
condition may cause the memory location to become
corrupted.

Figure 4-1 illustrates the conditions for power-up and
power-down events under typical conditions.

4.2 Device Memory

User memory includes the following types:

¢ Volatile Register Memory (RAM)
* Nonvolatile Register Memory (MTP)

MTP memory is present just for the MCP48CMBXX
devices and has three groupings:

* NV DAC Output Values (loaded on POR event)

» Device Configuration Memory

» General Purpose NV Memory

Each memory location is up to 16 bits wide. The
memory mapped register space is shown in Table 4-1.

The SPI interface depends on how this memory is read
and written. Refer to Section 6.0 “SPI Serial Interface
Module” and Section 7.0 “Device Commands” for
more details on reading and writing the device’s
memory.

421 VOLATILE REGISTER MEMORY
(RAM)

The MCP48CXBXX devices have volatile memory to

directly control the operation of the DACs. There are

up to five volatile memory locations:

* DACO and DAC1 Output Value registers

* VRer Select register

» Power-Down Configuration register

» Gain and Status register

The volatile memory starts functioning when the
device Vpp is at (or above) the RAM retention voltage
(Vram)- The volatile memory will be loaded with the
default device values when the Vpp rises across the
Vpor/VBoR Voltage trip point.

After the device is powered-up, the user can update
the device memory. Table 4-2 shows the volatile
memory locations and their interaction due to a POR
event.

422  NONVOLATILE REGISTER
MEMORY (MTP)

This memory option is available only for the
MCP48CMBXX devices.

MTP memory starts functioning below the device’s
Vpor/Vgor trip point and, once the Vppgr event
occurs, the volatile memory registers are loaded with
the corresponding MTP register memory values.

Memory addresses 0Ch through 1Fh are nonvolatile
memory locations. These locations contain the DAC
POR/BOR Wiper values, the DAC POR/BOR
configuration bits and 8 general purpose memory
locations for storing user-defined data as calibration
constants or identification numbers.

The nonvolatile wiper registers and configuration bits
determine the DAC Output and Configuration values at
the POR event.

These nonvolatile values will overwrite the factory
default values. If these MTP addresses are
unprogrammed, the factory default values define the
output state.

The nonvolatile DAC registers enable the standalone
operation of the device (without microcontroller
control), after being programmed to the desired
values.

To program nonvolatile _memory locations, a
high-voltage source on the LAT/HVC pin is required.
Each register/MTP location can be programmed 32
times. After 32 writes, a new write operation will not be
possible and the last successful value written will
remain associated with the memory location.

The device starts writing the MTP memory cells at the
completion of the serial interface command. The high
voltage should remain present on the LAT/HVC pin
until the write cycle is complete; otherwise, the write is
unsuccessful and the location is compromised (cannot
be used again and the number of available writes
decreases by one).

To recover from an aborted MTP write operation, the
following procedure must be used:

» Write any valid value to the same address again

» Force a POR condition

* Write the desired value to the MTP location again

© 2019 Microchip Technology Inc.
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It is recommended to keep high voltage on only during
the MTP Write command and programming cycle;
otherwise, the reliability of the device could be
affected.

423 UNIMPLEMENTED LOCATIONS

4231

When issuing Read commands to a valid memory
location with unimplemented bits, the unimplemented
bits will be read as ‘0’.

Unimplemented Register Bits

424 UNIMPLEMENTED (RESERVED)

LOCATIONS

There are a number of unimplemented memory
locations that are reserved for future use. Normal
(Voltage) commands (Read or Write) to any
unimplemented memory address will result in a
Command Error condition (SPI Command Error -

CMDERR). High-Voltage commands to any
unimplemented configuration bit(s) will also result in a
Command Error condition.

4.25 POR/BOR OPERATION WITH
WIPERLOCK TECHNOLOGY

ENABLED

Regardless of the WiperLock Technology state, a POR
event will load the Volatile DACx Wiper register value
with the Nonvolatile DACx Wiper register value. Refer
to Section 4.1 “Power-on Reset/Brown-out Reset
(POR/BOR)” for further information.

TABLE 4-1: MCP48CXBXX MEMORY MAP (16-BIT)
§ 2 § Ecu <
5 |Function E,, = 5 |Function E,, =
< » |8 < » |8
00h |Volatile DAC Wiper Register 0 Y|Y 10h |Nonvolatile DAC Wiper Register 0 Y|Y
01h |Volatile DAC Wiper Register 1 —\Y 11h |Nonvolatile DAC Wiper Register 1 —\Y
02h |Reserved —|— 12h |Reserved —|—
03h |Reserved —|— 13h |Reserved —|—
04h |Reserved —|— 14h |Reserved —|—
05h |Reserved —|— 15h |Reserved —|—
06h |Reserved —|— 16h |Reserved —|—
07h |Reserved —|— 17h |Reserved ==
08h |Volatile VREF Register YI|Y 18h [Nonvolatile VREF Register Y|Y
09h |Volatile Power-Down Register Y|Y 19h |Nonvolatile Power-Down Y|Y
Register
OAh |Volatile Gain and Status Y|Y 1Ah [NV Gain Y|Y
Register
0Bh |Reserved —|— 1Bh |NV WiperLock™ Technology Register Y|Y
0Ch |General Purpose MTP (1) 1Ch |General Purpose MTP (1)
O0Dh |General Purpose MTP (1) 1Dh |General Purpose MTP (1)
OEh |General Purpose MTP (1) 1Eh |General Purpose MTP (1)
OFh |General Purpose MTP (1) 1Fh |General Purpose MTP (1)
Legend:
Volatile Memory addresses
MTP Memory addresses
Memory locations not implemented on this device family
Note 1: On nonvolatile memory devices only (MCP48CMBXX)
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TABLE 4-2: FACTORY DEFAULT POR/BOR VALUES (MTP MEMORY UNPROGRAMMED)

@ POR/BOR Value v POR/BOR Value
é Function E g g é—’ Function E g g
00h | Volatile DACO Register 7Fh 1FFh | 7FFh 10h | Nonvolatile DACO Wiper 7Fh 1FFh 7FFh
Register Q)
01h | Volatile DAC1 Register 7Fh 1FFh | 7FFh 11h | Nonvolatile DAC1 Wiper 7Fh 1FFh 7FFh
Registerm
02h | Reserved — — — 12h | Reserved — — —
03h | Reserved — — — 13h | Reserved — — —
04h | Reserved — — — 14h | Reserved — — —
05h | Reserved — — — 15h | Reserved — — —
06h | Reserved — — — 16h | Reserved — — —
07h | Reserved — — — 17h | Reserved — — —
08h | Volatile VREF Register 0000h | 0000h | 0000h 18h | Nonvolatile VREF 0000h | 0000h | 0000h
register“)
09h | Volatile Power-Down 0000h | 0000h | 0000h 19h | Nonvolatile Power-Down | 0000h | 0000h | 0000h
Register Registerm
0Ah | Volatile Gain and Status | 0080h | 0080h | 0080h 1Ah [NV Gain () 0000h | 0000h | 0000h
Register(z)
0Bh | Reserved 0000h | 0000h | 0000h 1Bh | NV WiperLock™ 0000h | 0000h | 0000h
Technology Register“)
0Ch | General Purpose MTP™M | — | — | — 1Ch | General Purpose MTP(") | 0000h | 0000h | 0000h
0Dh | General Purpose MTP() | 0000h | 0000h | 0000h 1Dh | General Purpose MTP(") | 0000h | 0000h | 0000h
OEh | General Purpose MTP(") | 0000h | 0000h | 0000h 1Eh | General Purpose MTP(1) | 0000h | 0000h | 0000h
OFh | General Purpose MTP(1) | 0000h | 0000h | 0000h 1Fh | General Purpose MTP(1) | 0000h | 0000h | 0000h
Legend:
Volatile Memory address range
Nonvolatile Memory address range
Not implemented

Note 1: On nonvolatile devices only (MCP48CMBXX).
2: The “1” bitis the POR status bit, which is set after the POR event and cleared after address 0OAh is read.
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4.2.6 DEVICE REGISTERS

Register 4-1 shows the format of the DAC Output Value
registers for the volatile memory locations. These reg-
isters will be either 8 bits, 10 bits, or 12 bits wide. The
values are right justified.

REGISTER 4-1: DACO (00H/10H) AND DAC1 (01H/11H) OUTPUT VALUE REGISTERS

(VOLATILE/NONVOLATILE)

uU-0 U-0 U-0 U-0 | RW-n | R/W-n| R/W-n | R\W-n | RI\W-n | R'W-n | R/\W-n | RIW-n | R/'W-n | R/'W-n | R'W-n | R/W-n
12-bit — — — — D11 | D10 | D09 | D08 | DO7 | DO6 | D05 | D04 | D03 | D02 | DO1 | D0OO
10-bit — — — — — — | D09 | D08 | DO7 | D06 | D05 | D04 | DO3 | D02 | DO1 | D0OO
8-bit — — — — — — — — | D07 | D06 | DO5 | D04 | DO3 | D02 | D01 | DOO

bit 15 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

= 12-bit device = 10-bit device [ ]= 8-bit device

12-bit 10-bit 8-bit

bit 15-12 bit 15-10 bit 15-8 Unimplemented: Read as ‘0’

bit 11-0 — — D11-D00: DAC Output value - 12-bit devices
FFFh = Full-Scale output value
7FFh = Mid-Scale output value
000h = Zero-Scale output value

— bit 9-0 — D09-D00: DAC Output value - 10-bit devices
3FFh = Full-Scale output value
1FFh = Mid-Scale output value
000h = Zero-Scale output value

— — bit 7-0 D07-D00: DAC Output value - 8-bit devices
FFh = Full-Scale output value
7Fh = Mid-Scale output value
00h = Zero-Scale output value

Note 1: Unimplemented bit, read as ‘0.
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Register 4-2 shows the format of the Voltage
Reference Control register. Each DAC has two bits to
control the source of the voltage reference of the DAC.
This register is for the volatile memory locations. The
width of this register is 2 times the number of DACs for
the device.

REGISTER 4-2: VOLTAGE REFERENCE (VREF) CONTROL REGISTERS (08h/18h)

(VOLATILE/NONVOLATILE)
uo | UO | UO|UO|UO|UO]|UO]|UO]| UO| UO ]| UO | U0 |RW-n|RW-n|RW-n|RW-n

singe | — | — | — | —m | —m | —m | = | —m | = | = | = | = | =] —M |vRoB|VR0A
Dual — — — — — — — — — — — — |VR1B|VR1A | VROB | VROA

bit 15 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

= Single-channel device [ ]= Dual-channel device
Single  Dual

bit 15-2  bit 15-4 Unimplemented: Read as ‘0’

bit 1-0 bit 3-0 VRxB-VRxA: DAC Voltage Reference Control bits
11 = VRggr pin (Buffered); Vrer buffer enabled
10 = VRgr pin (Unbuffered); Vg buffer disabled
01 = Internal Band Gap‘® (1.214V typical); Vreg buffer enabled. Vreg voltage driven when
powered-down.
00 = Vpp (Unbuffered); Vreg buffer disabled. Use this state with power-down bits for lowest
current.

Note 1: Unimplemented bit, read as ‘0.

2: When the Internal Band Gap is selected, the band gap voltage source will continue to output the voltage
on the Vrgr pin in any of the Power-Down modes. To reduce the power consumption to its lowest level
(Band Gap disabled), after selecting the desired Power-Down mode, the voltage reference should be
changed to Vpp or Vrgr pin unbuffered (“00” or ‘10’), which turns off the Internal Band Gap circuitry. After
wake-up, the user needs to reselect the Internal Band Gap (“01”) for the voltage reference source.
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Register 4-3 shows the format of the Power-Down
Control register. Each DAC has two bits to control the
Power-Down state of the DAC. This register is for the
volatile memory locations and the nonvolatile memory
locations. The width of this register is 2 times the
number of DACs for the device.

REGISTER 4-3: POWER-DOWN CONTROL REGISTERS (09h/19h)

(VOLATILE/NONVOLATILE)

uo | UO | UO|UO|UO|UO]|UO]|UO]| UO| UO ]| UO | U0 |RW-n|RW-n|RW-n|RW-n
Singe | — | — | — | — | — | — | = | = | — | = | = | = | =] - |PDOB|PDOA
Dual — — — — — — — — — — — — |PD1B|PD1A | PDOB | PDOA

bit 15 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

= Single-channel device [ ]= Dual-channel device
Single  Dual

bit 15-2  bit 15-4 Unimplemented: Read as ‘0’

bit1-0  bit3-0  PDxB-PDxA: DAC Power-Down Control bits(2)
11 =Powered-Down - Vo is open circuit
10 =Powered-Down - Vo7 is loaded with a 100 kQ resistor to ground
01 =Powered-Down - Vo7 is loaded with a 1 kQ resistor to ground
00 =Normal Operation (Not powered-down)

Note 1: Unimplemented bit, read as ‘0.
2: See Table 5-5 for more details.
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Register 4-4 shows the format of the Gain Control and
System Status register. Each DAC has one bit to
control the gain of the DAC and two Status bits.

