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ABSTRACT

This thesis presents the tires pressure filling station used Microcontrolicr to control the
system. At present many people have interesting in tyrc inflation increasingly. Because between
driving in the different weather, the wind foree in tyrc is not equal that has impact on driving
control. So the operator has the idea to make the program of tyre inflation.

We made the tires pressure filling station that used the sensor to check the wind force in tyre. In
addition, LCD monitor was installed near the driver that can sce easicly. We also limited to inflate
between 1-10 bar, Afier testing the Tires Pressure Filling Station , it can show the measure on the

LCD monitor. So the driver will know the nusent wind force in tyre.
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VAR BYTE

VAR BYTE
VAR BYTE

'Constant
SYMBOL
SYMBOL

SYMBOL

SYMBOL
SYMBOL

SYMBOL

SYMBOL
SYMBOL

SYMBOL
SYMBOL
SYMBOL

SYMBOL

SYMBOL
SYMBOL

'‘SYMBOL

'SYMBOL

DEFINE

LOAD =PORTA.0 'MAX7912

CLK =PORTA.I
DIN =PORTA.2

UPKEY =PORTB.4
DWKEY =PORTB.O
KEYFUN =PORTB.7

FILL. =PORTB.1 'FILL PORT

RELS =PORTB.2

ACLK =PORTB.3
ADIN =PORTB.5
ADOUT =PORTB.6
ACS =PORTAA4

SETVAL_HI=0
SETVAL LO =1

SCL =PORTA.3
SDA =PORTAA4

SHIFT_PAUSEUS 100

'RELEASE PORT

'MAX192

INCLUDE "modedefs.bas"”




INITIAL:

option_reg.7 =0
CMCON = %00000111
VRCON=0
TRISA = %11011000
TRISB = %10010111
HIGH FILL
HIGH RELS

Low LOAD

Pause 100

ShiftOut DIN,CLK,1,[$0F,$00) 'TEST
High LOAD

Pause 5

Low LOAD

ShiftOut DIN,CLK,1,[$0C,$01] ‘SHUT DOWN
High LOAD
Pause 5

Low LOAD

ShiftOut DIN,CLK,1,{$09,$00] 'DECODE MODE
High LOAD
Pause-S .

Low LOAD

ShiftOut DIN,CLK,1,[$0A,$0F] ‘INTENSITY
High LOAD
Pause 5

Low LOAD

ShiftOut DIN,CLK,1,[$0B,$07] 'SCAN LIMIT



High LOAD
Pause §

Low LOAD

ForI=1TO 16
ANABUFI[I}=0

Next I

TIMER =0
OPR_FLG =0

FILL FLG =0

SAVE_FLG =0

MODE =0 '0=AUTO 1=MANUAL
FILLRDY =0

PRESSRDY =0

READ SETVAL_HLSETVALBYTEI
READ SETVAL_LO,SETVAL.BYTEO

GoTo START

SCANDSP:  Fori=1TOS8
ShiftOut DIN,CLK,1,{I,DISPBUF(1}]
High LOAD -
Pause 5
Low LOAD

Next |

Return

GETPAT:  LookUp
DSPPOL[$7E,$30,86D,579,$33,85B,$5F,$70,$7F,$7B,$77,$1F,$4E,$3D,$4F,347] DSPPAT

Retum




GETADC: Low ACS
ShiftOut ADIN,ACLK,1,[%10001111]
Pause 5
Shiftin ADOUT,ACLK,2,|JANAFILT.BYTE1,ANAFILT.BYTEQ]
High ACS
ANAFILT = ANAFILT >> 6
For1=1TO 15
ANABUF1{1] = ANABUFi{I+1]
Next [
ANABUF1[16] == ANAFILT
ANAFILT=0
Forl=1TO I6
ANAFILT = ANAFILT + ANABUF1{I]
Next [
ANAFILT = ANAFILT /16
IF ANAFILT < 200 THEN ANAFILT =200
ANAFILT = ((ANAFILT * 10)/8) - 250
ANALOG! = (ANAFILT * 15)/10

