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ABSTRACT

A device used for transmitting the analog signal via a 2.4GHz radio wave has been
developed. The hardware consists of the transmitter and the receiver. Both circuits are built with
the CMOS microcontroller, the 2.4GHz RF module and the analog interface boards. The
transmitter accepts the sound signal and converts it to digital data by using the ADC. The digital
data is then sent to RF module through the serial interface. The receiver receives RF data and
converts it to analog signal by using the DAC. Testing is done by measuring the tone signals from
100-500Hz with the range of 10m. The result shows the higher tone frequency, the higher wave

shape distortion.
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Taiifadiu
TuTviuaaaw
A =) a g
«07- lusianuAawaana L

aa J { a '
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“17- iRams sudoyanuAniu Tuvaeisianes SSPBUF danaiidoyaiduog in1d
[ a |aa Jd A A a 4
Joyalugnsiamosvoiluga MSSP ©30 SSPSR gayratiasainina leries Inas
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14
o d| J T -yt s
doaldsumsindedaensguiumsnieeiuas uazez enladeilunsdidedoyaly
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1ia 5 — SSPEN (Synchronous Serial Port Enable bit): iaduaiian1311a1uvodluga MSSP
“0”- denoida
“1"- Butonia

1M 4 — CKP (Clock Polality Select bit): ﬁmﬁan%‘smm&’mucymmﬁm“luiu@a MSSP
Tulviua SPI
“0- aouzisudnvesdyaEnuiuszduanIng
“1- gamzisuduveg Tyaaninuiuszduasings
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msmauveluga MSSP
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4 = a 1w
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“0001” — Tua SPI M1aADS ANUATYIUIRAUNIND Foi /16

“0010” - Trua SPI MaADS ANUATYYIBUIRAUNIND F /64

“0011” — Tnua SPI MN@ABS ANUDTYYIUUIRAWAINY TMR2/2
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]
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9 i
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< a
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' Y
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v
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4
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Y
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v
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M3duesalvua SPI ¥9aluga MSSP
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A A ¥ A o v o Y a
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(4) DONVDVNFYYIWUINN (VOUVIUUNTBVIA)

Y [ a o 4
(5) endasdyaauitn lunsaiaululvuaunanes

(6) 1aon Tnuavesginsaiaan lunsaivrauluTnuaaayl
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[
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517 2.25 Tuga TRW 2.4G

2.10.1 paaniianlives TRW 2.4G

TRW24G I8z tads

A lunslFm 2.4 - 2,542 GHz

fyduvunazaaimSagelunis Su-dedeyags Tasdeuyy
GFSK(GAUSSIAN FREQUENCY SHIFT KEYING)

v o [ v = v

AM153 $1-d e doyagedls 1Mbps,250Kbps fiite #r5u-dads TugaiRgaiu
Taadunvvaduiusiauiuda
amnsadareinudlFnudaeTasunsa 185 125 Fesdam
szgzmalums Su-ae Fynnol 280 m (250Kbps) -150 m (1Mbps) na1auda
nazluf181A13328ENN 50 m

amsnlszgndlderuaisy 18uinue 151 REMOTE CONTROL, 91U
auauusudszey Ina, thenaasding lidesuduaiy, DATA LOGGER
ansadlszgnd1$uuy FULL DUPLEX

YUIA 20.0*36.7*2.4mm



2.10.2 AUaNUAN 199U TRW 2.4 GHz

0 ¢ 0 (31) 0 §
Symbol Parameter Min Type Max Unit
' {condition)
vDD Supply voltage 1.9 3.0 3.6 \Y
TEMP Operating temperature g +27 | +70 C
tas Operating frequency 2400 2527 MHz
Rarsk Data rate direct mode 25 G 1000 Kbps
Feranner | Channel spacing 1 MHz
1voo Supply current one ‘ 18 mA
channel 250Kbps .
Ivop Supply current 19 mA
one channel 1000Kbps
Ivoo Supply current (23 mA
two channels 250Kbps ' | .
Tvoo Supply cuirent two 25 mA
i channels 1000Khps
RXsens | Sensltivity 11 7 O dBm
;; ’ : at. "/:ym.’,») - 5 £ (
L 0.1%BER(@250Kbps)
RXsens Sensitivity at dBm
0.1%BER(@1000Kbps)

MI1N 2.2 irgmaniiaveslugalsas TRW2.4G
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2.10.3 Insaa$ 19909 TRW 2.4GHz
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| ERERAS e |~
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> §
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38 20mm i
—-- |
| S— —
—-] 9 mm = O
1.27mm .- 1" ,.3,
4 mm —
& C
. E
; £
: 2
1.27 mm 27 E El i R e &
=2 EE SR Wy 5
127mm | % b = ol S
i F § ' : 8.24mm
o ® .
0.84 mm LRI "\
1 4 93 mm
115 mnd] - o t%v;\ 'S
£ 1784 mm . 1mm

| ]

! 36.20mm '
Refarence hole position for PCB
mounting{Bottom wlew)

USER PCB =
T =

O [

: T

USER PCB
O C ' ]
—
g ( & S ¥
N e, O L
[ ..'_lzmm

511 2.26 naasTassad9vesTuga TRW 2.4 G
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. — DR1
LNA> { ) IF BPF — DATA
FIFO [ CLK1
in/out
ANTH1 PN GFSK — Dr2
P. A Filter s bour2
ANT2 X T CLK2
3 —= CE CS
On-chip
Ol @ XOSC
31 227 naasTassadrameluluga TRW 2.4 G
ShockBurst™ principle
Y
Conlinucts Tolkbps
e ks 1y nRF2401 [] 1
MCU NININRUEIREN FEo
ShockBurst™  1kabps

Without ShockBurst™, running at speed dictatad by 10KEs MOU

o

10mi paiodde

—Fﬂﬂ— 10mA period  10Kbs MCL with ShockBurst™
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il

=
N

Initial RF

Config CH

Y

Read RF data

Out DAC #1

Delay

Out DAC #2

Delay

Out DAC #3

Delay

|

Out DAC #4

3.6 uHUAIM IR IULAAIN T WL 150N uAIUANMSTOIUNIeATUAIA A/D
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L

i

Start

Initial RF
Confix CH

Read ADC 1

Delay

Read ADC 2

Delay

|

Read ADC 3

Delay

Read ADC 4

Sound RF

Delay For sent complete

3.7 wuAamsmaueaaamsen Isunsuargumstiaunediunia D/A
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Start

Initial RF
Confix CH

=2

Read RF data

OUT DAC

37 3.8 wwudamsihaueaaimsven 1UsunsuaIugumsHhaun1eaIunIa A/D
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Start

Initial RF
Confix CH

A 4

Read ADC

Send RF Module

Delay For RF
Send 300us

3.9 wnuAImMsMaaaImsweu Tsunsunrunumsiaumedina D/a
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Yua 5V Iihmsdudade ANO finsTadgygudunanaainiglid.l (Channel 1) 10ty
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Houdyarudunndr e lulasaeu Insamesivenlasdygrmemdendudyy i

Aaa A’;’ o v 9 aa a C4 [ <
Adaea mniiuluTasneuInsamesvzdedoyantasad Idenginsaindlasdyamewden

-3

WHudyanuataealilialuga TRW 2.4 6 lumaduiiesin1s Modulate Ty uAvAIU
9 v [

winzndde 1 luema anthuileTuga TRW 24 6 lumasuldsudayguiidanan
Tuga TRW 2.4 G luniads 92911013 Demodulate dayayran Iinduanegluzuuudayn e
aa 3 o o ° ' 9

avnea nntiuluTasaeuInsanes luninsuezsiniseudeyasinluga TRW 2.4 G 1u
masu udaimsda1Uésled ma D o AMMCP4921) iitemlasdagnudiaealiidudynm

o o @

9 v
pdennntiuimiaduanueidnandainegili 4.2- 4.4

4.1 Sanaaedaavesmads ielimsilouduanaeinaen

M’ ]

R R e A B B
4 i e e

3141 4.1 Fayanauduna lanfiavl 100 Hz



42 Yanaaevdaanaesnnduazandy eiimsdoudyaiaeinasn

a 4

4.2 Faanusuwaves mads (TX) Meufudaygaueidnaves Do A Tunnsy

eant
e
=D.