REGISTER 4-4:  GAIN CONTROL AND SYSTEM STATUS REGISTER (0Ah)
(VOLATILE)

U0 | U0 | U0 | U0 | UO | UO |RW-n|RW-n|R/C-1 R U0 | U0 | U0 | UO | U0 | UO
— | - | -] =] —|-"] G0 |POR|MTPMA| — | — | — | — | — | —
— — — — — — G1 GO0 | POR | MTPMA | — — — — — —
bit 15 bit 0
Legend:
R = Readable bit W = Writable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
= Single-channel device [ ]= Dual-channel device
Single  Dual
bit 15-9  bit 15-10 Unimplemented: Read as ‘0’
— bit 9 G1: DAC1 Output Driver Gain control bits
1 = 2x Gain. Not applicable when Vpp is used as Vg, @)
0 =1xGain
bit 8 bit 8 G0: DACO Output Driver Gain control bits
1 = 2x Gain. Not applicable when Vpp is used as Vg, @)
0 =1xGain
bit 7 bit 7 POR: Power-on Reset (Brown-out Reset) Status bit

This bit indicates if a POR or BOR event has occurred since the last Read command of
this register. Reading this register clears the state of the POR Status bit.

1 =APOR (BOR) event occurred since the last read of this register. Reading this register clears

this bit.
0 = A POR (BOR) event has not occurred since the last read of this register.
bit 6 bit 6 MTPMA: MTP Memory Access Status bit(3)

This bit indicates if the MTP Memory Access is occurring.

1 =AnMTP Memory Access is currently occurring (during the POR MTP read cycle or an MTP
write cycle is occurring). Only serial commands addressing the volatile memory are allowed.
0 =An MTP memory Access is NOT currently occurring

bit 5-0 bit 5-0 Unimplemented: Read as ‘0’

Note 1: Unimplemented bit, read as ‘0.

2: The DAC’s Gain bit is ignored, and the gain is forced to 1X (GX = “0") when the DAC Voltage Reference is
selected as Vpp (VRxB:VRXA = “00”).

3: For devices configured as volatile memory, this bit is read as ‘0’.
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Register 4-5 shows the format of the Nonvolatile Gain
Control register. Each DAC has one bit to control the
gain of the DAC.

REGISTER 4-5: GAIN CONTROL REGISTER (1Ah)

(NONVOLATILE)
Uuo | U0 | U0 | U0 | UO | UO |RW-n|RW-n|U-O| U-0 uU-0 u-0 U-0 uU-0 U-0 u-0

Single | — — — — — — G1 GO | — | — — — — — — —
Dual — — — — — — G1 GO0 | — | — — — — — — —

bit 15 bit 0

Legend:

R = Readable bit W = Writable bit C = Clearable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

= Single-channel device [ ] = Dual-channel device

Single Dual

bit 15-10 bit 15-10 Unimplemented: Read as ‘0’

bit 9-8 bit 9-8 GX("): DAC Output Driver Gain control bits
1 =2X Gain
0 =1X Gain

bit 7-0 bit 7-0 Unimplemented: Read as ‘0’

Note 1:

When the DAC Voltage Reference is selected as Vpp (VRXB:VRXA = *

00"), the DAC’s Gain bit is ignored
and the gain is forced to 1X (GX = “0”).
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Register 4-6 shows the format of the DAC WiperlLock
Technology Status Register. The width of this register is
2 times the number of DACs for the device.

WiperLock Technology bits only control access to
volatile memory. Nonvolatile memory write access is
controlled by the requirement of high voltage on the
HVC pin, which is recommended to not be available
during normal device operation.

REGISTER 4-6: WIPERLOCK TECHNOLOGY CONTROL REGISTER (1BH)
(NONVOLATILE)

uo | U0 |UO|UO|UO|UO|UO]|UO]|UO]| UO]| UO | U0 |RW-n|RW-n|R/W-n|RW-n

Singe| — | — | = | =] =] =] === —=1—=1—=1-"]— [ wLoB | WLOA
Dual — — — — — — — — — — — — | WL1B | WL1A | WLOB | WLOA
bit 15 bit 0
Legend:
R = Readable bit W = Writable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
= Single-channel device [ ] = Dual-channel device
Single Dual

bit 15-2  bit 15-4 Unimplemented: Read as ‘0’

bit1-0  bit3-0  WLXB-WLXA: WiperLock™ Technology Status bits(?)
11 = Vol. DAC Wiper Register and Vol. DAC configuration bits are locked
10 = Vol. DAC Wiper Register is locked, and Vol. DAC configuration bits are unlocked
01 = Vol. DAC Wiper Register is unlocked, and Vol. DAC configuration bits are locked
00 = Vol. DAC Wiper Register and Vol. DAC configuration bits are unlocked

Note 1: Unimplemented bit, read as ‘0.

2: The volatile PDxB:PDxA bits are NOT locked due to the requirement of being able to exit Power-Down
mode.
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NOTES:
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5.0

DAC CIRCUITRY

The Digital to Analog Converter circuitry converts a digital
value into its analog representation. The description

describes the functional operation of the device.

The DAC Circuit uses a resistor ladder implementation.

The functional blocks of the DAC include:

* Resistor Ladder

» Voltage Reference Selection

+ Output Buffer/Vgoyt Operation

« Latch Pin (LAT)

Devices have up to two DACs. Figure 5-1 shows the * Power-Down Operation
functional block diagram for the MCP48CXBXX DAC
circuitry.
Power-Down Voo
Operation
PD1:PDO and
& VREF1:VREFO
T Voo Internal Band Gap
Voltage
Reference + B Virer
Selection _ &~ VREF1:VREFO and
T PD1:PDO
[
. - Band Gap
e (1.214V typical)
f Vbp
_./._T
VREF1:VREFO
v Power-Down
RL ARL " pac Operation
A —— Output
Rs(on P Vbp
s@) ‘ Selection
-—
—{4- PD1:PDO
Rs(n - 1) !
o |
-—
Vi
Rs@n -2 w + Vour
.
— 4}
PD1:PDO
Gain o
(1x or 2x) c 3
= 3
Output Buffer/Voyr L = Power-Down
Operation Operation
v DAC Register Value
W # Resistor in Resistor Ladder =~ RL
Where:
Resistor # Resistors in Resistor Ladder = 256  (MCP48CXB0X)
- Ladder 1024 (MCP48CXB1X)
4096 (MCP48CXB2X)

FIGURE 5-1:

MCP48CXBXX DAC Module Block Diagram.
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5.1 Resistor Ladder

The resistor ladder is a digital potentiometer with the
A Terminal connected to the selected reference voltage
and the B Terminal internally grounded (see
Figure 5-2). The volatile DAC register controls the
wiper position. The wiper voltage (Vyy) is proportional to
the DAC register value divided by the number of resis-
tor elements (Rg) in the ladder (256, 1024 or 4096)
related to the V_ voltage.

The output of the resistor network will drive the input of
an output buffer.

The Resistor Network is made up of three parts:

* Resistor Ladder (string of Rg elements)
* Wiper switches
» DAC register decode

The resistor ladder has a typical impedance (Rg.) of
approximately 71 kQ. This resistor ladder resistance
(RrL) may vary from device to device up to +10%.
Since this is a voltage divider configuration, the actual
RR. resistance does not affect the output, given a fixed
voltage at Vg,

Equation 5-1 shows the calculation for the step
resistance.

Note: The maximum wiper position is 2" —1,
while the number of resistors in the
resistor ladder is 2". This means that
when the DAC register is at full scale,
there is one resistor element (Rg)
between the wiper and the Vg, voltage.

DAC
Register

Note 1: The analog switch resistance (Ry)
does not affect performance due to the
voltage divider configuration.

If the unbuffered Vrgr pin is used as the Vg, voltage
source, the external voltage source should have a low
output impedance.

When the DAC is powered down, the resistor ladder is
disconnected from the selected reference voltage.

EQUATION 5-1: Rg CALCULATION
R
R s = (2% 8-bit Device
- ===
_ 'RL . .
s~ (10—24) 10-bit Device
- — — — T-? _________
_ 'RL . ,
RS = m 12-bit Device

FIGURE 5-2:
Block Diagram.

Resistor Ladder Model

DS20006160A-page 56

© 2019 Microchip Technology Inc.



MCP48CXBXX

5.2 Voltage Reference Selection

The resistor ladder has up to four sources for the
reference voltage. The selection of the voltage
reference source is specified with the volatile
VREF1:VREFO configuration bits (see Register 4-2).
The selected voltage source is connected to the Vg
node (see Figure 5-3 and Figure 5-4).

VREF1:VREFO

Ve Vbp —»Q\

Band Gap— | 8 §
o
>3 2 — VRL
> R
Buffer
FIGURE 5-3: Resistor Ladder Reference

Voltage Selection Block Diagram.

The four voltage source options for the Resistor Ladder
are:

1. Vpp pin voltage

2. Internal band gap voltage reference (Vgg)
3. VRgf pin voltage - unbuffered

4. Vggr pin voltage - internally buffered

On a POR/BOR event, the default configuration state or
the value written in the nonvolatile register is latched into
the volatile VREF1:VREFO configuration bits.

If the Vrer pin is used with an external voltage source,
then the user must select between Buffered or
Unbuffered mode.

521  USING Vpp AS VRer

When the user selects the Vpp as reference, the Vggp
pin voltage is not connected to the Resistor Ladder.
The Vpp voltage is internally connected to the Resistor
Ladder.

522  USING AN EXTERNAL Vgep
SOURCE IN UNBUFFERED MODE

In this case, the Vggg pin voltage may vary from Vgg to
Vpp. The voltage source should have a low-output
impedance. If the voltage source has a high-output
impedance, then the voltage on the Vggp pin could be
lower than expected. The resistor ladder has a typical
impedance of 71 kQ and a typical capacitance of 29 pF.

If a single Vreg pin is supplying multiple DACs, the
VRef pin source must have adequate current capability
to support the number of DACs. It must be assumed
that the resistor ladder resistance (Rg| ) of each DAC is
at the minimum specified resistance and these resis-
tances are in parallel.

If the Vrer pin is tied to the Vpp voltage, selecting
the Vpp Reference mode (VREF1:VREFO = ‘00’) is
recommended.

52.3  USING AN EXTERNAL Vger
SOURCE IN BUFFERED MODE

The VRrgr pin voltage may be from OV to Vpp. The input
buffer (amplifier) provides low offset voltage, low noise,
and a very high input impedance, with only minor
limitations on the input range and frequency response.

Any variation or noises on the reference source can
directly affect the DAC output. The reference voltage
needs to be as clean as possible for accurate DAC
performance.

VDD VDD
PD1:PDO and
VREF1:VREF0 =P/,

PD1:PDO and
' & VREF1:VREF0

Band Gap“)
(1.214V typical)

VRer
- I+\ VRL

PD1:PDO and
VREF1:VREFO

Note 1: The Band Gap voltage (Vgg) is 1.214V
typical. The band gap output goes
through the buffer with a 2X gain to
create the VR voltage. See Table 5-1
for additional information on the band
gap circuit.

FIGURE 5-4: Reference Voltage Selection
Implementation Block Diagram.
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524 USING THE INTERNAL BAND GAP
AS VOLTAGE REFERENCE

The Internal Band Gap is designed to drive the Resistor
Ladder Buffer.

If the Internal Band Gap is selected, then the band gap
voltage source will drive the external Vggg pins. The
Vger1 Pin must be left unloaded in this mode. The
voltage reference source can be independently
selected on devices with two DAC channels, but
restrictions apply:

» The Vpp mode can be used without issues on any
channel.

* When the Internal Band Gap is selected as the
voltage source, all the Vrgg pins are connected to
its output. The use of the Unbuffered mode is only
possible on Vregg, because it's the only one that
can be loaded.

* When using the Internal Band Gap mode on
channel 0, channel 1 must be put in Buffered
External Vrgr mode or Vpp Reference mode and
the VReg4 pin must be left unloaded.

The resistance of the resistor ladder (Rg| ) is targeted
to be 71kQ (£10%), which means a minimum
resistance of 63.9 kQ.

The band gap selection can be used across the Vpp
voltages while maximizing the Voyr voltage ranges.
For Vpp voltages below the Gain * Vg voltage, the
output for the upper codes will be clipped to the Vpp
voltage. Table 5-4 shows the maximum DAC register
code given device Vpp and Gain bit setting.

TABLE 5-1: Vout USING BAND GAP
< | Max DAC Code("
>8 8 ] . . Comment
< | 12-bit | 10-bit | 8-bit
(=]
55 |1 | FFFh | 3FFh [ FFh VouT(may) = 1-214V0)
‘ 2 | FFFh | 3FFh | FFh | Vout(max) = 2.428VC)
,7 |1 | FFFh | 3FFh | FFh VouT(max) = 1:214V®
2 | FFFh | 3FFh | FFh | Vour(max) = 2428V
1g |1 | FFFh | 3FFh | FFh |Vout(may = 1214V
2@ | BBCh | 2EFh | BBh | 1.8V

Note 1: Without the Vot pin voltage being clipped.
2: Recommended to use the Gain = 1 setting.
3:  When Vgg = 1.214V typical.

5.3  Output Buffer/Vgoyt Operation

The Output Driver buffers the wiper voltage (Vyy) of the
Resistor Ladder.