Retun

Al

PVCONV:  DISPBUF[7]=0

DISPBUF[2] =0

DISPBUF[4] =0 |

DISPBUF{3] = 0

ANACONV1 = ANALOG]I

IF ANACONV1 >= 1000 THEN
DSPPOI = ANACONVI1 DIG 3
Call GETPAT
DISPBUF[7] = DSPPAT

ENDIF

IF ANACONV1 >= 100 THEN
DSPPOI = ANACONV1 DIG 2




Call GETPAT
DISPBUF[2] = DSPPAT

ENDIF

DSPPOI = ANACONVI DIG |

Call GETPAT

DISPBUF([4] = DSPPAT | $80 '‘BITWISE OR DOT
DSPPOI = ANACONVI DIG 0

Call GETPAT

DISPBUF[3] = DSPPAT

Retum

SVCONV: IF MODE = I THEN SYMANUAL
DISPBUF[8] =0
DISPBUF[1] =0
DISPBUF{5] =0
DISPBUF[6] =0
IF SETVAL >= 1000 THEN
DSPPOI = SETVAL DIG 3
Call GETPAT
DISPBUF{8] = DSPPAT

ENDIF

IF SETVAL >= 100 THEN
DSPPOI = SETVAL DIG 2
Call GETPAT
DISPBUF[1] = DSPPAT

ENDIF

DSPPOI =SETVAL DIG |

Call GETPAT
DISPBUF[5] = DSPPAT | $80 'BITWISE OR DOT
DSPPOI = SETVAL DIG 0



Call GETPAT
DISPBUF[6] = DSPPAT

Return

SVMANUAL: DISPBUF[8] = $01
DISPBUF[1] = $01
DISPBUF(S] = $01
DISPBUF[6] = $01
RETURN

GETKEY:  High UPKEY
High DWKEY
High KEYFUN

IF SAVE_FLG = 1 THEN
TIMER = TIMER - 1
IF TIMER = 0 THEN
WRITE SETVAL_HISETVAL.BYTEI
WRITE SETVAL _LO,SETVAL.BYTEO
SAVE_FLG =0
ENDIF
ENDIF
" {F UPKEY =0 Then !NCSETVAL
IF DWKEY = 0 THEN DECSETVAL
IF KEYFUN = 0 THEN FUNKEYOPR
RETURN

L}

INCSETVAL: IF MODE =1 THEN INCMANUAL
SETVAL =SETVAL +1
IF SETVAL > 1470 THEN SETVAL = 1470
DELAY =5

INCSVLP: HIGH UPKEY




Call GETADC

Call PVCONV

CALL SVCONV

Call SCANDSP

DELAY =DELAY - |

IF UPKEY =0 AND DELAY >0 THEN INCSVLP

INCRLOOP:  IF UPKEY = | THEN INCRSKP
SETVAL = SETVAL + 1
IF SETVAL > 1470 THEN SETVAL = 1470
HIGH UPKEY
Call GETADC
Call PVCONV
CALL SVCONV
Call SCANDSP
PAUSE 10
GOTO INCRLOOP
INCRSKP:  TIMER = 200
SAVE_FLG =1
RETURN

INCMANUAL: IF UPKEY =1 THEN INCMANSKP
LOW FILL.
HIGH RELS
HIGH UPKEY
Call GETADC
Call PVCONV
CALL SVCONV
Call SCANDSP
PAUSE 10
GOTO INCMANUAL
INCMANSKP: HIGHFILL




RETURN

DECSETVAL: IF MODE = 1 THEN DECMANUAL
SETVAL = SETVAL - 1
IF SETVAL > 1470 THEN SETVAL =0
DELAY =35
DECSVLP: HIGH DWKEY
Call GETADC
Call PVCONV
CALL SVCONV
Call SCANDSP
DELAY =DELAY -1
IF DWKEY =0 AND DELAY > 0 THEN DECSVLP