#192130 100 Hz

) o

51l 4.3 Bunavesmads (TX) Mouiudyanuerdnaues D o A Tunnsy

7192700 150 Hz
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51/91 4.4 BuaveamAds (TX) Feufudyanae1dnaves D o A Tuniasy

A28 200 Hz

a

717 4.5 Sunaveamads (TX) Meufudyaue1dnaved D o A Tunasy

192132 300 Hz
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#include <16F887.h>

#define LED PIN_DI

#device *=16

#device adc=8

#FUSES NOWDT

#FUSES HS

#FUSES PUT

#FUSES MCLR

#FUSES NOPROTECT

#FUSES NOCPD

#FUSES BROWNOUT

#FUSES NOIESO

#FUSES NOFCMEN

#FUSES NOLVP

#FUSES NODEBUG

#FUSES NOWRT

#FUSES BORV40

Transistor code

//No Watch Dog Timer

//High speed Osc (> 4mhz)

//Power Up Timer

/IMaster Clear pin enabled

//Code not protected from reading

//No EE protection

//Reset when brownout detected

//Internal External Switch Over mode disabled

//Fail-safe clock monitor disabled

//No low voltage prgming, B3(PIC16) or BS(PIC18) used for I/O

//No Debug mode for ICD

//Program memory not write protected

//Brownout reset at 4.0V



#use fast_io(B)

#use fast_io(D)

#use delay(clock=20000000)

#include <stdio.h>

#include "trw24ghz.h"

#7ZERO_RAM

void main()

int8 i,adc_val;

set_tris_b(0x80);

set_tris_d(0x00);

port_b_pullups(TRUE);

setup_adc_ports(sANO|VSS VDD);

setup_adc(ADC_CLOCK_INTERNAL);

setup_spi(SPI_SS DISABLED);

setup_timer O(RTCC_INTERNAL|RTCC_DIV_1);

setup_timer_1(T1_DISABLED);

setup_timer_2(T2_DISABLED,0,1);



setup_comparator(NC_NC NC_NC);// This device COMP currently not supported by the PICWizard

Init. TRW24G();

mode=1; //1=TX 0=RX

send[0] = 0;

SetMode TRW24(mode);

output_high(LED);

set_adc_channel(0);

send[0] = read_adc(ADC_START AND READ);

while(true)

Send TRW24(ADDR_PC2_CH1);

send[0] = read _adc(ADC_START AND READ);

output_toggle(LED);

delay_us(300);



#include <16F887.h>

#define LED PIN DI

#device *=16

#device adc=8

#FUSES NOWDT

#FUSES HS

#FUSES PUT

#FUSES MCLR

#FUSES NOPROTECT

#FUSES NOCPD

#FUSES BROWNOUT

#FUSES NOIESO

#FUSES NOFCMEN

#FUSES NOLVP

#FUSES NODEBUG

#FUSES NOWRT

#FUSES BORV40

Reciver Code

//No Watch Dog Timer

//High speed Osc (> 4mhz)

//Power Up Timer

//Master Clear pin enabled

//Code not protected from reading

//No EE protection

//Reset when brownout detected

//Internal External Switch Over mode disabled

//Fail-safe clock monitor disabled

//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O

//No Debug mode for ICD

//Program memory not write protected

//Brownout reset at 4.0V



#use fast_io(B)

#use fast_io(D)

#use delay(clock=20000000)

#include <stdio.h>

#include "trw24ghz.h"

#include "mcp4921.h"

#ZERO_RAM

void main()

float rate;

unsigned int16 val;

set_tris_b(0x80);

set_tris_d(0x00);

port b_pullups(TRUE);

setup_adc_ports(sANO[VSS_VDD);

setup_adc(ADC_OFF),

setup_spi(SPI_SS DISABLED);

setup_timer O(RTCC_INTERNAL|RTCC DIV 1);



setup_timer_1(T1_DISABLED);

setup_timer 2(T2_DISABLED,0,1);

setup_comparator(NC_NC_NC_NC);// This device COMP currently not supported by the PICWizard

Init. TRW24G();

output_high(MCP4922 LDAC);

output_high(MCP4922 CS);

output_low(MCP4922 SDI);

output_low(MCP4922 SCK);

rate = (4094.00/255.00);

mode=0; /1=TX 0=RX

SetMode TRW24(mode);

output_high(LED);

output_toggle(LED);

delay ms(100);

output_toggle(LED);

delay_ms(100);



output_toggle(LED);

delay_ms(100);

output_toggle(LED);

delay _ms(100);

while(true)

if (input(DR1))

Read TRW24();

output_toggle(LED);

val = ((float)rx[0] * rate);

Write MCP4922(0x00,val);



MICROCHIP

MCP4921/4922

12-Bit DAC with SPI™ Interface

Features

12-Bit Resolution

+0.2 LSB DNL (typ)

+2 LSB INL (typ)

Single or Dual Channel

Rail-to-Rail Output

SPI™ Interface with 20 MHz Clock Support
Simultaneous Latching of the Dual DACs w/LDAC
Fast Settling Time of 4.5 us

Selectable Unity or 2x Gain Output

450 kHz Multiplier Mode

External Vggg Input

2.7V to 5.5V Single-Supply Operation

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

Applications

Set Point or Offset Trimming

Sensor Calibration

Digitally-Controlled Multiplier/Divider
Portable Instrumentation (Battery-Powered)
Motor Feedback Loop Control

Block Diagram

CS SDI SCK LDAC
[z = s r
Vop
| Power-on
Reset '
| AVgg
| Input Input
| Register A||Register B [
| DAC, DACy '
| Register Register |
VRer v v VRer
A ' String String l B
DACp DACg
| Buffer v v |
|| Gain |
Logic Output
| Op Amps |
| Output |
Logic
I l
(i _é_ al|
SHDN

Description

The Microchip Technology Inc. MCP492X are 2.7 —
5.5V, low-power, low DNL, 12-Bit Digital-to-Analog Con-
verters (DACs) with optional 2x buffered output and SPI
interface.

The MCP492X are DACs that provide high accuracy
and low noise performance for industrial applications
where calibration or compensation of signals (such as
temperature, pressure and humidity) are required.

The MCP492X are available in the extended tempera-
ture range and PDIP, SOIC, MSOP and TSSOP
packages.

The MCP492X devices utilize a resistive string archi-
tecture, with its inherent advantages of low DNL error,
low ratio metric temperature coefficient and fast settling
time. These devices are specified over the extended
temperature range. The MCP492X include double-
buffered inputs, allowing simultaneous updates using
the LDAC pin. These devices also incorporate a
Power-On Reset (POR) circuit to ensure reliable
power-up.

Package Types
8-Pin PDIP, SOIC, MSOP
Voo [1] é 8]VouTa
cs [2] 9 Ffvss
sck[3] &  [E]Vrera
soif@ N [5]ipac

14-Pin PDIP, SOIC, TSSOP

Voo ] 7 @ Voura
NC [2] = 13 Vrera
CsB @ [@Avss

SCK[E & [ Vrers
sDI [5] § 19 VouTs
NC [6] [9] SHDN
NC [T 8] LDAC

© 2004 Microchip Technology Inc.
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MCP4921/4922

1.0 ELECTRICAL t Notice: Stresses above those listed under “Maximum Rat-
CHARACTERISTICS ings” 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

Absolute Maximum Ratings t operational listings of this specification is not implied. Expo-
sure to maximum rating conditions for extended periods may

D e v i Rt o 6.5V affect device reliability.

All inputs and outputs w.r.t ............ AVgg-0.3Vto Vpp+0.3V

Current:at inpubi Pins i i s oviiin s +2 mA

Current at Supply PinS .....coocvveviivieeiiiee e, 50 mA

Current at OUPUL PINS ..ot cosensboniiisaiad +25 mA

Storage temperature -65°C to +150°C

Ambient temp. with power applied ................ -55°C to +125°C

ESD protection on all pins ........... >4 kV (HBM), > 400V (MM)

Maximum Junction Temperature (T;).......cccooeevneenen. +150°C

5V AC/DC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, AVgg = 0V, Vrer = 2.048V, output buffer gain (G) = 2x, R =5 kQ
to GND, C| = 100 pF Tp = -40 to +85°C. Typical values at +25°C.
Parameters l Sym | Min I Typ ] Max | Units l Conditions

Power Requirements

Input Voltage Vbop 2.7 -- 515

Input Current - MCP4921 Iop — 175 350 HA Input unbuffered, digital inputs

- MCP4922 — 350 700 grounded, output unloaded,

code at 0x000

Hardware Shutdown Current IsHDN — 0.3 2 LA

Software Shutdown Current IsHDN_sw — 3.3 6 pA

Power-on-Reset Threshold Veor — 2.0 — \

DC Accuracy

Resolution n 12 — — Bits

INL Error INL -12 2 12 LSB

DNL DNL -0.75 +0.2 +0.75 LSB Device is Monotonic

Offset Error Vos — +0.02 1 % of FSR | Code 0x000h

Offset Error Temperature Vos/°C — 0.16 — ppm/°C |-45°C to 25°C

Coefficient Bl -0.44 — ppm/°C | +25°C to 85°C

Gain Error o3 — -0.10 1 % of FSR | Code 0xFFFh, not including offset
error.