The DAC output is buffered with a low-power, precision
output amplifier with selectable gain. This amplifier
provides a rail-to-rail output with low offset voltage and low
noise. The amplifier’s output can drive the resistive and
high-capacitive loads without oscillation. The amplifier
provides a maximum load current which is enough for
most programmable voltage reference applications. Refer
to Section 1.0 “Electrical Characteristics” for the
specifications of the output amplifier.

Note: The load resistance must be kept higher
than 2 kQ to maintain stability of the
analog output and have it meet electrical
specifications.

Figure 5-5 shows a block diagram of the output driver
circuit.

Vbp

< PD1:PDO

— VOUT

PD1:PDO

Gain
(1x or 2x)

FIGURE 5-5:

Power-Down logic also controls the output buffer
operation (see Section 5.5 “Power-Down Operation”
for additional information on Power-Down). In any of
the three Power-Down modes, the output amplifier is
powered down and its output becomes a high
impedance to the Vgt pin.

Output Driver Block Diagram.

5.3.1 PROGRAMMABLE GAIN

The amplifier’'s gain is controlled by the Gain (G)
Configuration bit (see Register4-4) and the Vg_
reference selection (see Register 4-2).

The Gain options are:

a) Gain of 1, with either the Vpp or Vrgr pin used
as reference voltage.

b) Gain of 2, only when the Vrgg pin or the Internal
Band Gap is used as reference voltage. The
VRer pin voltage should be limited to Vpp/2.
When the reference voltage selection (Vg.) is
the device’s Vpp voltage, the G bit is ignored
and a gain of 1 is used.

Table 5-2 shows the gain bit operation.
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TABLE 5-2: OUTPUT DRIVER GAIN
Gain Bit| Gain Comment
0 1
1 2 Limits VRgf pin voltages
relative to device Vpp voltage

The volatile G bit value can be modified by:
* POR event

* BOR event

» SPI Write commands

5.3.2 OUTPUT VOLTAGE

The volatile DAC register values, along with the
device’s configuration bits, control the analog Voyr
voltage. The volatile DAC register’s value is unsigned
binary. The formula for the output voltage is provided in
Equation 5-2. Examples of volatile DAC register values
and the corresponding theoretical Vo7 voltage for the
MCP48CXBXX devices are shown in Table 5-6.

EQUATION 5-2: CALCULATING OUTPUT
VOLTAGE (Vour)

Vir x DAC Register Value
Vour = - - - xGain
# Resistor in Resistor Ladder

Where:

# Resistors in R-Ladder = 4096 (MCP48CXB2X)
1024 (MCP48CXB1X)
256 (MCP48CXB0X)

When Gain =2 (VRL = VREF)’ if VREF > VDD/Z’ the VOUT
voltage is limited to Vpp. So if Vrer = Vpp, the VouTt
voltage does not change for volatile DAC register values
mid-scale and greater, since the output amplifier is at
full-scale output.

The following events update the DAC register value
and therefore the analog voltage output (VoyT):

* Power-on Reset

» Brown-out Reset

» SPI Write command (to volatile registers)

Next, the Vot voltage starts driving to the new value
after the event has occurred.
5.3.3 OUTPUT SLEW RATE

Figure 5-6 shows an example of the slew rate of the
Vout pin. The slew rate can be affected by the
characteristics of the circuit connected to the Vg1 pin.

VouT(a
“ bacx=A 4
DACx =B
Time
_ ‘VOUT(B)7 VOUT(A)‘
Slew Rate = T
FIGURE 5-6: Vour Pin Slew Rate.

5.3.31 Small Capacitive Load

With a small capacitive load, the output buffer’s current
is not affected by the capacitive load (C). But still, the
Vour pin’s voltage is not a step transition from one out-
put value (DAC register value) to the next output value.
The change of the Vo7 voltage is limited by the output
buffer’s characteristics, so the Vgoyt pin voltage will
have a slope from the old voltage to the new voltage.
This slope is fixed for the output buffer, and is referred
to as the buffer slew rate (SRgyg).

5.3.3.2 Large Capacitive Load

With a larger capacitive load, the slew rate is
determined by two factors:

» The output buffer’s short-circuit current (Igc)
* The VouT pin’s external load

loyt cannot exceed the output buffer’s short-circuit
current (lgc), which fixes the output buffer slew rate
(SRgyE)- The voltage on the capacitive load (C), VoL
changes at a rate proportional to IgyT, which fixes a
capacitive load slew rate (SR¢y).

So the V¢, voltage slew rate is limited to the slower of
the output buffer’s internally set slew rate (SRBUF) and
the capacitive load slew rate (SR¢|).

5.3.4 DRIVING RESISTIVE AND
CAPACITIVE LOADS

The VoyT pin can drive up to 100 pF of capacitive load
in parallel with a 5 kQ resistive load (to meet electrical
specifications). Vgoyt drops slowly as the load resis-
tance decreases after about 3.5 kQ. It is recommended
to use a load with R greater than 2 kQ.

Refer to the Characterization Data documents for a
detailed Voyt vs. Resistive Load characterization
graph.
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Driving large capacitive loads can cause stability
problems for voltage feedback output amplifiers. As the
load capacitance increases, the feedback loop’s phase
margin decreases and the closed-loop bandwidth is
reduced. This produces gain peaking in the frequency
response with overshoot and ringing in the step
response. That is, since the Vgt pin’s voltage does
not quickly follow the buffer’s input voltage (due to the
large capacitive load), the output buffer will overshoot
the desired target voltage. Once the driver detects this
overshoot, it compensates by forcing it to a voltage
below the target. This causes voltage ringing on the
Vour pin.

So, when driving large capacitive loads with the output
buffer, a small series resistor (R|gp) at the output (see
Figure 5-7) improves the output buffer’s stability
(feedback loop’s phase margin) by making the output
load resistive at higher frequencies. The bandwidth will
be generally lower than the bandwidth with no
capacitive load.

FIGURE 5-7: Circuit to Stabilize Output
Buffer for Large Capacitive Loads (C;).

The Rigp resistor value for your circuit needs to be
selected. The resulting frequency response peaking
and step response overshoot for this Rigg resistor
value should be verified on the bench. Modify the
Riso’s resistance value until the output characteristics
meet your requirements.

TABLE 5-3:

A method to evaluate the system’s performance is to
inject a step voltage on the VRggg pin and observe the
VouT pin’s characteristics.

Note:  Additional insight into circuit design for
driving capacitive loads can be found in
AN884 — “Driving Capacitive Loads With

Op Amps” (DS00000884).

535  STEP VOLTAGE (Vg)

The Step Voltage depends on the device resolution and
the calculated output voltage range. 1 LSb is defined
as the ideal voltage difference between two successive
codes. The step voltage can easily be calculated by
using Equation 5-3 (the DAC register value is equal to
1). Theoretical Step Voltages are shown in Table 5-3 for
several Vrgr voltages.

EQUATION 5-3: Vg CALCULATION

VR L

Ve =
S # Resistor in Resistor Ladder

xGain

Where:

# Resistors in R-Ladder = 4096  (12-bit)
1024  (10-bit)
256 (8-bit)

THEORETICAL STEP VOLTAGE (Vg)"

Step

VREF

Voltage

5.0

2.7

1.8

1.5

1.0

#bits

1.22 mV

659 uv

439 uv

366 uV

244 uv

12-bit

Vs

4.88 mV

2.64 mV

1.76 mV

1.46 mV

977 uv

10-bit

19.5 mV

10.5 mV

7.03 mV

5.86 mV

3.91 mV

8-bit

Note 1: When Gain = 1X, Vgg = Vg, and Vg = OV.
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54  Latch Pin (LAT)

The Latch pin controls when the volatile DAC register
value is transferred to the DAC wiper. This is useful for
applications that need to synchronize the wiper(s)
updates to an external event, such as zero crossing or
updates to the other wipers on the device. The LAT pin
is asynchronous to the serial interface operation.

When the LAT pin is high, transfers from the volatile DAC
register to the DAC wiper are inhibited. The volatile DAC
register value(s) can continue to be updated.

When the LAT pin is low, the volatile DAC register value
is transferred to the DAC wiper.

Note: This allows both the volatie DACO and
DACH1 registers to be updated while the
LAT pin is high, and to have outputs
synchronously updated as the LAT pin is
driven low.

Figure 5-8 shows the interaction of the LAT pin and the
loading of the DAC wiper x (from the volatile DAC
register x). The transfers are level driven. If the LAT pin
is held low, the corresponding DAC wiper is updated as
soon as the volatile DAC register value is updated.

The LAT pin allows the DAC wiper to be updated to an
external event and to have multiple DAC chan-
nels/devices update at a common event.

| Serial Shift reg. |
Register Address
Write command
24 Clocks
| Vol. DAC register x |
LAT Transfer
SYNC Data
(internal signal)
DAC wiper x |
LAT | SYNC Transfer Comment
Data
1 1 0 No Transfer
1 0 0 No Transfer
0 1 1 Vol. DAC register x - DAC wiper x
0 0 0 No Transfer
FIGURE 5-8: LAT and DAC Interaction.

Since the DAC wiper x is updated from the volatile DAC
register x, all DACs that are associated with a given
LAT pin can be updated synchronously.

If the application does not require synchronization, then
this signal should be tied low.

Figure 5-9 shows two cases of using the LAT pin to
control when the wiper register is updated relative to
the value of a sine wave signal.

Case 1: Zero Crossing of Sine Wave to update the volatile DACO register (using LAT pin)

¥ Indicates where LAT pin pulses are active (volatile DACO register updated)

FIGURE 5-9:

5.5 Power-Down Operation

To allow the application to conserve power when DAC
operation is not required, three Power-Down modes
are available. On devices with multiple DACs, each
DAC’s Power-Down mode is individually controllable.

All Power-Down modes do the following:

¢ Turn off most of the DAC module’s internal circuits

» Op amp is powered down and the Vgt pin
becomes high-impedance

Example Use of LAT Pin Operation.

» Retain the value of the volatile DAC register and
configuration bits

Depending on the selected Power-Down mode, the
following will occur:

* Vour pin is switched to one of the two resistive
pull-downs:
- 100 kQ (typical)
- 1kQ (typical)
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The Power-Down configuration bits (PD1:PDO) control
the power-down operation (Table 5-4).

Note 1: The SPI serial interface circuit is not
affected by the Power-Down mode. This
circuit remains active in order to receive
any command that might come from the
SPI Master device.

TABLE 5-4: POWER-DOWN BITS AND
OUTPUT RESISTIVE LOAD
PD1 PDO Function
0 0 Normal operation
0 1 1 kQ resistor to ground
1 0 100 kQ resistor to ground
1 1 Open circuit

There is a delay (Tppp) between the PD1:PDO bits
changing from ‘00’ to either ‘01, ‘10’ or ‘11’ and the op
amp no longer driving the Voyt output, and the
pull-down resistors sinking current.

In any of the Power-Down modes where the Vo1 pin
is not externally connected (sinking or sourcing cur-
rent), as the number of DACs increases, the device’s
power-down current will also increase.

Table 5-6 shows the current sources for the DAC based
on the selected source of the DAC's reference voltage
and if the device is in normal operating mode or one of
the Power-Down modes.

TABLE 5-5: DAC CURRENT SOURCES
Device PDxB:xA = ‘007, PDxB:xA = ‘00’°,
Vbp VREFxB:xA = VREFxB:xA =
Current

Source 00|01 10 11] 00 01 10 11

Output [ Y|Y ] Y |[Y]IN|NJ|N|N
Op Amp
Resistor | Y [Y |[NMWIY]N | N [NDI N
Ladder
VREF N|Y| N J|[Y]IN|NJ|]N|N
Selection
Buffer
BandGap [ N | Y | N | N [N@|Y@ |N@|NE@
Note 1: The currentis sourced from the Vggp pin,

not the device Vpp.

2: If DACO and DAC1 are in one of the
Power-Down modes, MTP write
operations are not recommended.

The power-down bits are modified by using a write
command to the volatile Power-Down register or a
POR event, which transfers the nonvolatile
Power-Down Register to the volatile Power-Down
Register.

Section 7.0 “Device Commands” describes the SPI
command for writing the power-down bits.

5.5.1 EXITING POWER-DOWN

The following event changes the PD1:PDO bits to ‘00’
and therefore exits the Power-Down mode. This is any
SPI Write command where the PD1:PDO bits are ‘00’

When the device exits Power-Down mode, the
following occurs:

« Disabled internal circuits are turned on

* Resistor ladder is connected to the selected
reference voltage (VgL )

» Selected pull-down resistor is disconnected
» The VpyT output is driven to the voltage

represented by the volatile DAC register’s value
and configuration bits

DAC Wiper register and DAC Wiper value may be
different due to the DAC Wiper register being modified
while the LAT pin was driven to (and remaining at) V.

The Vgt output signal requires time as these circuits
are powered-up and the output voltage is driven to the
specified value as determined by the volatile DAC
register and configuration bits.