Gain Error Temperature AGrrc — -3 — ppm/°C

Coefficient

Input Amplifier (Vggg Input)

Input Range - Buffered Mode VREF 0.040 = Vpp— 0.040 \Y Note 1

Input Range - Unbuffered \Y 0 — Vop v Code = 2048

o ) VRer = 0.2v p-p, f = 100 Hz and 1kHz

Input Impedance RyREF — 165 — kQ Unbuffered Mode

Input Capacitance - CvRrEF — 7 — pF

Unbuffered Mode

Multiplier Mode fvRer — 450 — kHz VRer = 2.5V £0.2Vp-p, Unbuffered,

-3 dB Bandwidth G =

fyREF — 400 o kHz VRer = 2.5V 0.2 Vp-p, Unbuffered,

G=2

Multiplier Mode - THDyRer — -73 — dB VRer = 2.5V £0.2Vp-p,

Total Harmonic Distortion Frequency = 1 kHz

Note 1: By design, not production tested.
2: Too small to quantify.

DS21897A-page 2 © 2004 Microchip Technology Inc.



MCP4921/4922

5V AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, AVgg = 0V, Vgeg = 2.048V, output buffer gain (G) = 2x, R =5 kQ
to GND, C| = 100 pF T =-40 to +85°C. Typical values at +25°C.

Parameters ’ Sym I Min I Typ | Max | Units | Conditions

Output Amplifier

Output Swing Vout — 0.010 — Accuracy is better than 1 LSB for
to Vpp Vour =10 mVto (Vpp-40mV)
—-0.040

Phase Margin Om — 66 — degrees

Slew Rate SR — 0.55 — Vius

Short Circuit Current Isc — 15 24 mA

Settling Time tsettling — 4.5 — us Within 1/2 LSB of final value from 1/4

to 3/4 full-scale range

Dynamic Performance

DAC-to-DAC Crosstalk — 10 — nV-s Note 2

Major Code Transition Glitch — 45 - nV-s 1 LSB change around major carry
(0111...1111 to 1000...0000)

Digital Feedthrough — 10 — nV-s Note 2

Analog Crosstalk — 10 — nV-s Note 2

Note 1: By design, not production tested.
2: Too small to quantify.

3V AC/DC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = 3V, AVgg = 0V, Vger = 2.048V external, output buffer gain (G) = 1x,
RL=5kQto GND, C__ =100 pF Ty =-40 to +85°C. Typical values at 25°C

Parameters | Sym | Min | Typ | Max Units Conditions
Power Requirements
Input Voltage Vbop 27 3 5.5
Input Current - MCP4921 Ipp — 125 250 HA Input unbuffered, digital inputs
- MCP4922 — 250 500 grounded, output unloaded,
code at 0x000
Hardware Shutdown Current ISHDN = 0.25 2 pA
Software Shutdown Current IsHDN_sw — 2 6 pA
Power-On Reset threshold VpoRr = 2.0 — \
DC Accuracy
Resolution n 12 — — Bits
INL Error INL -12 +3 +12 LSB
DNL DNL -0.75 +0.3 +0.75 LSB Device is Monotonic
Offset Error Vos — +0.02 1 % of FSR | Code 0x000h
Offset Error Temperature Vos/°C — 0.5 — ppm/°C | -45°C to 25°C
soaficlant — | 077 — ppm/°C | +25°C to 85°C
Gain Error Jde — -0.15 1 % of FSR | Code 0xFFFh, not including offset
error.
Gain Error Temperature Acrec — -3 — ppm/°C
Coefficient
Input Amplifier (Vggg Input)
Input Range - Buffered Mode VRer 0.040 — Vpp-0.040 \ Note 1
Siax) Code = 2048,
:{,}Eg;Range S Ver - “bo |V e re ook s e
Input Impedance RvREF — 165 — kQ Unbuffered Mode

Note 1: By design, not production tested.
2:  Too small to quantify.

© 2004 Microchip Technology Inc. DS21897A-page 3



MCP4921/4922

3V AC/DC CHARACTERISTICS (CONTINUED)

R_=5kQto GND, C_ = 100 pF Ty = -40 to +85°C. Typical values at 25°C

Electrical Specifications: Unless otherwise indicated, Vpp = 3V, AVgg = 0V, Vrgr = 2.048V external, output buffer gain (G) = 1x,

Parameters Sym Min Typ Max Units Conditions

Input Capacitance — Cvrer e 7 — pF

Unbuffered Mode

Multiplier Mode fyRer o 440 — kHz VRer = 2.048V £0.1 Vp-p, unbuffered,

-3 dB Bandwidth G=1

fUREF = 390 — kHz VRer = 2.048V £0.1 Vp-p, unbuffered,

G=2

Multiplier Mode — THDyREF — -73 — dB VRer = 2.5V £0.1 Vp-p,

Total Harmonic Distortion Frequency = 1 kHz

Output Amplifier

Output Swing Vourt — 0.010 = Accuracy is better than 1 LSB for

to VDD VOUT =10mV to (VDD -40 mV)
—0.040

Phase Margin Om — 66 — degrees

Slew Rate SR — 0.55 — Vius

Short Circuit Current Isc = 14 24 mA

Settling Time tsettling — 4.5 1= us Within 1/2 LSB of final value from 1/4
to 3/4 full-scale range

Dynamic Performance

DAC-to-DAC Crosstalk — 10 — nV-s Note 2

Major Code Transition Glitch — 45 — nV-s 1 LSB change around major carry
(0111...1111 to 1000...0000)

Digital Feedthrough — 10 —= nV-s Note 2

Analog Crosstalk — 10 == nV-s Note 2

Note 1: By design, not production tested.
2: Too small to quantify.

5V EXTENDED TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, AVgg = 0V, Vrgr = 2.048V, output buffer gain (G) = 2x, R_ =5 kQ
to GND, C|_ = 100 pF. Typical values at +125°C by characterization or simulation.

Parameters I Sym | Min | Typ ’ Max | Units Conditions

Power Requirements

Input Voltage Vpp 2.7, — 5%

Input Current - MCP4921 15)) — 200 — HA Input unbuffered, digital inputs

- MCP4922 — 400 — grounded, output unloaded,

code at 0x000

Hardware Shutdown Current ISHON — 1.5 == HA

Software Shutdown Current ISHDN_sw — 5 — HA

Power-On Reset threshold VpoRr — 1.85 — \Y

DC Accuracy

Resolution n 12 —_ —_ Bits

INL Error INL — +4 — LSB

DNL DNL — +0.25 — LSB Device is Monotonic

Offset Error Vos — +0.02 — % of FSR [ Code 0x000h

Offset Error Temperature Vos!/°’C — -5 — ppm/°C +25°C to +125°C

Coefficient

Note 1: By design, not production tested.
2: Too small to quantify.

DS21897A-page 4
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MCP4921/4922

5V EXTENDED TEMPERATURE SPECIFICATIONS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vpp = 5V, AVgg = 0V, Vrgr = 2.048V, output buffer gain (G) = 2x, R_ =5 kQ
to GND, C_ = 100 pF. Typical values at +125°C by characterization or simulation.

Parameters Sym Min Typ Max Units Conditions
Gain Error 9g — -0.10 — % of FSR | Code OxFFFh, not including offset
error
Gain Error Temperature Acrrc - -3 — ppm/°C
Coefficient
Input Amplifier (Vggg Input)
Input Range - Buffered Mode VRer — 0.040 to — \ Note 1
Vpp- Code = 2048,
0.040 VRrer = 0.2v p-p, f =100 Hz and 1 kHz
Input Range - Unbuffered VRer 0 — Vpp \
Mode
Input Impedance RyRer = 174 e kQ Unbuffered Mode
Input Capacitance - Cvrer — 7 — pF
Unbuffered Mode
Multiplying Mode fyrREF — 450 — kHz VRer = 2.5V £0.1 Vp-p, Unbuffered,
-3 dB Bandwidth G=1
fVREF — 400 — kHz VRer = 2.5V £0.1 Vp-p, Unbuffered,
G=2
Multiplying Mode - Total THDyREF — — — dB VRerg = 2.5V £0.1Vp-p,
Harmonic Distortion Frequency = 1 kHz
Output Amplifier
Output Swing Vout T 0.010 to — Accuracy is better than 1 LSB for
VDD— VOUT: 10 mV to (VDD—4O mV)
0.040
Phase Margin Om — 66 — degrees
Slew Rate SR — 0.55 — Vius
Short Circuit Current Isc = 17 — mA
Settling Time tsettling — 4.5 i us Within 1/2 LSB of final value from 1/4
to 3/4 full-scale range
Dynamic Performance
DAC to DAC Crosstalk — 10 — nV-s Note 2
Major Code Transition Glitch > 45 — nV-s 1 LSB change around major carry
(0111...1111 to 1000...0000)
Digital Feedthrough — 10 7, nV-s Note 2
Analog Crosstalk — 10 — nV-s Note 2

Note 1:
2:  Too small to quantify.

By design, not production tested.

© 2004 Microchip Technology Inc.
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MCP4921/4922

AC CHARACTERISTICS (SPI TIMING SPECIFICATIONS)

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

Parameters Sym Min Typ Max | Units Conditions
Schmitt Trigger High-Level ViH 0.7 Vpp — — \Y
Input Voltage (All digital input
pins)
Schmitt Trigger Low-Level Vi — = 0.2 Vp \Y
Input Voltage D
(All digital input pins)
Hysteresis of Schmitt Trigger Vivs — |0.05Vpp| —
Inputs
Input Leakage Current | EAKAGE -1 — 1 uA- | SHDN = LDAC = CS = SDI =
SCK + VRgr = Vpp or AVSS
Digital Pin Capacitance Cins — 10 — pF  |Vpp=15.0V, Tp = +25°C,
(All inputs/outputs) Cout fook = 1 MHz (Note 1)
Clock Frequency Ferk — — 20 MHz | Tp = +25°C (Note 1)
Clock High Time thi 15 — — ns |Note 1
Clock Low Time tLo 15 % 13 ns | Note 1
CS Fall to First Rising CLK tossr 40 = B ns |Applies only when CS falls with
Edge CLK high. (Note 1)
Data Input Setup Time tsu 15 — - ns |Note 1
Data Input Hold Time tHp 10 F— S ns |Note1
SCK Rise to CS Rise Hold ters 15 £ = ns |Note 1
Time
CS High Time tesn 15 = 75 ns |Note 1
LDAC Pulse Width tio 100 T — ns |Note 1
LDAC Setup Time tLs 40 1 — ns |Note 1
SCK Idle Time before CS Fall tioLe 40 — — ns |Note 1

Note 1: By design and characterization, not production tested.

cs \‘
S f
tcssr™] th | to [* - t
Mode 1,1 CHS_
SCK Mode 0,0 % = s
tsu | tHD
Sl St
o e 0 ey
p L )
},Jr
LDAC
—-{ts tio
FIGURE 1-1: SPI™ [nput Timing.
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MCP4921/4922

TEMPERATURE CHARACTERISTICS

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

Parameters l Sym l Min | Typ Max I 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, 8L-PDIP 0ja — 85 — °C/W
Thermal Resistance, 8L-SOIC GRS — 163 — °C/IW
Thermal Resistance, 8L.-MSOP 0 — 206 = °C/w
Thermal Resistance, 14L-PDIP 03 =t 70 = °C/W
Thermal Resistance, 14L-SOIC AN — 120 — °C/wW
Thermal Resistance, 14L-TSSOP 0jA < 100 — °C/wW

Note 1: The MCP492X family of DACs 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.

© 2004 Microchip Technology Inc.
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MCP4921/4922

2.0 TYPICAL PERFORMANCE CURVES

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

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

0.3 0.0766
4 1 —
02l ledEsly | ' = 0.0764 S S —
® 0.0762
—~ 01 = 1
o = 0.076
n = )
2 o 0 0.0758
2 Y
o 01 3 00756 |
§ 0.0754
=02 0.0752
0.3 0.075 Attt
0 1024 2048 3072 4096 40 20 0 20 40 60 80 100 120
Code (Decimal) Ambient Temperature (°C)
FIGURE 2-1: DNL vs. Code. FIGURE 2-4: Absolute DNL vs. Ambient
Temperature.
0.2 0.35 -
QN L
[11] =
’_0-1 3 olgf \
m Sey 0.2 1
3 o sy, WL ¥
Sl 2 0.5
4 = |
= S 0.1
-0.1 8 E
| < 0.05 1 —
0.2 0
0 1024 2048 3072 4096 1 2 3 4 5
Code (Decimal)  [-125C = 85C _ 25C Voltage Reference (V)
FIGURE 2-2: DNL vs. Code and Ambient FIGURE 2-5: Absolute DNL vs. Voltage
Temperature. Reference.
0.4
] !
el | [ |y |
0.2 ] 3| =1
§ 0.1 X
; o MG
Z 041 3
0.2 - 1 1F
-0.3 }
-0.4
0 1024 2048 3072 4096
Code (Decimal)
FIGURE 2-3: DNL vs. Code and Vgee
Gain=1.
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MCP4921/4922

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

5 Ambient Temperature
i —~+-125C =85 25
3
2
m 1 o
2 8
-5 o e T i) | PR -4 T Tt
0 1024 2048 3072 4096 0 1024 2048 3072 4096
Code (Decimal) Code (Decimal)
FIGURE 2-6: INL vs. Code and Ambient FIGURE 2-9: INL vs. Code and Vgefg
Temperature.
2.5 2
= 2 & 0 —A' )
fD 3 "—-\'\./ —_—
R i 3 LA bl |
z‘ 4/ = 2 A i /
e z V L\A
3 | z
2 -4 T
a 05
< | |
00 0N = J #lacanasl A -6
40 -20 0 20 40 60 80 100 120 0 1024 2048 3072 4096
Ambient Temperature (°C) Code (Decimal)
FIGURE 2-7: Absolute INL vs. Ambient FIGURE 2-10: INL vs. Code.
e Note:  Single device graph (Figure 2-10) for
illustration of 64 code effect.
3
—~ 25
m
3 2 B
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Note: Unless otherwise indicated, Tp = +25°C, Vpp = 5V, AVgg = 0V, Vggg = 2.048V, Gain = 2.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V , AVgg = 0V, Vrgr = 2.048V, Gain = 2, R =5 kQ, C, = 100 pF.
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MCP4921/4922

Note: Unless otherwise indicated, Ty =+25°C, Vpp = 5V, AVgg = 0V, Vggr = 2.048V, Gain =2, R =5 k€, C__ =100 pF.
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MCP4921/4922

Note: Unless otherwise indicated, Ty = +25°C, Vpp =5V, AVgg = 0V, Vggg = 2.048V, Gain = 2, R_ =5 kQ, C__ = 100 pF.
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Note: Unless otherwise indicated, T = +25°C, Vpp = 5V, AVgg = 0V, Vggr = 2.50V, Gain = 2, R = 5k€, C__ =100 pF.
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Figure 2-35 calculation:
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3.0 PIN DESCRIPTIONS

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

TABLE 3-1: PIN FUNCTION TABLE
MP(?:LLQ:1 MPCi::t;.j:)Z.Z Symbol Function
1 1 Voo Positive Power Supply Input (2.7V to 5.5V)
— 2 NC No Connection
2 3 [ Chip Select Input
3 4 SCK Serial Clock Input
4 5 SDI Serial Data Input
R 6 NC No Connection
= 7 NC No Connection
5 8 LDAC Syncronization input used to transfer DAC settings from serial
latches to the output latches.

— 9 SHDN Hardware Shutdown Input
o 10 Vouts DACg Output
oS 11 VREFB DACg Voltage Input (AVgg to Vpp)
i 12 AVgg Analog ground
6 13 VREFA DAC, Voltage Input (AVgs to Vpp)
8 14 Vouta DAC, Output

341 Positive Power Supply Input (Vpp) 3.6 Hardware Shutdown Input (SHDN)

Vpp is the positive power supply input. The input power
supply is relative to AVgg and can range from 2.7V to
5.5V. A decoupling capacitor on Vpp is recommended

to achieve maximum performance.

3.2  Chip Select (CS)

CS is the chip select input, which requires an active-low

signal to enable serial clock and data functions.

3.3 Serial Clock Input (SCK)
SCK is the SPI compatible serial clock input.

34 Serial Data Input (SDI)
SDI is the SPI compatible serial data input.

3.5 Latch DAC Input (LDAC)

LDAC (the latch DAC syncronization input) transfers

SHDN is the hardware shutdown input that requires an
active-low input signal to configure the DACs in their
low-power Standby mode.