Note: Since the op amp and Resistor Ladder
were powered off (0V), the op amp’s input
voltage (V\y) can be considered OV. There
is a delay (Tppg) between the PD1:PDO
bits updating to ‘00’ and the op amp
driving the Vgoyt output. The op amp’s
settling time (from OV) needs to be taken
into account to ensure the Vo1 voltage
reflects the selected value.
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TABLE 5-6: DAC INPUT CODE VS. CALCULATED ANALOG OUTPUT (Voyrt) (Vpp = 5.0V)

i @3)
Device RVoI.atiIe DAC |\ ) Lsb Seii't?on Vour

egister Value Equation pv 2 Equation v
1111 1111 1111| 5.0V | 5.0V/4096 | 1,220.7 1x VgL * (4095/4096) * 1 4.998779
2.5V | 2.5V/4096 | 6104 1x VRL * (4095/4096) * 1 2.499390
= 2x2) | Vg, * (4095/4096) = 2) | 4.998779
3 0111 1111 1111| 5.0V | 5.0v/4096 | 1,220.7 1x VgL * (2047/4096) * 1) 2.498779
g 2.5V | 2.5V/4096 610.4 1x VgL * (2047/4096) * 1) 1.249390
§ 2x12) | VgL * (2047/4096) = 2) | 2.498779
3 0011 1111 1111| 5.0V | 5.0v/4096 | 1,220.7 1x VgL * (1023/4096) * 1) 1.248779
g 2.5V | 2.5V/4096 | 6104 1x VR * (1023/4096) * 1) | 0.624390
O 2x2) | VgL * (1023/4096) = 2) | 1.248779

0000 0000 0000| 5.0V | 5.0V/4096 | 1,220.7 1x VgL * (0/4096) * 1) 0

2.5V | 2.5V/4096 | 6104 1x VgL * (0/4096) * 1) 0

2x2) | VgL * (0/4096) * 2) 0
11 1111 1111 5.0V | 5.0v/1024 | 4,882.8 1x VgL *(1023/1024) * 1 4.995117
25V | 25V/1024 | 2,441.4 1x VgL *(1023/1024) = 1 2.497559
N 2x2) | VgL * (1023/1024) * 2 4.995117
3 01 1111 1111 5.0V | 5.0v/1024 | 4,882.8 1x Vg *(511/1024) = 1 2.495117
g 25V | 25V/1024 | 2,441.4 1x VR *(511/1024) = 1 1.247559
E 2x2) VgL * (511/1024) * 2 2495117
3 00 1111 1111 5.0V | 5.0v/1024 | 4,882.8 1x VgL * (255/1024) * 1 1.245117
g 25V | 25V/1024 | 2,441.4 1x VgL * (255/1024) * 1 0.622559
O 2x2) | VgL * (255/1024) * 2 1.245117

00 0000 0000 5.0V | 5.0v/1024 | 4,882.8 1x VgL * (0/1024) * 1 0

25V | 25V/1024 | 2,441.4 1x VgL *(0/1024) = 1 0

2x2) | VgL * (0/1024) * 1 0
1111 1111 5.0V 5.0v/256 |19,531.3 1x VgL * (255/256) * 1 4.980469
2.5V 2.5V/256 | 9,765.6 1x VgL * (255/256) * 1 2.490234
2x2) | Vg * (255/256) * 2 4.980469
g 0111 1111 5.0V 5.0v/256 |19,531.3 1x VgL * (127/256) * 1 2.480469
3 2.5V 2.5V/256 | 9,765.6 1x VgL * (127/256) * 1 1.240234
2 2x2) VgL * (127/256) * 2 2.480469
3 0011 1111 5.0V 5.0v/256 |19,531.3 1x VgL * (63/256) * 1 1.230469
g 25V | 2.5V/256 | 9,765.6 1x VRL * (63/256) * 1 0.615234
2 2x2) | Vg * (63/256) * 2 1.230469

0000 0000 5.0V 5.0v/256 |19,531.3 1x VgL * (0/256) * 1 0

25V | 2.5V/256 | 9,765.6 1x VR * (0/256) * 1 0

2x2) | Vg * (0/256) * 2 0

Note 1: Vg, is the resistor ladder’s reference voltage. It is independent of the VREF1:VREFO selection.
2: Gain selection of 2X (GX = ‘1°) requires the voltage reference source to come from the Vggg pin
(VREF1:VREFO0 = ‘10’ or ‘11’) and requires Vrgf pin voltage (or Vg, ) < Vpp/2 or from the internal band
gap (VREF1:VREFO = ‘01").
3: These theoretical calculations do not take into account the Offset, Gain and Nonlinearity errors.
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6.0 SPISERIAL INTERFACE
MODULE

The MCP48CXBXX'’s SPI Serial Interface Module is a
4-wire interface. The devices operate only as slaves
(do not generate the master clock). Figure 6-1 shows a
typical SPI interface connection.

Typical SPI Interface Connections

Host MCP48CXBXX
Controller Other Devices
A

SDO I T | spl

SDI l SDO

SckK fK

GPIO | ¢s

GPIO .| LAT/HvC
(Master) (Slave)

FIGURE 6-1: Typical SPI Interface.

The frame content (commands) for the MCP48CXBXX
are defined in Section 7.0 “Device Commands”.

6.1 Overview

This section discusses some of the specific
characteristics of the MCP48CXBXX's SPI Serial
Interface Module. This is to assist in the development of
your application.

The following sections discuss some of these
device-specific characteristics:

 Communication Data Rates

« POR/BOR

* Interface Pins (CS, SCK, SDI, SDO, and
LAT/HVC)

* Device Memory Address

¢ SPI Modes

The MCP48CXBXX devices support the SPI serial

protocol. This SPI operates in Slave mode (does not
generate the serial clock).

The SPI interface uses four pins. These are:

« CS - Chip Select
¢ SCK - Serial Clock
« SDI - Serial Data In

¢ SDO - Serial Data Out

A fifth pin is used if a write is being done in the MTP
memory. This pin is HVC - High Voltage Command
(customer manufacturing only, multiplexed with LAT
functionality).

The HVC pin is used to program the MTP memory.
This is intended to be used only during the customer’s
factory production flow. On volatile devices, the HVC

pin is high-voltage tolerant. To enter a high voltage
command, the HVC pin must be greater than the V|4
voltage.

Typical SPI Interfaces are shown in Figure 6-1. In the
SPI interface, the Master’s Output pin is connected to
the Slave’s Input pin, and the Master’s Input pin is
connected to the Slave’s Output pin.

The MCP48CXBXX SPI module supports two (of the
four) standard SPI modes. These are Mode 0, O and
1, 1. The SPI mode is determined by the state of the
SCK pin (V| or V|.) when the CS pin transitions from
inactive (V|y) to active (V).

6.2 Communication Data Rates

The MCP48CXBXX supports clock rates (bit rates) of
up to 25MHz for read, and 50 MHz for Write
commands.

For most applications, the write time will be considered
more important, since that is how the device operation
is controlled.

6.3 POR/BOR

On a POR/BOR event, the SPI Serial Interface Module
state machine is reset, which includes forcing the
device’s Memory Address pointer to 00h.

6.4 Interface Pins (CS, SCK, SDI, SDO,
and LAT/HVC)

The operation of the four interface pins and the
High-Voltage command (HVC) pin is discussed in this
section. The serial interface works on 24-bit
boundaries. The CS pin frames the SPI commands.

6.4.1 SERIAL DATA IN (SDI)

The Serial Data In (SDI) signal is the data signal in the
device. The value on this pin is latched on the rising
edge of the SCK signal.

6.4.2 SERIAL DATA OUT (SDO)

The Serial Data Out (SDO) signal is the data signal out
of the device. The value on this pin is driven on the
falling edge of the SCK signal.

Once the CS pin is forced to the active level (V,.), the
SDO pin is driven. The state of the SDO pin is deter-
mined by the serial bit's position in the command, the
selected command, and if there is a state of command
error (CMDERR).

6.4.3 SERIAL CLOCK (SCK)
(SPI FREQUENCY OF OPERATION)

The SPI interface is specified to operate up to 50 MHz
for Write commands and 25 MHz for read commands.
The actual clock rate depends on the configuration of
the system and the serial command used. Table 6-1
shows the SCK frequency for different configurations.

© 2019 Microchip Technology Inc.
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TABLE 6-1: SCK FREQUENCY
Command
Memory Type Access
Read Write

Nonvolatile | SDI, SDO | 25 MHz | 50 MHz (1)
Memory

Volatile SDI, SDO | 25 MHz | 50 MHz ()
Memory

Note 1: After issuing a Write command to the NV
locations, the internal write cycle must be
completed before the next SPI command
addressing the NV locations is received

(twe)-

6.4.4 THE CS SIGNAL

The CS signal is used to select the device and frame a
command sequence. To start a command, or
sequence of commands, the CS signal must transition
from the inactive state (V|y) to an active state (V).

After the CS signal has gone active, the SDO pin is
driven and the clock bit counter is reset.

Note: There is a required delay after the CS pin
goes active to the 15! edge of the SCK pin.

If an error condition occurs for an SPI command, then
the Command byte’s Command Error (CMDERR) bit
(on the SDO pin) will be driven low (V). To exit the
error condition, the user must take the CcS pin to the
V|y level.

When the CS pin returns to the inactive state (V|y), the
SPI module resets (including the address pointer).
While the CS pin is in the inactive state (V|y), the serial
interface is ignored. This allows the Host Controller to
interface to other SPI devices using the same SDI,
SDO, and SCK signals.

6.4.5 THE HVC SIGNAL

The high voltage requirement of the HVC pin for
programming MTP registers ensure that a device in
normal operation does not corrupt the values.

6.5 Device Memory Address

The memory address is the 5-bit value that specifies
the location in the device’s memory that the specified
command will operate on.

On a POR/BOR event, the device’s Memory Address
pointer is forced to 00h.

6.6 SPI Modes

The SPI module supports two (of the four) standard
SPI modes. These are Mode 0,0 and 1,1. The
MCP48CXBXX's SPI mode is automatically
determined based on the Master’s configured mode.
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6.6.1 OPERATION IN SPI MODE 0, 0 6.6.2 OPERATION IN SPIMODE 1, 1
In SPI Mode 0, 0: In SPI Mode 1, 1:
» SCKidle state = Low (V) » SCKidle state = High (V|4)
» Data is clocked in on the SDI pin on the rising » Data is clocked in on the SDI pin on the rising
edge of SCK edge of SCK
» Data is clocked out on the SDO pin on the falling » Data is clocked out on the SDO pin on the falling
edge of SCK edge of SCK
/I \
w/ \;:\_
Hvc  Note: HVC must be at V| before start of a Write command and only lowered to V), or V,_after MTP write cycle :
Vin completes (MTPMA bit). Also shadow PDOB:PDOA = ‘00" (so that Band Gap circuitry is operational)
= .
sck !
wiwo 1| ||| ] ]
Yoo nn o GMeERRby 0
S I [ OO N O N 2 T T N A NN A M :
SDO ' ’ ! [ i [
o1 ——(ofnofe) )l
ot TTTTTTT?TTTTTTTT
FIGURE 6-2: 24-Bit Commands (Write, Read) - SPl| Waveform (Mode 0,0).
75V 7\
Vﬁ( V|K
HVC ote: HVC must be at V| before start of a Write command and only lowered to V, or V| _after MTP write cycle '
completes (MTPMA bit). Also shadow PDOB:PDOA = ‘00" (so that Band Gap circuitry is operational) ‘
IH .
[
SCK ;
weo ||| ]
ol r s aERRD
Lol e b b b e o o e e o ]
SDo bit23Y bit22'Y bit21 X bit20 X bit19) bit18) bit17 X bit16 Ypit1s i i
so!
co bttt tttrttrttrtt
FIGURE 6-3: 24-Bit Commands (Write, Read) - SPI Waveform (Mode 1,1).
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7.0 DEVICE COMMANDS TABLE 7-1:  COMMAND BITS OVERVIEW
The MCP48CXBXX’s SPI command format supports Biéitg:)es Command g(t)sf Normal or HV
32 memory address locations and two commands. . !

The command may have two modes. These are: 11 Read Data | 24-Bits | Normalonly{")
* Normal Serial Commands 00 Write Data 24-Bits Both

* MTP Programming (HV) Serial Commands 01 Reserved — —
Normal serial commands are those where the HVC pin — _

is driven to either V|y or V. With High-Voltage Serial 10 Reserved

Note 1: Reading from the NV memory locations
will return the shadow RAM value of the
NV memory, not the NV memory contents.

commands, the HVC pin is driven to 7.5V. These
commands are shown in Table 7-1.

Table 7-2 shows an overview of all the SPI commands Once a write cycle starts, no other com-
and their interaction with other device features. mands accessing NV mémory locations
The 24-bit commands (Read Command and Write are allowed.

Command) contain a Command Byte and a Data
Word. The Command Byte contains one reserved bit,
see Figure 7-1.