3.7 DACX Outputs (VOUTA’ VOUTB)
Vouta and Voutg are DAC outputs. The DAC output

amplifier drives these pins with a range of AVgg to Vpp.

3.8 DACy Voltage Reference Inputs
(Vrera: VRerB)

VRrera and Vgepg are DAC voltage reference inputs.
The analog signal on these pins is utilized to set the ref-
erence voltage on the string DAC. The input signal can
range from AVgg to Vpp.

3.9 Analog Ground (AVgsg)

AVgg is the analog ground pin.

the input latch registers to the DAC registers (output
latches) when low. Can also be tied low if transfer on

the rising edge of CS is desired.

© 2004 Microchip Technology Inc.
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4.0 GENERAL OVERVIEW

The MCP492X devices are voltage output string DACs.
These devices include input amplifiers, rail-to-rail out-
put amplifiers, reference buffers, shutdown and reset-
management circuitry. Serial communication conforms
to the SPI protocol. The MCP492X operates from 2.7V
to 5.5V supplies.

The coding of these devices is straight binary and the
ideal output voltage is given by Equation 4-1, where G
is the selected gain (1x or 2x), Dy, represents the digital
input value and n represents the number of bits of
resolution (n = 12).

EQUATION 4-1:  LSB SIZE
Vour = VRE::;DN

1LSB is the ideal voltage difference between two
successive codes. Table 4-1 illustrates how to calculate
LSB.

TABLE 4-1: LSB SIZES
Device Vrerp GAIN LSB SIZE
MCP492X |External Vrgr, 1x VRer/4096
MCP492X | External Vggp, 2x 2 VRefp/4096

INL<O0 , .
111 —
Actual
110 — transfer r-—-
function
101 ;V
Digital 100 — -
Input :
C d — o4
Sk 011 7 Ideal transfer
function
010 —
001—
000 +
—P{ '4— INL<0
<&— DAC Output —8
FIGURE 4-1: INL Accuracy.

4.0.2 DNL ACCURACY

DNL error is the measure of variations in code widths
from the ideal code width. A DNL error of zero would

4.0.1 INL ACCURACY

INL error for these devices is the maximum deviation
between an actual code transition point and its corre-
sponding ideal transition point once offset and gain
errors have been removed. These endpoints are from
0x000 to OxFFF. Refer to Figure 4-1.

Positive INL means transition(s) later than ideal.
Negative INL means transition(s) earlier than ideal.

imply that every code is exactly 1 LSB wide.

1
11 4
10— Actual
transfer\
101 function
:Digittal 100+ |deal transfer
np e | function
Code 011 .
01671 I<—Wide code, > 1 LSB
001—
v
000 +
4>{ }<~ Narrow code < 1 LSB
- DAC Output —B»
FIGURE 4-2: DNL Accuracy.

4.0.3 OFFSET ERROR

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

4.04 GAIN ERROR

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

DS21897A-page 16
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4.1 Circuit Descriptions

411 OUTPUT AMPLIFIERS

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

In addition to resistive load driving capability, the ampli-
fier will also drive high capacitive loads without oscilla-
tion. The amplifiers’ strong outputs allow Vgt to be
used as a programmable voltage reference in a
system.

Selecting a gain of 2 reduces the bandwidth of the
amplifier in Multiplying mode. Refer to Section 1.0
“Electrical Characteristics” for the Multiplying mode
bandwidth for given load conditions.

4111 Programmable Gain Block

The rail-to-rail output amplifier has configurable gain
allowing optimal full-scale outputs for differing voltage
reference inputs. The output amplifier gain has two
selections, a gain of 1 V/V (GA = 1) or a gain of 2 V/V
(GA =0).

The output range is ideally 0.000V to 4095/4096 * Vrgr
when G = 1, and 0.000 to 4095/4096 * Vgrgr when
G = 2. The default value for this bitis a gain of 2, yield-
ing an ideal full-scale output of 0.000V to 4.096V when
utilizing a 2.048V Vgege Note that the near rail-to-rail
CMOS output buffer’s ability to approach AVgg and
Vpp establish practical range limitations. The output
swing specification in Section 1.0 “Electrical Charac-
teristics” defines the range for a given load condition.

41.2 VOLTAGE REFERENCE
AMPLIFIERS

The input buffer amplifiers for the MCP492X devices
provide low offset voltage and low noise. A configura-
tion bit for each DAC allows the Vggp input to bypass
the input buffer amplifiers, achieving a Buffered or
Unbuffered mode. The default value for this bit is
unbuffered. Buffered mode provides a very high input
impedance, with only minor limitations on the input
range and frequency response. Unbuffered mode
provides a wide input range (0V to Vpp), with a typical
input impedance of 165 kQ w/7 pF.

4.1.3 POWER-ON RESET CIRCUIT

The Power-On Reset (POR) circuit ensures that the
DACs power-up with SHDN = 0 (high-impedance). The
devices will continue to have a high-impedance output
until a valid write command is performed to either of the
DAC registers and the LDAC pin meets the input low
threshold.

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

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

5V
@ — — | — — — — — -
% = Veor
= Vo - VPor
>
>
& —> Transient Duration
@
Time
19 Ta = +25°C
L) ¢
c
0
® 6
e
3
(a]
€ 4
o \ Transients above the curve
® will cause a reset
.= 2 | |
©
= Transients belom
0 will NOT cause a reset ™~
1 2 3 4 5
Vop = Veor (V)
FIGURE 4-3: Typical Transient
Response.

414 SHUTDOWN MODE

Shutdown mode can be entered by using either hard-
ware or software commands. The hardware pin
(SHDN) is only available on the MCP4922. During
Shutdown mode, the supply current is isolated from
most of the internal circuitry. The serial interface
remains active, thus allowing a write command to
bring the device out of Shutdown mode. When the
output amplifiers are shut down, the feedback resis-
tance (typically 500 kQ) produces a high-impedance
path to AVgs. The device will remain in Shutdown
mode until the SHDN pin is brought high and a write
command with SD = 1 is latched into the device.
When a DAC is changed from Shutdown to Active
mode, the output settling time takes < 10ps, but
greater than the standard Active mode settling time
(4.5 ps).

© 2004 Microchip Technology Inc.
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5.0 SERIAL INTERFACE

5.1 Overview

The MCP492X family is designed to interface directly
with the Serial Peripheral Interface (SPI) port, available
on many microcontrollers, and supports Mode 0,0 and
Mode 1,1. Commands and data are sent to the device
via the SDI pin, with data being clocked-in on the rising
edge of SCK. The communications are unidirectional
and, thus, data cannot be read out of the MCP492X.
The CS pin must be held low for the duration of a write
command. The write command consists of 16 bits and
is used to configure the DAC's control and data latches.
Register 5-1 details the input registers used to config-
ure and load the DAC, and DACg registers. Refer to
Figure 1-1 and Section 1.0 “Electrical Characteris-
tics” AC Electrical Characteristics table for detailed
input and output timing specifications for both Mode 0,0
and Mode 1,1 operation.

5.2 Write Command

The write command is initiated by driving the CS pin
low, followed by clocking the four configuration bits and
the 12 data bits into the SDI pin on the rising edge of
SCK. The CS pin is then raised, causing the data to
be latched into the selected DAC's input registers. The
MCP492X utilizes a double-buffered latch structure to
allow both DACp's and DACg's outputs to be
syncronized with the LDAC pin, if desired. Upon the
LDAC pin achieving a low state, the values held in the
DAC's input registers are transferred into the DACs’
output registers. The outputs will transition to the value
and held in the DACy register.

All writes to the MCP492X are 16-bit words. Any
clocks past 16 will be ignored. The most significant
four bits are configuration bits. The remaining 12 bits
are data bits. No data can be transferred into the
device with CS high. This transfer will only occur if 16
clocks have been transferred into the device. If the ris-
ing edge of CS occurs prior, shifting of data into the
input registers will be aborted.

REGISTER 5-1: WRITE COMMAND REGISTER
Upper Half:
W-x W-x W-x W-0 W-x W-x W-x
A/B BUF GA SHDN D10 D9 D8
bit 15 bit 8
Lower Half:
W-x W-x W-x W-x W-x W-x W-x W-x
D7 D6 D5 D4 D3 D2 D1 DO
bit 7 bit 0

bit15  A/B: DACp or DACg Select bit

1= Write to DACg
0= Write to DACp

bit 14 BUF: Vggr Input Buffer Control bit

1 = Buffered
o = Unbuffered

bit13  GA: Output Gain Select bit
1= 1x (Vout = Vrer * D/4096)
0= 2x (Vout =2 * Vrer * D/4096)

bit 12 SHDN: Output Power Down Control bit
1 = Output Power Down Control bit

o = Output buffer disabled, Output is high impedance

bit 11-0 D11:D0: DAC Data bits

12 bit number “D” which sets the output value. Contains a value between 0 and 4095.

Legend
R = Readable bit W = Writable bit
-n = Value at POR 1 =bitis set

U = Unimplemented bit, read as ‘0’

0 = bit is cleared x = bit is unknown

DS21897A-page 18
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& \ /

s Q2 8 4 5 6 78 9. 00 1742 1814 160 - T (mode 1,1)
SCK . (mode 0,0)

l«—— config bits 12 data bits
soi | A {BUF{GA|SHDN Dﬂ(DmXDgXDsXmXDeX D5XD4XD3XD2X D1) DO
IoAC Ny R
e
FIGURE 5-1: Write Command.
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6.0 TYPICAL APPLICATIONS

Note: At the time of this data sheet's release,
circuit examples had not completed
testing. Your results may vary.

The MCP492X devices are general purpose DACs
intended to be used in applications where a precision,
low-power DAC with moderate bandwidth is required.

Applications generally suited for the MCP492X devices
include:

= Set Point or Offset Trimming

+ Sensor Calibration

« Digitally-Controlled Multiplier/Divider

* Portable Instrumentation (Battery Powered)
* Motor Feedback Loop Control

6.1 Digital Interface

The MCP492X utilizes a 3-wire syncronous serial
protocol to transfer the DACs’ setup and output values
from the digital source. The serial protocol can be inter-
faced to SPI™ or Microwire peripherals common on
many  microcontrollers, including ~ Microchip’s
PICmicro® MCUs & dsPIC™ DSC family of microcon-
trollers. In addition to the three serial connections (CS,
SCK and SDI), the LDAC signal syncronizes when the
serial settings are latched into the DAC's output from
the serial input latch. Figure 6-1 illustrates the required
connections. Note that LDAC is active-low. If desired,
this input can be tied low to reduce the required con-
nections from 4 to 3. Write commands will be latched
directly into the output latch when a valid 16 clock
transmission has been received and CS has been
raised.

6.2 Power Supply Considerations

The typical application will require a by-pass capacitor
in order to filter high-frequency noise. The noise can
be induced onto the power supply's traces or as aresult
of changes on the DAC's output. The bypass capacitor
helps to minimize the effect of these noise sources on
signal integrity. Figure 6-1 illustrates an appropriate
bypass strategy.

In this example, the recommended bypass capacitor
value is 0.1 uF. This capacitor should be placed as
close to the device power pin (Vpp) as possible (within
4 mm).

The power source supplying these devices should be
as clean as possible. If the application circuit has sep-
arate digital and analog power supplies, AVpp and
AVgg should reside on the analog plane.

Voo Vop
I0.1 uF 0.1 pFI
Vb Vgera S
e BS54
ﬂ § SDI 5
= “FI Vrers| & L
il | 5
O S
Vouts| £ [« £
=i o
VREFA T g
AV s
Voura | 2 TR s soo| &
[ 5 SCK| &
iy zA5e DAC| &
Vouts CSo| &
AVss AVgs
FIGURE 6-1: Typical Connection
Diagram.

6.3 Layout Considerations

Inductively-coupled AC transients and digital switching
noise can degrade the input and output signal integrity,
potentially masking the MCP492X's performance.
Careful board layout will minimize these effects and
increase the signal-to-noise ratio (SNR). Bench testing
has shown that a multi-layer board utilizing a low-induc-
tance 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.

Breadboards and wire-wrapped boards are not
recommended if low noise is desired.
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6.4 Single-Supply Operation

The MCP492X is a rail-to-rail (R-R) input and output
DAC designed to operate with a Vpp range of 2.7V to
5.5V. Its output amplifier is robust enough to drive com-
mon, small-signal loads directly, thus eliminating the
cost and size of an external buffer for most applications.

6.4.1 DC SET POINT OR CALIBRATION

A common application for a DAC with the MCP492X’s
performance is digitally-controlled set points and/or
calibration of variable parameters, such as sensor off-
set or slope. 12-bit resolution provides 4096 output
steps. If a 4.096V Vggg is provided, an LSB would
represent 1 mV of resolution. If a smaller output step
size is desired, the output range would need to be
reduced.

6.4.1.1 Decreasing The Output Step Size

If the output range is reduced relative to AVgg, simply
reducing Vggp Will reduce the magnitude of each out-
put step. If the application is calibrating the threshold
of a diode, transistor or resistor tied to AVgg or Vrgr,
a theshold range of 0.8V may be desired to provide
200 pV resolution. Two common methods to achieve a
0.8V range is to either reduce Vggp to 0.82V or use a
voltage divider on the DAC's output. If a Vrg is avail-
able with the desired output value, using that Vgrgpis an
option. Occasionally, when using a low-voltage Vrgr,
the noise floor causes SNR error that is intolerable.
The voltage divider method provides some advantages
when Vggr needs to be very low or when the desired
output voltage is not available. In this case, a larger
value Vggr is used while two resistors scale the output
range down to the precise desired level. Using a com-
mon Vgeg output has availability and cost advantages.
Example 6-1 illustrates this concept. Note that the volt-
age divider can be connected to AVgg or VRgr
depending on the application’s requirements.

The MCP492X’s low, £0.75 (max.) DNL performance
is critical to meeting calibration accuracy in production.

Vbp

W

Veet
RSenSe

Vrer VoD —

T 3 > 1 Comparator
VOUT 1 Vtrip
MCP492X AMA- l AU
J:_ R, % 0.1 uF Vee-

SP'TM%

: =
Vo= Pt G = Gain select (1x or 2x)
T D = Digital value of DAC (0 — 4096)
L R.?
Voip:= ¥ OUT(R/TR.)
EXAMPLE 6-1: Set Point or Threshold Calibration.
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6.4.1.2 Building a “Window” DAC

When calibrating a set point or threshold of a sensor,
rarely does the sensor utilize the entire output range of
the DAC. If the LSB size is adequate to meet the appli-
cation’s accuracy needs, then the resolution is sacri-
ficed without consequences. If greater accuracy is
needed, then the output range will need to be reduced
to increase the resolution around the desired threshold.

If the threshold is not near Vrgg or AVgg, then creating
a “window” around the threshold has several advan-
tages. One simple method to create this “window" is to
use a voltage divider network with a pull-up and pull-
down resistor. Example 6-2 and Example 6-4
illustrates this concept.

The MCP492X'’s low, +0.75 (max.) DNL performance
is critical to meet calibration accuracy in production.

Voc+

VrRer  Vpp

Rsense

Vees

] Comparator

L R3
L R

\V] 1
MCP492X L AAA,

L &
spm——1"

+

Vee-

I

Vee.
D -
Vour = VrerG—; G = Gain select (1x or 2x)
D = Digital value of DAC (0 — 4096)
: R,R :
: Ros~ ¥R 0 :
* Thevenin 2o A Vour—\W\~ Vo :
+ Equivalent VR +(VeeRy) :
: V23 B R_,+ R_; R23 :
: _ VourRy + V3R, :
| Virip. = L DR, Va3 :
EXAMPLE 6-2: Single-Supply “Window” DAC.
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6.5

Bipolar operation is achievable using the MCP492X by
using an external operational amplifier (op amp). 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

Bipolar Operation

Example 6-3 illustrates a simple bipolar voltage source
configuration. R4 and R, allow the gain to be selected,
while Rz and R, shift the DAC's output to a selected
offset. Note that R4 can be tied to Vggf, instead of
AVgg, if a higher offset is desired. Note that a pull-up to
VRer could be used, instead of Ry, if a higher offset is

desired.
almost any desired output voltage range, power and
noise performance.
Rz
VREF
Vrer VoD
T R Veet
- vV
Vour Re Vit O
MCP492X AN * *
Vee—

L

spym—/—

3
D
Vour = Vrer 7
v =VOUTR4
IN
Ut P i

R; R;
Mo A V1N+(1+R_[) _VREF(R_)

R4

G = Gain select (1x or 2x)
D = Digital value of DAC (0 — 4096)

EXAMPLE 6-3:

6.5.1 DESIGN A BIPOLAR DAC USING

EXAMPLE 6-3

An output step magnitude of 1 mV with an output range
of £2.05V is desired for a particular application.