Command Byte Data Word (2 bytes)
ADADADADADCCXXXXXDDDD DD/ D/D|D|D|D|D
413|2|110(1]0 11|10(09|{08| |07 |06|05|04 (03 |02|01|00

Legend: Memory Address Command Bits Data Bits Reserved

FIGURE 7-1: 24-bit SPI Command Format.
TABLE 7-2: SPI COMMANDS - NUMBER OF CLOCKS
Command Data Update Rate
] (8-bit/10-bit/12-bit)
Code C#: Okal(tz) (Data Words/Second) Comments
Operation Hy | Mode U ocks
C1[CO0| (47 1MHz | 10 MHz | 50 MHz
Write Command(®:6) 0|0 Y |Single 24 41,666 | 416,666 | 2,083,333
010 N | Continuous 24*n | 41,666 | 416,666 | 2,083,333 |For 10 data words
Read Command(® 1|1 N | Random 24 41,666 | 416,666 | 2,083,333
101 N | Continuous 24*n | 41,666 | 416,666 | 2,083,333 | For 10 data words

Note 1: Nonvolatile registers can only use the Single mode.
2: “n” indicates the number of times the command operation is to be repeated.
3: The registers are updated after the 24th clock bit or after the [ rising, depending on mode.

4: |If the state of the HVC pin is V|yy, then the command is ignored, but a Command Error condition (CMDERR)
will NOT be generated.

5: This command is useful to determine when an MTP programming cycle has completed.
6: This command can be either normal voltage or high voltage.

7: The MTP write cycle starts after the CS rising edge. A High-Voltage command requires the HVC pin to be at
V iy for the entire command, until the completion of the MTP write cycle.

© 2019 Microchip Technology Inc. DS20006160A-page 69




MCP48CXBXX

71 Command Byte

The Command Byte has three fields, the Address (5
bits), the Command (2 bits), and 1 Reserved bit, see
Figure 7-1.

The device memory is accessed when the master
sends a proper Command Byte to select the desired
operation. The memory location getting accessed is
contained in the Command Byte’s AD4:ADO bits. The
action desired is contained in the Command Byte’s
C1:CO bits, see Figure 7-5. C1:CO determines if the
desired memory location will be read or written.

As the Command Byte is loaded into the device (on
the SDI pin), the device’s SDO pin drives. The SDO
pin will output high bits for the first seven bits of that
command. On the 8th bit, the SDO pin will output the
CMDERR bit state.

7.2 Data Bytes

The Read and Write commands use Data Bytes, see
Figure 7-1. The D16 bit is currently unused, and
corresponds to the position on the SDO data of the
CMDERR bit.

7.3 Error Condition

The CMDERR bit indicates if the five address bits
received (AD4:AD0O) and the two command bits
received (C1:C0) are a valid combination. The
CMDERR bit is high if the combination is valid and low
if the combination is invalid.

The command error bit will also be low if a write to a
nonvolatile address has been specified and another
SPI command occurs before the CS pin is driven
inactive (V|y)-

SPI commands that do not have a multiple of 24
clocks are ignored.

Once an error condition has occurred, any following
commands are ignored. All following SDO bits will be
low until the CMDERR condition is cleared by forcing
the CS pin to the Inactive state (V|y) or doing a POR.

7.31 ABORTING A TRANSMISSION

All SPI transmissions must have the correct number of
SCK pulses to be executed. The command is not
executed until the complete number of clocks have
been received. Some commands also require the CS
pin to be forced inactive (V|y). If the CS pin is forced to
the Inactive state (V|y), the serial interface is reset.
Partial commands are not executed.

SPI is more susceptible to noise than other bus
protocols. The most likely case is that this noise
corrupts the value of the data being clocked into the
MCP48CXBXX or the SCK pin is injected with extra
clock pulses. This may cause data to be corrupted in
the device, or a command error to occur, since the
address and command bits were not a valid combina-
tion. The extra SCK pulse will also cause the SPI data
(SDI) and clock (SCK) to be out of sync. Forcing the
CS pin to the Inactive state (V|4) resets the serial inter-
face. The SPI interface will ignore activity on the SDI
and SCK pins until the CS pin transition to the active
state is detected (V| to V|.).

Note 1: When the MCP48CXBXX does not
receive data, it is recommended that the
CS pin be forced to the inactive level (V).

7.4 Continuous Commands

The device supports the ability to execute commands
continuously. While the CS pin is in Active state (V,.),
any sequence of valid commands may be received.

The following example is a valid sequence of events:
1. CS pin driven active (V)

Read command

Write command (Volatile memory)

Write command (Nonvolatile memory)

CS pin driven inactive (V)

ok wn

Note 1: While the CS pin is active, only one type of
command should be issued. When
changing commands, it is recommended
to take the CS pin inactive then force it
back to the active state.

2: Long command strings should be broken
down into shorter command strings. This
reduces the probability of noise on the
SCK pin corrupting the desired SPI
command string.

7.5 Write Command

The Write command is a 24-bit command. The Write
command can be issued to both the volatile and non-
volatile memory locations. The format of the command
is shown in Figure 7-2.

A Write command to a volatile memory location
changes that location after a properly formatted Write
command (24-clock) has been received.

A Write command to a nonvolatile memory location will
only start a write cycle after a properly formatted Write
command (24-clock) has been received and the CS
pin transitions to the Inactive state (V|y).

Note: Writes to volatile memory locations depend
on the state of the WiperLock™ Technology
bits.
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7.5.1 SINGLE WRITE TO VOLATILE

MEMORY

The write operation requires that the [ pin be in the
Active state (V). Typically, the CS pin is in the Inac-
tive state (Vi) and is driven to the Active state (V).
The 24-bit Write command (Command Byte and Data
Bytes) is then clocked in on the SCK and SDI pins.
Once all 24 bits have been received, the specified
volatile address is updated. A write will not occur if the
Write command isn’'t exactly 24 clocks pulses. This
protects against system issues from corrupting the
nonvolatile memory locations.

Figure 7-2 shows the waveform for a single write.

7.5.2 SINGLE WRITE TO NONVOLATILE

MEMORY

The sequence to write to a single nonvolatile memory
location is the same as a single write to volatile
memory with the exception that before the command,
the HVC pin must be driven to V4. After the
command, the CS pin is driven inactive (V,4), which
then starts the MTP write cycle (). The HVC pin
must remain at the V,yy level until the completion of
the MTP write cycle.

A write cycle will not start if the write command isn’t
exactly 24 clock’s pulses. This protects against system
issues from corrupting the nonvolatile memory
locations.

After the CS pin is driven inactive (V,y), the serial
interface may immediately be re-enabled by driving
the CS pin to the Active state (V).

During an MTP write cycle, only serial commands to
volatile memory are accepted. All other serial
commands are ignored until the MTP write cycle (t,)
is completed. The MTPMA bit in the Status register
indicates the status of an MTP Write Cycle.

Once a Write command to a nonvolatile memory
location has been received, NO other SPI commands
should be received before the CS pin transitions to the
Inactive state (V,4) or a Command Error (CMDERR)
on the current SPI command occurs.

The write to a Nonvolatile Memory command has the
same format as the write to a Volatile Memory
command (see Figure 7-2).

A

12-bit data ———»p
10-bit data ——»
<4— 8-bit data —»

A

< |CMDERR

AD|AD|AD|AD|AD

DD/ D|ID/D/D|D/D|D|D|D
10|09|08 (07|06 |05|04|03(02|01|00

spH|4(3[2]|1]0

*
*
*
*
*

* * * * * * * * * * * (1)

SDO

101]01]1 Valid(@)

*
*
Aol 0
alalo|loO

ofojO0|O0]|O

olojo|lo|o|o|lo|lo]|0]| O] O |Invald®

For Write commands addressing the DAC Wiper Registers, the Data bits depend on the
resolution of the device: 12-bit = D11:D00, 10-bit = D09:D00, and 8-bit = DO7:D00.

Data are right justified for easy Host Controller operation (no data manipulation before
transmitting the desired value). The unimplemented bits are ignored.

2: After a valid memory address and a Write command byte are received (CMDERR = ‘1), all
the following SDO bits will be output as ‘1°.

3: If an Error Condition occurs (CMDERR = 0°), all the following SDO bits will be output as ‘0’
until the CMDERR condition is cleared (the CS pin is forced to the Inactive state).

FIGURE 7-2:

Write Single Memory Location Command - SDI and SDO States.
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7.5.3 CONTINUOUS WRITES TO 754 CONTINUOUS WRITES TO
VOLATILE MEMORY NONVOLATILE MEMORY

Continuous writes are possible only when writing to Continuous writes to nonvolatile memory are not

the volatile memory registers. allowed, and attempts to do so will result in a

Figure 7-3 shows the sequence for three continuous command error (CMDERR) condition.

writes. The writes do not need to be to the same
volatile memory address.

811 < 12-bit data ——»
a < 10-bit data ——»
3 «———  8-bitdata—»
AD|AD|AD|AD|AD| C [ C |y |y | x | x | x D/D|/D|(D|D|D|[D|D|D|D|D
spi|4[3|2]1]0]1]0 11(10|09|08|07|06|05|04|03|02|01|00
* * * O O * * * * * * * * * * * * * * * * * (1)
sool 11ttt {111 1]1|valid®
111]1]{1]1]1]1]0]o|0o]|o|0|0|0|0|0]O|O0|O0]|0O|O0|O0]|O]O |Invald®

L3 [AD|AD|AD|AD|AD| C | C |y [y |y || x DID|/D(D|D|D|D|D|D|D|D
spi[4|3|2]1]0|1]0 11110|09|08]07 |06 [ 05|04 |03 |02|01|00
* * * * 0 0 * * * * * * * * * * * * * * * * * (1)
1111 1Tttt a1 |vaid®
SDO n 3
@)o|lojo|o|o|lo|®|lo|o|o|o|o|lOo|O|O]|]O|O|O|O|O]|O|O]O [Invalid®

I—} AD|AD|AD|AD|AD

spL|4(3[2|1]0 SRR E R

* * * * * * * * * * * * * * * * * (1)

1111|1111t [1]1]1]1]1]valid®
@lojo|o|ofo|o|o|loflo|o|O|[O|O0O|O|O]O |Invalid®

*

*

*
o|l=a|o|=0
o|l=|lo|lo O

SDO

Note 1: For Write commands addressing the DAC Wiper Registers, the Data bits depend on the
resolution of the device: 12-bit = D11:D00, 10-bit = D09:D00, and 8-bit = D07:D00.
Data are right justified for easy Host Controller operation (no data manipulation before
transmitting the desired value). The unimplemented bits are ignored.

2: After a valid memory address and a Write command byte are received (CMDERR = ‘1), all
the following SDO bits will be output as ‘1°.

3: If an Error Condition occurs (CMDERR = ‘0’), all the following SDO bits will be output as ‘0’
until the CMDERR condition is cleared (the CS pin is forced to the Inactive state).

4: This CMDERR bit will be forced to ‘0’, regardless if this Address + Command combination
is valid. This command will not be completed and requires the CS pin to return to V| to clear
the CMDERR condition.

FIGURE 7-3: Continuous Write Sequence (Volatile Memory Only).
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7.6

The Read command is a 24-bit command. The Read
command can be issued to both the volatile and
nonvolatile memory locations. The format of the
command is shown in Figure 7-4.

Read Command

The first 7 bits of the Read command determine the
address and the command. The 8th clock will output
the CMDERR bit on the SDO pin. For the remaining 16
clocks, the device will transmit the data bits of the
specified address (AD4:ADO).

Figure 7-4 shows the SDI and SDO information for a
Read command.

During an MTP write cycle, the Read command can
only be issued to the volatile memory locations. By
reading the Status register, the Host Controller can
determine when the write cycle has been completed
(via the state of the MTPMA bit).

7.6.1 SINGLE READ

The read operation requires that the [ pin be in the
Active state (V). Typically, the CS pin will be in the
Inactive state (V|y) and is driven to the Active state
(VL) The 24-bit Read command (Command Byte and
Data Word) is then clocked in on the SCK and SDI pins.
The SDO pin starts driving high (V|4) when the CS goes
active and starts driving data on the 8th bit (CMDERR
bit); the addressed data comes out on the 9th through
24th clocks.

g:: < 12-bit data ——»

a < 10-bit data ——»

3 «——— 8-bitdata—>

AD|ADIAD|AD|AD| C | C |y |y |y |x|x|D|D|D|D[D|D|D|D|D|D|D|D

spi|4|3[2]1]|0f1]0 11|10|09|08|07 |06 | 05|04 |03 |02|01|00
SDO1 111110111 0/0|0|0|d|d|d|d|[d|d|d|[d]|d]|d]|d]d][Vald®
111]1(1]|1|1]|1]0|0o|o|o|o|o|o|0|O]|O|O|O|O|O]|O|O]O [Invalid®

The Data bits depend on the resolution of the device: 12-bit = D11:D00,

10-bit = D09:D00, and 8-bit = D07:D00.

The unimplemented bits are output as ‘0’ and data are right justified for easy Host Controller
operation (no data manipulation after reading the register value).

2: If an Error Condition occurs (CMDERR = ‘0’), all the following SDO bits will be output as ‘0’

until the CMDERR condition is cleared (the CS pin is forced to the Inactive state).

FIGURE 7-4:

Read Single Memory Location Command - SDI and SDO States.

© 2019 Microchip Technology Inc.
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7.6.2 CONTINUOUS READS

Continuous reads allows the devices memory to be
read quickly. Continuous reads are possible to all
memory locations. Read commands may only access
volatile memory locations during an MTP Write Cycle.

Figure 7-5 shows the sequence for three continuous
reads. The reads do not need to be to the same
memory address.

811 < 12-bit data ——»

a < 10-bit data ——»

3 «———  8-bitdata—»

AD|AD|AD|AD|AD|C | C |l |y |y |x|x|D[D[D[D[DDIDID|D|D|D|D

spi|4[3|2]1]0]1]0 11(10|09|08|07|06|05|04|03|02|01|00

PO R olo = ===« == *|*[*]*][*|*[*]*|*]~
sool ofof{ojof[1 111111 [1]1]1[1]1]vald?
111]1]{1]1]1]1]0]o|o]|o|o|o|0|0]|0]O0|O0|0]|0O]|0]|0]|O0]O |Invald®?®

spL|4(3|2|1]0

1(ojof{o|of[1 (1|1 |[1[1{a]1[1]1]1]1]1]vald?

SDO 3 iq(2
®lojojo|lo|lo|o|o|o|lo|o|lo|O|O|O]|O]O |Invalid?®

I—} AD|AD|AD|AD|AD

spL|4(3[2|1]0

*
*
*
*
o|l=]lo|=0
o|~|lOo|Oo O
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

X[X|X|X[X

* * * * * * * * * * * * * * * * *

1(ofjofo|o 1111111 [1]1]1]1]1]vald?

SDO 3 iq(2
Glo|lo|lo|o|o|o|o|oflo|o|o|o|O|O]|O]O]Invalid®

*

*
o|l=a|o|=0
o|l=|lo|lo O

0jo0o|0|0]O

Note 1: The Data bits depend on the resolution of the device: 12-bit = D11:D00,
10-bit = D09:D00, and 8-bit = D07:D00.
The unimplemented bits are output as ‘0’ and data are right justified for easy Host Controller
operation (no data manipulation after reading the register value).

2: If an Error Condition occurs (CMDERR = ‘0’), all the following SDO bits will be output as ‘0’
until the CMDERR condition is cleared (the CS pin is forced to the Inactive state).

3: This CMDERR bit will be forced to ‘0’, regardless if this Address + Command combination
is valid. This command will not be completed and requires the CS pin to return to V| to clear
the CMDERR condition.

FIGURE 7-5: Continuous Read Sequence.
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8.0 TYPICAL APPLICATIONS

The MCP48CXBXX devices are general purpose,
single/dual-channel voltage output DACs for various
applications where a precision operation with low power is
needed.

Applications generally suited for the devices are:

» Set Point or Offset Trimming

» Sensor Calibration

» Portable Instrumentation (Battery-Powered)
* Motor Control

8.1 Design Considerations

In the design of a system with the MCP48CXBXX
devices, the following considerations should be taken
into account:

¢ Power Supply Considerations
¢ Layout Considerations

8.1.1 POWER SUPPLY
CONSIDERATIONS

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

The power supply to the device is also used for the
DAC voltage reference internally if the internal Vpp is
selected as the resistor ladder’s reference voltage.

The typical application requires a bypass capacitor in
order to filter high-frequency noise, which can be
induced onto the power supply's traces. The bypass
capacitor helps to minimize the effect of these noise
sources on signal integrity.

Any noise induced on the Vpp line can affect the DAC
performance. Typical applications require a bypass
capacitor in order to filter out high-frequency noise on
the Vpp line. The noise can be induced onto the power
supply’s traces or as a result of changes on the DAC out-
put. The bypass capacitor helps to minimize the effect of
these noise sources on signal integrity. Figure 8-1
shows an example of using two bypass capacitors (a
10 uF tantalum capacitor and a 0.1 yF ceramic capaci-
tor) in parallel on the Vpp line. These capacitors should
be placed as close to the Vpp pin as possible (within
4 mm). If the application circuit has separate digital and
analog power supplies, the Vpp and Vgg pins of the
device should reside on the analog plane.

VDDOI—l—mE ® SDI
C4 C, @E 9] SCK ) .
—VQ; SDO "To MCU'
VREFE E’—-—» .

Vourto[4 7 }ﬁ
énaloggo_ v, Vss
Utpu. Qiﬂg @

LAT/HVC

* Optional *

MCP48CXBX2

a) Circuit when Vpp is selected as reference.
DD
(Note: Vpp is connected to the reference circuit internally.)

L L

e\ : :
Vo ) SDI : .
Cs[7 9| SCK . :

! Optional ! | v/
------ ouT1
o —| 5

éﬂ?,';%?o MCP48CXBX2

.i..

:Cgvr 534:
'+ Optional *

(b) Circuit when external reference is used.

Cq: 0.1 pF capacitor Ceramic

Tantalum

C,: 10 pyF capacitor

Cs: ~0.1pF = Optional to reduce noise
in Voyr pin.

C4: 0.1 pF capacitor = Ceramic

Cs: 10 yF capacitor = Tantalum

Cq: 0.1 pF capacitor = Ceramic

FIGURE 8-1: Example Circuit.
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8.1.2 LAYOUT CONSIDERATIONS

Several layout considerations may be applicable to
your application. These may include:

* Noise
* PCB Area Requirements

8.1.2.1 Noise

Inductively-coupled AC transients and digital switching
noise can degrade the input and output signal integrity,
potentially masking the MCP48CXBXX'’s performance.
Careful board layout minimizes these effects and
increases the Signal-to-Noise Ratio (SNR). Multilayer
boards utilizing a low-inductance ground plane,
isolated inputs, isolated outputs and proper decoupling
are critical to achieving the performance that the silicon
is capable of providing. Particularly harsh
environments may require shielding of critical signals.

Separate digital and analog ground planes are
recommended. In this case, the Vgg pin and the ground
pins of the Vpp capacitors must be terminated to the
analog ground plane.

Note: Breadboards and wire-wrapped boards
are not recommended.

8.1.2.2 PCB Area Requirements

In some applications, PCB area is a criteria for device
selection. Table 8-1 shows the typical package
dimensions and area for the different package options.

TABLE 8-1:  PACKAGE FOOTPRINT(")
Package Package Footprint
Dimensions
0
£ | Type | Code (mm) Area (mm?)

Length | Width
10 | MSOP UN 3.00 | 4.90 14.70
10 |DFN MF 3.00 3.00 9.00
16 |QFN MG 3.00 3.00 9.00

Note 1: Does not include recommended land
pattern dimensions. Dimensions are
typical values.
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8.2 Application Examples

The MCP48CXBXX devices are rail-to-rail output
DACs designed to operate with a Vpp range of 2.7V to
5.5V. The internal output amplifier is robust enough to
drive  common, small-signal loads directly, thus
eliminating the cost and size of the external buffers for
most applications. The user can select the gain of 1 or
2 of the output op amp by setting the Configuration
register bits. The internal Vpp or an external reference
can be used. Various user options and easy-to-use
features that make the devices suitable for various
modern DAC applications.

Application examples include:

» Decreasing Output Step Size

 Building a “Window” DAC

* Bipolar Operation

+ Selectable Gain and Offset Bipolar Voltage Output
» Designing a Double-Precision DAC

+ Building Programmable Current Source

+ Serial Interface Communication Times

* Development Support

» Power Supply Considerations

+ Layout Considerations

8.2.1 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 MCP48CVB2X provides 4096 output
steps. If voltage reference is 4.096V (where GX = ‘0’),
the LSb size is 1 mV. If a smaller output step size is
desired, a lower external voltage reference is needed.

8.2.1.1 Decreasing Output Step Size

If the application calibrates the bias voltage of a diode
or transistor, a bias voltage range of 0.8V may be
desired with about 200 uV resolution per step. Two
common methods to achieve small step size are to use
a lower Vg pin voltage or a voltage divider on the
DAC’s output.

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

Figure 8-2 illustrates this concept. A 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.

| Vrer

sPl = 1 L
2-wire ) )
FIGURE 8-2: Example Circuit Of Set Point
or Threshold Calibration.
EQUATION 8-1:  Vgoyt AND Vigip
CALCULATIONS
DAC Register Value
Vour=Veger*G* Py
— (L]
trip OUT\ R J +R 5
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8.2.1.2 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
toincrease the resolution around the desired threshold.

If the threshold is not near Vggp, 2 * VRer, of Vgg, 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. Figure 8-3 and Figure 8-5 illustrate
this concept.

Optional’

Rsense
: VREF : Vbb

SPI b =L

8.3 Bipolar Operation

Bipolar operation is achievable by utilizing an external
operational amplifier. This configuration is desirable
due to the wide variety and availability of op amps. This
allows a general purpose DAC, with its cost and
availability advantages, to meet almost any desired
output voltage range, power and noise performance.

Figure 8-4 illustrates a simple bipolar voltage source
configuration. R4 and R, allow the gain to be selected,
while Rz and R4 shift the DAC's output to a selected
offset. Note that R4 can be tied to Vpp instead of Vgg if
a higher offset is desired.

"Optional!
| Vrer ! Vop

2-wire Vee—
FIGURE 8-3: Single-Supply “Window”
DAC.
EQUATION 8-2:  Vgut AND Vigip
CALCULATIONS

DAC Register Value

Vour=Verer*G*

2N
y o TourRas T VasR,
TRIP Rl + R23
R2R3
R =
. 2 R, +R,
Thevenin
Equivalent (VeeiRy) + (Ve R3)
= R+ Ry
Ry
Vour—\W\~ Virip
Ras
Va3

FIGURE 8-4: Digitally-Controlled Bipolar
Voltage Source Example Circulit.

EQUATION 8-3:  Vgyr Voass AND Vg
CALCULATIONS
DAC Register Value
Vour=Vrer*G* N
yoo Vour * Ry
OA+ — R3 +R4
Vo Voo (14 ~2) %
= o (] + —)_ o (—
0=Vou+*( R1) DD (R1)
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8.4 Selectable Gain and Offset Bipolar
Voltage Output

In some applications, precision digital control of the
output range is desirable. Figure 8-5 illustrates how to
use the DAC devices to achieve this in a bipolar or
single-supply application.

This circuit is typically used for linearizing a sensor
whose slope and offset varies.

The equation to design a bipolar “window” DAC would
be utilized if R3, R4 and Rg are populated.

8.4.1 BIPOLAR DAC EXAMPLE

An output step size of 1 mV, with an output range of
+2.05V, is desired for a particular application.

Step 1: Calculate the range: +2.05V — (-2.05V) = 4.1V
Step 2: Calculate the resolution needed:
4.1V/1 mV = 4100
Since 2'2 = 4096, 12-bit resolution is desired.
Step 3: The amplifier gain (R,/R4), multiplied by
full-scale Vout (4.096V), must be equal to
the desired minimum output to achieve bipo-
lar operation. Since any gain can be realized
by choosing resistor values (Rq+ Ry), the
VRer value must be selected first. If a Vger
of 4.096V is used, solve for the amplifier’s
gain by setting the DAC to 0, knowing that
the output needs to be -2.05V.

The equation can be simplified to:

"Optional!
| Vect |
Optional’ | |
| Vrer | Vop | Rs |

EQUATION 8-4:
Ko 205 Bt
R, .09V R, 2

If R4 =20 kQ and R, = 10 kQ, the gain will be 0.5.

Step 4: Next, solve for R3 and R4 by setting the
DAC to 4096, knowing that the output
needs to be +2.05V.

EQUATION 8-5:
Ry 205V +(0.5-4.096V) _ 2
(R, + R, 1.5 -4.096V 3

If R4 = 20 kQ, then R3 = 10 kQ

FIGURE 8-5: Bipolar Voltage Source with
Selectable Gain and Offset.

EQUATION 8-6: Vout Voa+ AND Vg
CALCULATIONS
DAC Register Value
Vour = Veer* G * N

yo Vour* Ryt Vee. * Rs
odr Ry + Ry

R R,
Vo=Vous (1 + —2-Viyo( —
R, R,

A

Offset Adjust  Gain Adjust

BIPOLAR “WINDOW” DAC
USING R4 AND Rg

EQUATION 8-7:

Thevenin VeerRy + Ve Rs
Equivalent Vis T R,tR,

__ VourRys + VysR;
Nt T TR TR
+ R;+Rys
 R,R;
R, TR,

RZ RZ
Vo = V1N+(Z + R_) - VA(R—)

Offset Adjust Gain Adjust
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8.5 Designing a Double-Precision
DAC

Figure 8-6 shows an example design of a single-supply
voltage output capable of up to 24-bit resolution. This
requires two 12-bit DACs. This design is simply a
voltage divider with a buffered output.

As an example, if a similar application to the one
developed in Section 8.4.1 “Bipolar DAC Example”
required a resolution of 1 yV instead of 1 mV, and a
range of OV to 4.1V, then a 12-bit resolution would not
be adequate.

Step1: Calculate the resolution needed:

4.1V/1uV =4.1x 10°

Since 222 =4.2 x 106, a 22-bit resolution is
desired. Since DNL = +1.0 LSb, this design
can be attempted with the 12-bit DAC.

Step2: Since DAC1's Vgyt4 has a resolution of
1 mV, its output only needs to be “pulled”
1/1000 to meet the 1 pV target. Dividing
VouTto by 1000 would allow the application
to compensate for DAC1’s DNL error.

Step3: If Ryis 100Q, then R4 needs to be 100 kQ.

Step4: The resulting transfer function is shown in
Equation 8-8.