1. Calculate the range: +2.05V - (-2.05V) = 4.1V.

2. Calculate the resolution needed:

4.1V/1 mV = 4100

Since 212 = 4096, 12-bit resolution is desired.
3. The amplifier gain (Ry/R4), multiplied by Vrgr

must be equal to the desired minimum output to
achieve bipolar operation. Since any gain can
be realized by choosing resistor values (R4+R5),
the Vrgp source needs to be determined first. If
a Vgeg of 4.1V is used, solve for the gain by
setting the DAC to 0, knowing that the output
needs to be -2.05V. The equation can be

simplified to:
BA0 2205 e a05 s R
Ry pss R 2

If Ry =20 kQ and R, = 10 k€, the gain will be 0.5.

Digitally-Controlled Bipolar Voltage Source.

4. Next, solve for Rz and R, by setting the DAC to

4096, knowing that the output needs to be
+2.05V.

86 20582094
(R3+R,y) L3 VRer

w2
3

If Ry =20 k€, then R = 10 kQ

© 2004 Microchip Technology Inc.
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6.6 Selectable Gain and Offset Bipolar

Voltage Output Using A Dual DAC

In some applications, precision digital control of the
output range is desirable. Example 6-4 illustrates how
to use the MCP4922 to achieve this in a bipolar or
single-supply application.

This circuit is typically used in Multiplier mode and is
ideal for linearizing a sensor whose slope and offset
varies. Referto Section 6.9 “Using Multiplier Mode”
for more information on Multiplier mode.

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

Rz
M
VrRera VDD
Vec*
R
VouTa
MCP492X i
Rl ¥
o ;DACA (Gain Adjust) Vo
I g N
Vours 18 :
MCP492X l -+
sp]TM7L_| LDACB (Offset Adjust) =R,
3 — jz)1UF VCC_
VoS5 g
| Ly & y
Vours = (VREFBGB)? Vours = (VREFAGA)z_lg
VoursRat Vee s A TR
VIN+ B R,+R .
o7 G = Gain select (1x or 2x)
R; R, D = Digital value of DAC (0 — 4096
Yo X V/,w([ g R_/) 5 VOUTA(R—) g : )
Offset Adjust Gain Adjust
; Bipolar “Window” DAC using R4 and R :
. Thevenin 25 VCC+R4 0 VC(‘_Rj 3 R4R5 i
E Equivalent 457 RyER, i Ryci=hs ;
: _ YoursRes t VysRs g 2 R; :
: Vine = P T Lot VIN+(1 + R_/) = V()UTA(R_])
Offset Adjust Gain Adjust
EXAMPLE 6-4: Bipolar Voltage Source With Selectable Gain and Offset.
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-

6.7 Designing A Double-Precision

DAC Using A Dual DAC

Example 6-5 illustrates how to design a single-supply
voltage output capable of up to 24-bit resolution from a

Calculate the resolution needed:

4.1V/1uV = 4.1e06. Since 222 = 4.2e06, 22-bit
resolution is desired. Since DNL = +0.75 LSB,
this design can be attempted with the
MCP492X.

dgal 12-bit DAC. This design is simply a voltage divider 2. Since DACg's Vourg has a resolution of 1 mV,
with a buffered output. its output only needs to be “pulled” 1/1000 to
As an example, if a similar application to the one devel- meet the 1 pV target. Dividing Voyta by 1000
oped in Section 6.5.1 “Design a bipolar dac using would allow the application to compensate for
Example 6-3” required a resolution of 1 pV instead of DACg's DNL error.
1 mV and a range of OV to 4.1V, then 12-bit resolution 3. If Ry is 100Q, then Ry needs to be 100 kQ.
would not be adequate. 4. The resulting transfer function is not perfectly
linear, as shown in the equation of Example 6-5.
V Vbp
o T Yect
DAC, (Fine Adjust) =
—— MCP492X Vo
Vouta R —
1
VTD = R1>>R; e
Vouts Rz \
—MCP492X 0.1 uF
DACg (Course Adjust)
s JTO T =
3 =
v a & 1% K G.2B G = Gain select (1x or 2x)
U\ Zo' A "k U v Y D = Digital value of DAC (0 - 4096)
= VouraRs* VoursR,
Vo =
Ry+R,
EXAMPLE 6-5: Simple, Double-Precision DAC.

© 2004 Microchip Technology Inc.
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6.8 Building A Programmable Current
Source

Example 6-6 illustrates a variation on a voltage follower
design where a sense resistor is used to convert the
DAC's voltage output into a digitally-selectable current
source.

Adding the resistor network from Example 6-2 would
be advantageous in this application. The smaller Rggpse
is, the less power dissipated across it. However, this
also reduces the resolution that the current can be
controlled with. The voltage divider, or “window", DAC
configuration would allow the range to be reduced, thus
increasing resolution around the range of interest.
When working with very small sensor voltages, plan on
eliminating the amplifier's offset error by storing the
DAC's setting under known sensor conditions.

VRer Vop

MCP492X

V
el 1L
RS(!/‘ISL’ B+1

G = Gain select (1x or 2x)
D = Digital value of DAC (0 — 4096)

EXAMPLE 6-6: Digitally-Controlled Current

Source.

6.9 Using Multiplier Mode

The MCP492X is ideally suited for use as a multiplier/
divider in a signal chain. Common applications include:
precision programmable gain/attenuator amplifiers and
loop controls (motor feedback). The wide input range
(OV = Vpp) is an Unbuffered mode and near R-R range
in Buffered mode: the > 400 kHz bandwidth, selectible
1x/2x gain and its low power consumption give
maximum flexibility to meet the application's needs.

To configure the MCP492X in Multiplier mode, connect
the input signal to Vrgg and serially configure the
DAC's input buffer, gain and output value. The DAC's
output can utilize any of Examples 6-1to 6-6, depend-
ing on the application requirements. Example 6-7 is an
illustration of how the DAC can operate in a motor
control feedback loop.

If the Gain Select bit is configured for 1x mode (GA = 1),
the resulting input signal will be attenuated by D/4096.
If the Gain Select bit is configured for 2x mode (GA = 0),
codes < 2048 attenuate the signal, while codes > 2048
gain the signal. Voyt = VN (D/2048).

A 12-bit DAC provides significantly more gain/attenua-
tion resolution when compared to typical Programmable
Gain Amplifiers. Adding an op amp to buffer the output,
as illustrated in Examples 6-2 to 6-6, extends the
output range and power to meet the precise needs of
the application.

EXAMPLE 6-7: Multiplier Mode.
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7.0 DEVELOPMENT SUPPORT

71 Evaluation & Demonstration
Boards

The Mixed Signal PICtail™ Board supports the
MCP492X family of devices. Please refer to
www.microchip.com for further information on this
products capabilities and availability.

7.2 Application Notes and Tech Briefs

Application notes illustrating the performace and imple-
mentation of the MCP492X are planned but currently
not released. Please refer to www.microchip.com for
further information.

© 2004 Microchip Technology Inc.
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8.0 PACKAGING INFORMATION

8.1 Package Marking Information

8-Lead MSOP Example:
[l xxxxxx | =] 4921E [
] ywwn  |—1 E=llecnnzase i)
=== [e5ien] =] ]
=== ‘SS> @] [==5] ‘6:2\ O )| BEER
8-Lead PDIP (300 mil) Example:

| e Bl | [

XXXXXXXX MCP4921

XXXXXNNN E/P256

YYWW 0412

O %\ O @

| IS R v 1 B P S
8-Lead SOIC (150 mil) Example:

XXXXXXXX MCP4921

XXXXYYWW E/SN0412

o T o Bzse

IRIEiRt

U gt

Legend: XX...X Customer specific information*
Y Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code

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.