Optional!

| Vrer! Vo

Optional’ Vout

| Vrer | Vop

SPI
2-wire
FIGURE 8-6: Simple Double Precision
DAC Using MCP48CVBX2.
EQUATION 8-8: Vout CALCULATION
v Vouro *Ro* Vours *R;
our R;+R,
Where:

Vouto = (Vrer * G * DACO register value)/4096
Voutt = (Vrer * G * DAC1 register value)/4096

GX = Selected Op Amp Gain

8.6 Building Programmable Current
Source

Figure 8-7 shows an example of building a
programmable current source using a voltage follower.
The current sensor resistor is used to convert the DAC
voltage output into a digitally-selectable current source.

The smaller Rggnsg is, the less power is dissipated
across it. However, this also reduces the resolution that
the current can be controlled at.

TOptional! (or Vrgr)
| Vrer | Vpp

SPI

Vour p

I, =

ey

RS@}’ISE

where § = Common-Emitter Current Gain

FIGURE 8-7:
Source.

Digitally-Controlled Current

8.7 Serial Interface Communication
Times

Table 7-2 shows the time/frequency of the supported
operations of the SPI Serial Interface for the different
serial interface operational frequencies. This, along
with the Vot output performance (such as slew rate),
would be used to determine your application’s volatile
DAC register update rate.
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9.0 DEVELOPMENT SUPPORT

Development support can be classified into two groups:

» Development Tools
» Technical Documentation

9.1

Several development tools are available to assist in the
design and evaluation of the MCP48CXBXX devices.
The currently available tools are shown in Table 9-1.

Figure 9-1 shows how the ADM00309 bond-out PCB
can be populated to easily evaluate the MCP48CXBXX
devices. Device evaluation can use the PICkit™ Serial
Analyzer to control the DAC output registers and state
of the Configuration, Control and Status register.

Development Tools

TABLE 9-1:

DEVELOPMENT TOOLS (Note 1)

The ADMO00309 boards may be purchased directly
from the Microchip web site at www.microchip.com.

9.2

Several additional technical documents for design and
development are available. These technical
documents include Application Notes, Technical Briefs,
and Design Guides. Table 9-2 lists some of these
documents.

Technical Documentation

Board Name

Part #

Comment

MSOP-8 and MSOP-10 Evaluation Board

ADMO00309

The MSOP-10 and MSOP-8 Evaluation Board is a
bond-out board that allows the system designer to
quickly evaluate the operation of Microchip
Technology’s devices in any of the following packages:
* MSOP (8/10-pin)

* DIP (10-pin)

Note 1: Supports the PICkit™ Serial Analyzer. See the User’s Guide for additional information and requirements.
TABLE 9-2: TECHNICAL DOCUMENTATION

Application - .

Note Number Title Literature #
AN1326 Using the MCP4728 12-Bit DAC for LDMOS Amplifier Bias Control Applications DS01326
— Signal Chain Design Guide DS21825
— Analog Solutions for Automotive Applications Design Guide DS01005

© 2019 Microchip Technology Inc.
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MCP48CXBXX

MCP48CXBXX in MSOP-10 package
installed in U1 footprint

Connected to
Digital Ground Connected to
(DGND) Plane Digital Power (V| ) Plane

10

Vbp - . [ |so

__ ° 9
CS [ | sck

8
VRer [ [spo

7
Vouro )] [ Vss
PO6 [

NC/VouT1 [0 |LATHVC

IN-00s

9as-1as
1387435

J0HIIW
00000000000

:

Two wire jumpers to connect the

PICKit™ Serial Interface (SPI) to device pins 1x 6 male header, with 90 right angle

FIGURE 9-1: MCP48CXBXX Evaluation Board Circuit Using ADM00309.
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10.0 PACKAGING INFORMATION

10.1 Package Marking Information
10-Lead MSOP Example

L] I

XXXXXX 48CV01
YWWN N N 908256

- B o B
JUUL JUU

10-Lead 3 x 3 mm DFN Example

Part Number Code

XXXX MCP48CVB01-E/MF BAKH BAKH
MCP48CVB11-E/MF BAKL 1908

YYWW MCP48CVB21-E/MF BAKN 256
| N N N MCP48CVB02-E/MF BAKJ |
| MCP48CVB12-E/MF BAKM |

N Ne—
== MCP48CVB22-E/MF BAKP == == P
PIN 1 MCP48CMBO01-E/MF BAKB PIN 1
MCP48CMB11-E/MF BAKD
MCP48CMB21-E/MF BAKF
MCP48CMB02-E/MF BAKC
MCP48CMB12-E/MF BAKE
MCP48CMB22-E/MF BAKG

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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16-Lead 3 x 3 mm QFN

LT LT LI L]

PIN‘]J

N . XXX i Part Number Code
r " MCP48CVB01-E/MG ANN
K YYWW d  [wmcrascve11-EMG APP
B d  [mcrascvB21-E/MG ARR
B NNN 0 |mMcP4scvB02-E/MG AAK
R MCP48CVB12-E/MG AAL
MCP48CVB22-E/MG AAM

MCP48CMBO1-E/MG AKK

MCP48CMB11-E/MG ALL

MCP48CMB21-E/MG AMM

MCP48CMBO02-E/MG AAG

MCP48CMB12-E/MG AAH

MCP48CMB22-E/MG AAJ

Example

LI LT LI L]

ANN
@

1908
256

PN

| I [ [y S [y |
1 r1r3r3

i I e O o N i |

DS20006160A-page 84

© 2019 Microchip Technology Inc.



MCP48CXBXX

10-Lead Plastic Micro Small Outline Package (UN) [MSOP]

Note: Forthe most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

B 2x
2 S0zl

|
I I T

N/2
[ o25[C]

|
|E|—>‘ -— —| [-=— NXDb

[¢]o.13@[c[A8]D]

TOP VIEW

(1]0.10(C

PR @Mﬁ {
—_— SEATING PLANE
SIDE VIEW
A1

/
=

!

o]

p{=]

1
—] L

END VIEW

Microchip Technology Drawing C04-021C Sheet 1 of 2
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10-Lead Plastic Micro Small Outline Package (UN) [MSOP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

SEATING

PLANE

(L)

Notes:

DETAILC

Units MILLIMETERS

Dimension Limits]  MIN [ NOM | MAX
Number of Pins N 10
Pitch e 0.50 BSC
Overall Height A - - 1.10
Molded Package Thickness A2 0.75 0.85 0.95
Standoff A1 0.00 - 0.15
Overall Width E 4.90 BSC
Molded Package Width E1 3.00 BSC
Overall Length D 3.00 BSC
Foot Length L 040 | 060 [ 0.80
Footprint L1 0.95 REF
Foot Angle % 0° - 8°
Lead Thickness C 0.08 - 0.23
Lead Width b 0.15 - 0.33

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed 0.15mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-021C Sheet 2 of 2
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10-Lead Plastic Micro Small Outline Package (UN) [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

y q—
N I \ SILK

_—. L L SCREEN

GX

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits]  MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Contact Pad Spacing C 4.40
Overall Width Z 5.80
Contact Pad Width (X10) X1 0.30
Contact Pad Length (X10) Y1 1.40
Distance Between Pads G1 3.00
Distance Between Pads GX 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2021A
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10-Lead Plastic Dual Flat, No Lead Package (MF) - 3x3x0.9mm Body [DFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

(DATUM A) —

(DATUM B) —

77777
77
SIS
2X //////
Noas[c]l Vo0 00
ox 1 2
E 0151C NOTE 1
TOP VIEW
//To10]C *

L_—.—.—.—.—.— J_LA_ ‘
SEATINGPLANE ) _f R _f ? ﬂ o

SIDE VIEW E

[$]o.10®]c[A[8]

D2
NOTE 1 \K_ |
l\l@ NN
[@©o.10M[c[A[B] * R L EXPOSED PAD

NN\ ]
3 &\\\\\}! (DATUM A)

* | (DATUM B) *
1oxi TM _f

10X b
o.10@[c[A[B]
¢ 0.05(|C

BOTTOM VIEW

Microchip Technology Drawing No. C04-063C Sheet 1 of 2
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10-Lead Plastic Dual Flat, No Lead Package (MF) - 3x3x0.9mm Body [DFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
NOTE 2
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Pins N 10
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Length D 3.00 BSC
Exposed Pad Length D2 215 | 235 | 245
Overall Width E 3.00 BSC
Exposed Pad Width E2 1.40 1.50 1.75
Contact Width b 0.18 0.25 0.30
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

Package may have one or more exposed tie bars at ends.

2.
3. Package is saw singulated.
4.

Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing No. C04-063C Sheet 2 of 2
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10-Lead Plastic Dual Flat, No Lead Package (MF) - 3x3x0.9mm Body [DFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

E

*LH0000+
Tk

X1 —= ‘<— SILK SCREEN

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 2.48
Optional Center Pad Length T2 1.55
Contact Pad Spacing C1 3.10
Contact Pad Width (X10) X1 0.30
Contact Pad Length (X10) Y1 0.65
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2063B
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16-Lead Plastic Quad Flat, No Lead Package (MG) - 3x3x0.9 mm Body [QFN]

Note:
http://www.microchip.com/packaging

For the most current package drawings, please see the Microchip Packaging Specification located at

o]
]
i
[
—- - . -1 E
7
Sy A
B 70
2X NOTE|1 N
NJo5]c
TOP VIEW
* //10.10|C
[ |
SEATING PLANE = =
16X
vy wd P UewnE
(DATUMB) —— —| D2 |=—[&]o10®@][c][A]B]
'~'—~_—(N_\ NOTE 1
I\ v 1 DATUM A)
[Elo0@c]Al)) L NN ‘
Sa 2t
E2 — \S ,> AN\ IEI

f

—— 16X b
& 0.10M[c|A[B]
0.05(M|C
BOTTOM VIEW
Microchip Technology Drawing C04-142A Sheet 1 of 2
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16-Lead Plastic Quad Flat, No Lead Package (MG) - 3x3x0.9 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN__ [ NOM [ MAX
Number of Pins N 16
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 3.00 BSC
Exposed Pad Width E2 1.00 | 110 | 150
Overall Length D 3.00 BSC
Exposed Pad Length D2 1.00 1.10 1.50
Contact Width b 0.18 0.25 0.30
Contact Length L 0.25 0.35 0.45
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-142A Sheet 2 of 2
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16-Lead Plastic Quad Flat, No Lead Package (MG) — 3x3x0.9 mm Body [QFN]

Note: Forthe most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
C1
—— \\/2 —
| P
*1 U UU 1
I I
r E
ol D C o
PO o
(‘\ N
- - Y1
U 9
X1 t
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits]  MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 1.20
Optional Center Pad Length T2 1.20
Contact Pad Spacing C1 2.90
Contact Pad Spacing C2 2.90
Contact Pad Width (X16) X1 0.30
Contact Pad Length (X16) Y1 0.80
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2142A
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APPENDIX A: REVISION HISTORY

Revision A (February 2019)

+ Original release of this document.
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APPENDIX B: TERMINOLOGY

B.1 Resolution

The resolution is the number of DAC output states that
divide the full-scale range. For the 12-bit DAC, the
resolution is 2'2, meaning the DAC code ranges from
0 to 4095.

Note:  When there are 2N resistors in the resistor
ladder and 2N tap points, the full-scale
DAC register code is the resistor element
(1 LSb) from the source reference voltage

(Vpp or VREF)-

B.2 Least Significant Bit (LSb)

This is the voltage difference between two successive
codes. For a given output voltage range, it is divided by
the resolution of the device (Equation B-1). The range
may be Vpp (or Vrep) to Vgg (ideal), the DAC register
codes across the linear range of the output driver
(Measured 1), or full-scale to zero-scale (Measured 2).

EQUATION B-1:  LSb VOLTAGE
CALCULATION

Ideal:

_ Vop  Veer
Visbpeary = — O —x
2 2

Measured 1 (12-bit device):

Vour@4osz) — Vourass
(4032 —64)

VLSh(Measured)

Measured 2:

_ Vour@rs) ~ Vourwzs)
N

VLSb

2N = 4096 (MCP48CXB2X)
= 1024 (MCP48CXB1X)
= 256 (MCP48CXBOX)

B.3  Monotonic Operation

The monotonic operation means that the device’s
output voltage (Vo) increases with every 1 code step
(LSb) increment (from Vgg to the DAC’s reference
voltage (Vpp or VRef))-

Vse4l
40h + |
Vse3
3Fh+ r |
[
o 3Eh-
© ° ° | | |
S s T o
) Vs3 [
5 03h + — l
= ot = B
V
oth+ —=4 I b
N I [
Ooh T T T T T T
Vw (@ tap)
n="?
Vw =Z\:/Sn +Vzs5(@ Tap 0)
n=0
Voltage (VW ~= VOUT)
FIGURE B-1: VW (VOUT)'

B.4  Full-Scale Error (Egg)

The Full-Scale Error (see Figure B-3) is the error on
the Voyt pin relative to the expected Vqoyt voltage
(theoretical) for the maximum device DAC register
code (code FFFh for 12-bit, code 3FFh for 10-bit, and
code FFh for 8-bit) (see Equation B-2). The error is
dependent on the resistive load on the Vgt pin (and
where that load is tied to, such as Vgg or Vpp). For
loads (to Vgg) greater than specified, the full-scale
error will be greater.

The error in bits is determined by the theoretical voltage
step size to give an error in LSb.

EQUATION B-2: FULL-SCALE ERROR

Fo = Vour@rs) ~ VipearLars)
FS
VisbpEAL)

Where:
Erg is expressed in LSb

VouT(@Fs) is the Voyr voltage when the DAC
register code is at full-scale.

VipeaL(@Fs) is the ideal output voltage when the
DAC register code is at full-scale.

V| sb(peaL) is the theoretical voltage step size.

© 2019 Microchip Technology Inc.
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B.5 Zero-Scale Error (Ezg)

The Zero-Scale Error (see Figure B-2) is the difference
between the ideal and measured V1 voltage with the
DAC register code equal to 000h (Equation B-3). The
error is dependent on the resistive load on the Vg1 pin
(and where that load is tied to, such as Vgg or Vpp). For
loads (to Vpp) greater than specified, the Zero-Scale
Error is greater.

The error in bits is determined by the theoretical voltage
step size to give an error in LSb.

EQUATION B-3: ZERO SCALE ERROR

Eoe = Vour@zs)

A I 7 —
V

LSb(IDEAL)

Where:
Efs is expressed in LSb.

VOUT(@ZS) is the VOUT voltage when the DAC
register code is at Zero-Scale.
V| sb(peaL) is the theoretical voltage step size.

B.6 Total Unadjusted Error (E)

The Total Unadjusted Error (Et) is the difference
between the ideal and measured Vgyr voltage.
Typically, calibration of the output voltage is
implemented to improve the system’s performance.

The error in bits is determined by the theortical voltage
step size to give an error in LSb.

Equation B-4 shows the Total Unadjusted Error
calculation

EQUATION B-4: TOTAL UNADJUSTED

ERROR CALCULATION
E. = (VO UT_Actual(@code) — VO UTJdeal(@code))
T Visb(ideal)
Where:

Er is expressed in LSb.

VOUT_ActuaI(@code) = The measured DAC
output voltage at the
specified code

VoUT Ideal(@code) = The calculated DAC
output voltage at the
specified code

(code * Vi sp(idear) )
Visb(deal) = VRrer/# Steps

12-bit = Vgep/4096

10-bit = Vep/1024

8-bit = VREF/256

B.7  Offset Error (Egsg)

The Offset Error is the delta voltage of the Vgoyr
voltage from the ideal output voltage at the specified
code. This code is specified where the output amplifier
is in the linear operating range; for the MCP48CXBXX
we specify code 64 (decimal). Offset Error does not
include gain error, which is illustrated in Figure B-2.

This error is expressed in mV. Offset Error can be
negative or positive. The error can be calibrated by
software in application circuits.

Actual |
Transfer —»; L1
Function LT
. |

I

|

I

I

|

.

'
.
-

- A .
Zero-Scale & .4 Ideal Transfer

Error (Ezs) y .* ' Function

T 0 64 4032
DAC Input
Offset C Input Code

Error (Eps)

OFFSET ERROR (ZERO

FIGURE B-2:
GAIN ERROR).

B.8  Offset Error Drift (Eggp)

The Offset Error Drift is the variation in Offset Error due
to a change in ambient temperature. The Offset Error
Drift is typically expressed in ppm/°C or pV/°C.

B.9 Gain Error (Eg)

Gain Error is a calculation based on the ideal slope
using the voltage boundaries for the linear range of the
output driver (e.g., code 64 and code 4032) (see
Figure B-3). The Gain Error calculation nullifies the
device’s Offset Error.

The Gain Error indicates how well the slope of the
actual transfer function matches the slope of the ideal
transfer function. The Gain Error is usually expressed
as a percentage of full-scale range (% of FSR) or in
LSb. FSR is the ideal full-scale voltage of the DAC (see
Equation B-5).
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Gain Error (Eg)
+ (@ code =4032)
VREF[ - - - - - - - - - - - i
Actual e v
Transfer —p 1 4 | Full-Scale
'é Function R | Error (Egg)
> : Ideall Transfer
. . | Function shifted by
| 1 Offset Error
/ J° Ideal Transfer !  (crosses at start of
.~ ' Function I defihed linear range)
0 64 4032 4095
DAC Input Code
FIGURE B-3: GAIN ERROR AND FULL-
SCALE ERROR EXAMPLE.

EQUATION B-5: GAIN ERROR EXAMPLE

E. = (VOUT(@4032) B V0S7 VOUTJdeal(@4032)) * 100
G
VFull—Scale Range

Where:

Eg is expressed in % of Full-Scale Range (FSR).

Vout(@4032) = The measured DAC
output voltage at the
specified code.

VOUT_IdeaI(@4032) = The calculated DAC
output voltage at the
specified code.

(4032 * V| gp(ideal))
Vos = Measured offset voltage.
VEul-Scale Range = Expected Full-Scale
output value (such as the
VREF voltage).

B.10 Gain Error Drift (Egp)

The Gain Error Drift is the variation in Gain Error due to
a change in ambient temperature. The Gain Error Drift
is typically expressed in ppm/°C (of FSR).

B.11 Integral Nonlinearity (INL)

The Integral Nonlinearity (INL) Error is the maximum
deviation of an actual transfer function from an ideal
transfer function (straight line) passing through the
defined end-points of the DAC transfer function (after
Offset and Gain Errors have been removed).

For the MCP48CXBXX, INL is calculated using the
defined end-points, DAC code 64 and code 4032. INL
can be expressed as a percentage of FSR or in LSb.
INL is also called relative accuracy. Equation B-6 shows
how to calculate the INL error in LSb and Figure B-4
shows an example of INL accuracy.

Positive INL means a Vgyt voltage higher than the
ideal one. Negative INL means a Vgy1 Vvoltage lower
than the ideal one.

EQUATION B-6: INL ERROR

E _ (VOUT_ VCachdeal)
INL =~y
LSb(Measured)

Where:

INL is expressed in LSb.

Vcalc_deal = Code ™ V| gpMeasured) * Vos
VouT(Code=n) = The measured DAC output
voltage with a given DAC
register code
Vi sb(Measured) = For Measured:

(VouT(4032) - VouT(es))/3968

Vos = Measured offset voltage
7 & ’
INL=<-1LSb [
6 / -
INL =-1LSb ’r
5 o—@
/l.
Analog 4 v
Output J'_. ’
(LSb) 3 INL=0.5LSb J~
) 1.’
I 1 d ,’?
d
4
0 -

000 001 010 011 100 101 110 111
DAC Input Code

- - g = = - |deal Transfer Function
Qe Actual Transfer Function
FIGURE B-4: INL ACCURACY.
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B.12 Differential Nonlinearity (DNL)

The Differential Nonlinearity (DNL) Error (see
Figure B-5) is the measure of step size between codes
in actual transfer function. The ideal step size between
codes is 1 LSb. A DNL Error of zero would imply that
every code is exactly 1 LSb wide. If the DNL Error is
less than 1 LSb, the DAC guarantees monotonic output
and no missing codes. Equation B-7 shows how to cal-
culate the DNL Error between any two adjacent codes
in LSb.

EQUATION B-7: DNL ERROR

_ (VOUT(code =n+l) VOUT(cude = n))
EDNL - -1
V
LSb(Measured)

Where:

DNL is expressed in LSb.
The measured DAC output
voltage with a given DAC
register code
VLSb(Measured) = For Measured:

(Vouros2) - Vour(s4))/3968

VouT(Code = n)

7 DNL=0515b _ {
T
6 t ¥
4. Ve
Ve
5
DNL =2 LSb e
Analog 4 <
Output s
(LSb) 3 |
]
Ve
2 o
e /.
1 e
0o 4L 1

|
000 001 010 011 100 101 110 111
DAC Input Code — p»

- — e — — - ldeal Transfer Function

—e:  Actual Transfer Function
FIGURE B-5: DNL ACCURACY.

B.13 Settling Time

The Settling time is the time delay required for the Voyr
voltage to settle into its new output value. This time is
measured from the start of code transition to when the
Vour voltage is within the specified accuracy.

For the MCP48CXBXX, the settling time is a measure
of the time delay until the Vo1 voltage reaches within
0.5 LSb of its final value, when the volatile DAC register
changes from 1/4 to 3/4 of the FSR (12-bit device: 400h
to COOh).

B.14 Major-Code Transition Glitch

Major-Code ftransition glitch is the impulse energy
injected into the DAC analog output when the code in
the DAC register changes the state. It is normally
specified as the area of the glitch in nV-Sec and is
measured when the digital code is changed by 1 LSb at
the major carry transition (Example: 011...111 to
100... 000,0r100... 000to 011 ... 111).

B.15 Digital Feed-Through

The digital feed-through is the glitch that appears at the
analog output caused by coupling from the digital input
pins of the device. The area of the glitch is expressed
in nV-Sec and is measured with a full-scale change
(Example: all 0s to all 1s and vice versa) on the digital
input pins. The digital feed-through is measured when
the DAC is not being written to the output register.

B.16 -3 dB Bandwidth

This is the frequency of the signal at the Vggp pin that
causes the voltage at the Vgt pin to fall to -3 dB from
a static value on the Vrgpg pin. The output decreases
due to the RC characteristics of the resistor ladder and
the characteristics of the output buffer.

B.17 Power-Supply Sensitivity (PSS)

PSS indicates how the output of the DAC is affected by
changes in the supply voltage. PSS is the ratio of the
change in Vot to a change in Vpp for mid-scale output
of the DAC. The Vg is measured while the Vpp is
varied from 5.5V to 2.7V as a step (Vrgr voltage held
constant) and expressed in %/%, which is the %
change of the DAC output voltage with respect to the %
change of the Vpp voltage.

EQUATION B-8: PSS CALCULATION

PSS = Youvr@s.sv ~ Vour@z.m)” Vour@s.sw
(5.5V—2.7MA35.57)

Where:

PSS is expressed in %/%.
Vout(@s.sv) = The measured DAC output
voltage with Vpp = 5.5V
Vout(@27v) = The measured DAC output
voltage with Vpp = 2.7V
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B.18 Power-Supply Rejection Ratio
(PSRR)

PSRR indicates how the output of the DAC is affected
by changes in the supply voltage. PSRR is the ratio of
the change in Vot to a change in Vpp for full-scale
output of the DAC. The Vgyr is measured while the
Vpp is varied +/-10% (Vrgf voltage held constant) and
expressed in dB or pV/V.

B.19 Vgyt Temperature Coefficient

The Voyt temperature coefficient quantifies the error in
the resistor ladder’s resistance ratio (DAC register
code value) and Output Buffer due to temperature drift.

B.20 Absolute Temperature Coefficient

The absolute temperature coefficient quantifies the
error in the end-to-end output voltage (Nominal output
voltage Vo) due to temperature drift. For a DAC, this
error is typically not an issue due to the ratiometric
aspect of the output.

B.21 Noise Spectral Density

The noise spectral density is a measurement of the
device’s internally generated random noise, and is
characterized as a spectral density (voltage per VHz).
It is measured by loading the DAC to the mid-scale
value and measuring the noise at the Vgoyr pin. It is
measured in nV/VHz.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. x™ X IXX Examples:
T T T a) MCP48CVBO1-E/MF:  1LSb INL Voltage Output
Device Tape and Temperature Package Digital-to-Analog Converter,
Reel Range 8-bit Resolution, Extended
Temperature, 10LD DFN, with
Devi MCP48CXBXX: 1 LSb INL Voltage Output Digital-to-Anal volatile memory.
evice: . oltage Outpu Igital-to-Analo
Comverters, it Sp| ,n”terfac%y 9 | | b) MCP48CVBO1T-E/MF: 1 LSb INL Voltage Output
8/10/12-bit Resolution, Single/Dual Outputs Digital-to-Analog Converter,
and Volatile/MTP Memory 8-bit Resolution, Tape and

Reel, Extended Temperature,
10LD DFN, with volatile
Tape and Reel: T = Tape and Reel memory

a) MCP48CVB12-E/MG: 1LSb INL Voltage Output
Temperature E = -40°Cto+125°C (Extended) Digital-to-Analog Converter,
Range: 10-bit Resolution, Extended
Temperature, 16LD QFN, with
volatile memory.

Package: MF = FlastioDual Flat, Tlo Lead Package (DFN), b) MCP48CVB12T-E/MG:  1LSb INL Voltage Output
X o X 0.9 mm, -Lea .
MG = Plastic Quad Flat, No Lead Package (QFN), Digital-to-Analog Converter,
3x3x0.9mm, 16-Lead 10-bit Resolution, Tape and
UN =  Plastic Micro Small Outline Package (MSOP), Reel, Extended Temperature,
10-Lead 16LD QFN, with volatile
memory.

a) MCP48CMB21-E/UN: 1LSb INL Voltage Output
Digital-to-Analog Converter,
12-bit Resolution, Extended
Temperature, 10LD MSOP,
with nonvolatile memory.

b) MCP48CMB21T-E/UN:  1LSb INL Voltage Output
Digital-to-Analog Converter,
12-bit Resolution, Tape and
Reel, Extended Temperature,
10LD MSOP, with nonvolatile
memory.

Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This
identifier is used for ordering purposes and
is not printed on the device package. Check
with your Microchip Sales Office for package
availability with the Tape and Reel option.
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