*  Standard marking consists of Microchip part number, year code, week code, traceability code (facility
code, mask rev#, and assembly code). For marking beyond this, certain price adders apply. Please
check with your Microchip Sales Office.
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Package Marking Information (Continued)

14-Lead PDIP (300 mil) (MCP4922)

i 2 ) e B i
XOOXKXXKXXXKXX
SXOCOOOOOK

o R\ YYWWNNN
LY

14-Lead SOIC (150 mil) (MCP4922)

BRI Ra A

XXXXXXXXXX
XXXXXXXXXX

O  R\YYWWNNN

UUU AL D

14-Lead TSSOP (MCP4922)

[IH]

XXXXXX
g\ YYWW

NNN

O
IR

Example:

81 i 1l Y o
MCP4922E/P
o R 0412256

L L L L

Example:

HLAREIB R R

MCP4922E/SL
O A 0412256

A U IN\U [

Example:

INIEIRIMINIAY

4922E/ST

g\ 0412

256

(1)

INNRR

© 2004 Microchip Technology Inc.
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8-Lead Plastic Micro Small Outline Package (MS) (MSOP)

' E
BRI |
L[: it
pﬂ:: e
Brr: )
 [eas o E"

CLJ[ ) A —_L JA2

(F) L
B~
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P .026 BSC 0.65 BSC

Overall Height A - - .043 - - 1.10
Molded Package Thickness A2 .030 .033 .037 0.75 0.85 0.95
Standoff A1 .000 - .006 0.00 - 0.15
Overall Width E 193 TYP. 4.90 BSC

Molded Package Width = .118 BSC 3.00 BSC

Overall Length D .118 BSC 3.00 BSC

Foot Length L 016 | 024 | 031 0.40 0.60 0.80
Footprint (Reference) F .037 REF 0.95 REF

Foot Angle (0] 0° - 8° 0° - 8°
Lead Thickness c .003 .006 .009 0.08 - 0.23
Lead Width B .009 .012 .016 0.22 - 0.40
Mold Draft Angle Top o 55" 2 15° 5° 2 15°
Mold Draft Angle Bottom B 59 : 152 58 - 152

*Controlling Parameter
Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-187
Drawing No. C04-111
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<—-E1—-|

ol Pl s

LI LT

8-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

2
n O 1
! E ]
A2
L
4 t
i B1————= f—
P
I eB 1 B——— | |t—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 8 8
Pitch P 1100 2.54
Top to Seating Plane A .140 .155 A70 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 145 2192 3.30 3.68
Base to Seating Plane A1 .015 0.38
Shoulder to Shoulder Width B .300 .313 .325 7.62 7.94 8.26
Molded Package Width E1 .240 .250 .260 6.10 6.35 6.60
Overall Length D .360 378 .385 9.14 9.46 9.78
Tip to Seating Plane L q2o 130 135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing § | eB .310 370 .430 7.87 9.40 10.92
Mold Draft Angle Top o 5 10 di6 5 10 15
Mold Draft Angle Bottom p 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions.

.010” (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-018

Mold flash or protrusions shall not exceed

© 2004 Microchip Technology Inc.
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8-Lead Plastic Small Outline (SN) — Narrow, 150 mil (SOIC)

N
==
[=== Jisis]
e E
Esj7nI: O [l

~
| J

WY/ e n\Pa ) vl o A

ol B L A1
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 8 8

Pitch P .050 1.27

Overall Height A .053 .061 .069 1.35 1.55 7g
Molded Package Thickness A2 .052 .056 .061 1.82 1.42 .85
Standoff § Al .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 .237 .244 5.79 6.02 6.20
Molded Package Width E1 146 154 157 71 3.91 3.99
Overall Length D .189 193 197 4.80 4.90 5.00
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L .019 .025 .030 0.48 0.62 0.76
Foot Angle ¢ 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .013 .017 .020 0.33 0.42 0.51
Mold Draft Angle Top 4] 0 12 15 0 12 15
Mold Draft Angle Bottom p 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MS-012

Drawing No. C04-057
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14-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

|—7E1——

N

L ) U By

L
Al L f
B — B1
eB
B p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14

Pitch p .100 2.54

Top to Seating Plane A .140 55 170 3.56 3.94 4.32
Molded Package Thickness A2 115 .130 145 2.92 3.30 3.68
Base to Seating Plane A1 .015 0.38

Shoulder to Shoulder Width B .300 313 .325 7.62 7.94 8.26
Molded Package Width E1 .240 .250 .260 6.10 6.35 6.60
Overall Length D 740 .750 .760 18.80 19.05 19.30
Tip to Seating Plane 12 125 130 135 3.18 3.30 3.43
Lead Thickness (9 .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .045 .058 .070 1.14 1.46 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing §| eB 310 .370 430 7.87 9.40 10.92
Mold Draft Angle Top S 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010" (0.254mm) per side.
JEDEC Equivalent: MS-001
Drawing No. C04-005
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14-Lead Plastic Small Outline (SL) — Narrow, 150 mil (SOIC)

|

[]
UZW\U U U UL

ClJ[—:\L. \‘ L'f Tmisiml a2

A
il PR J‘ ?
s\ A1
~—] '3
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 14 14
Pitch P .050 1.27
Overall Height A .053 .061 .069 123§ 155 1.75
Molded Package Thickness A2 .052 .056 .061 1.32 1.42 1.55
Standoff § Al .004 .007 .010 0.10 0.18 0.25
Overall Width E .228 .236 244 5.79 5.99 6.20
Molded Package Width E1 150 154 157 3.81 3.90 3.99
Overall Length D .337 .342 .347 8.56 8.69 8.81
Chamfer Distance h .010 .015 .020 0.25 0.38 0.51
Foot Length L .016 .033 .050 0.41 0.84 1:27,
Foot Angle 9 0 4 8 0 4 8
Lead Thickness c .008 .009 .010 0.20 0.23 0.25
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top a 0 LS 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010" (0.254mm) per side.

JEDEC Equivalent: MS-012

Drawing No. C04-065
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm (TSSOP)

ft——— 1 ————]

p
=l
== =
= =
] == D
L: —
= Q =7
Pl | T
B

M~

=
g

Pt | h A1 A2
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 14 14

Pitch p .026 0.65

Overall Height A .043 1.10
Molded Package Thickness A2 .033 .035 .037 0.85 0.90 0.95
Standoff § A1 .002 .004 .006 0.05 0.10 0.15
Overall Width E .246 .251 .256 6.25 6.38 6.50
Molded Package Width E1 .169 773 A77 4.30 4.40 4.50
Molded Package Length D 193 197 .201 4.90 5.00 5.10
Foot Length L .020 .024 .028 0.50 0.60 0.70
Foot Angle [} 0 4 8 0 4 8
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B1 .007 .010 .012 0.19 0.25 0.30
Mold Draft Angle Top o 0 a 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.005” (0.127mm) per side.

JEDEC Equivalent: MO-153

Drawing No. C04-087
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NOTES:
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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 IXX Examples:
s T a) MCP4921T-E/SN: Tape and Reel
Device Temperature  Package Extended Temperature,
Range 8LD SOIC package.

b)  MCP4921T-E/MS: Tape and Reel
Extended Temperature,
8LD MSOP package.

Device: MCP4921: 12-Bit DAC with SPI Interface c) MCP4921-E/SN: Extended Temperature,
MCP4921T: 12-Bit DAC with SPI Interface 8LD SOIC package.
(Tape and Reel) (SOIC, MSOP) d) MCP4921-E/MS:  Extended Temperature,
MCP4922: 12-Bit DAC with SP! Interface 8LD MSOP package.
MCP4922T: 12-Bit DAC with SPI Interface e) MCP4921-E/P: Extended Temperature,
(Tape and Reel) (SOIC, MSOP) 8LD PDIP package.

a) MCP4922T-E/SL: Tape and Reel
Extended Temperature,
14LD SOIC package.

b)  MCP4922T-E/ST. Tape and Reel

-40°C to +125°C

Temperature Range: E

Package: MS = Plastic MSOP, 8-lead Extended Temperature,
P = Plastic DIP (300 mil Body), 8-lead, 14-lead 14LD TSSOP package.
SN = Plastic SOIC, (150 mil Body), 8-lead c) MCP4922-E/P: Extended Temperature,
SL = Plastic SOIC (150 mil Body), 14-lead 14LD PDIP package.
ST = Plastic TSSOP (4.4mm Body), 14-lead d) MCP4922-E/SL:  Extended Temperature,

14LD SOIC package.
e) MCP4922-E/ST: Extended Temperature,
14LD TSSOP package.

Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitly or otherwise, under any intellectual
property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

==150/T$ 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEeLoQ, microlD, MPLAB, PIC, PICmicro,
PICSTART, PRO MATE, PowerSmart, rfPIC, and
SmartShunt are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, MXDEV, MXLAB, PICMASTER, SEEVAL,
SmartSensor and The Embedded Control Solutions Company
are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, dsPICDEM,
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR,
FanSense, FlexROM, fuzzyLAB, In-Circuit Serial
Programming, ICSP, ICEPIC, Migratable Memory, MPASM,
MPLIB, MPLINK, MPSIM, PICkit, PICDEM, PICDEM.net,
PICLAB, PICtail, PowerCal, Powerlnfo, PowerMate,
PowerTool, rfLAB, rfPICDEM, Select Mode, Smart Serial,
SmartTel and Total Endurance are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
inthe U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2004, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

4:2 Printed on recycled paper.

Microchip received ISO/TS-16949:2002 quality system certification for
its worldwide headquarters, design and wafer fabrication facilities in
Chandler and Tempe, Arizona and Mountain View, California in
October 2003. The Company's quality system processes and
procedures are for its PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip's quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS
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