DECRLOOP:  [F DWKEY = 1 THEN DECRSKP
SETVAL = SETVAL - 1
IF SETVAL > 1470 THEN SETVAL = 0
HIGH DWKEY
Call GETADC
Call PVCONV
CALL SVCONV
Call SCANDSP
PAUSE 10
GOTO DECRLOOP
DECRSKP:  TIMER = 200
SAVE FLG=1
RETURN

+

DECMANUAL: IF DWKEY =1 THEN DECMANSKP
LOW RELS
HIGH FILL
HIGH DWKEY




Call GETADC

Call PVCONV

CALL SVCONV

Call SCANDSP

PAUSE 10

GOTO DECMANUAL
DECMANSKP: HIGH RELS

RETURN

FUNKEYOPR: IF MODE =0 THEN
MODE =1
ELSE
MODE =0
ENDIF

HIGH KEYFUN
PAUSE (500)
FUNKYLOOP: IF KEYFUN = 1 THEN FUNKYSKP
Call GETADC
Call PVCONV
CALL SVCONV
Call SCANDSP
PAUSE 10
GOTO FUNKYLOOP
FUNKYSKP: RETURN

'

CONTROL: IF MODE = 1 THEN CONTRSKP
IF OPR_FLG =0 THEN
HIGH FILL
HIGH RELS
IF ANALOGI > 10 AND FILLRDY =0 AND PRESSRDY =0 THEN OPR_FLG =

1 'OPERATION ON AND CHECK



ENDIF

IF OPR_FLG =1 THEN
IF ANALOGI < SETVAL AND PRESSRDY =0 THEN
FILLLOOQP: LOW FILL
HIGH RELS
PAUSE (3000)
HIGH FILL
pause (3000)
forJ=1to 20
CALL GETADC
nextJ
Call PVCONV
Call SCANDSP
1IF ANALOGI1 < SETVAL THEN FILLLOOP
PRESSRDY =1
ENDIF

IF ANALOG!1 > SETVAL AND FILLRDY = 0 THEN
LOW RELS
HIGH FILL

ENDIF

IF ANALOG1 = SETVAL OR ABS(ANALOGI - SETVAL} <=2 AND FILLRDY ==
0 THEN
PAUSE (1000)
HIGH FILL
HIGH RELS
FILLRDY =1
ENDIF

IF ANALOGI < 10 THEN



OPR_FLG =0

FILLRDY =0

PRESSRDY =0
ENDIF

ENDIF
RETURN

CONTRSKEP: OPR_FLG =0
RETURN

START: Call GETKEY
Call GETADC
Call PYVCONV
CALL SVCONV
Call SCANDSP
CALL CONTROL
GoTo START

End
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efecborsoo

Pressure sensors

I
PA3024

Electronic pressure sensor
PA30

GWlt
UL compliant?)
Analog output

Measuring range
0...10 bar

Application

Electrical design

Output

Operating voltage [V]
Reverse polarity protection

overload protection

Analog output

Lead for analog output {ohms]
Permissible overl pressure [bar]
Bursting pressure min. {bar]

Accuracy / deviations

(in % of the span)
Characteristics deviation *)
Repeatability **)

Temperature coefficients
(TEMPCOQ) in the temperature
range -25...80 °C (in% of the
span per 10 K)

- greatest TEMPCO of the zero
point

- ﬁreatest TEMPCCQ of the sian

Response time analog

outiut |ms|

0]
ifm electronic

Type of pressure: relative pressure
Liquids and gases

oC

4...20 mA analog

max. {Ub-9.6V)x 50, 720atUb=24V




Operating temperature [°C]

Medium ternperature [°C] -25...90 ¥+

Storage temperature {°C} -40...100

Protection IP 65 11|

Insulation resistance [MY)

> 100 (500 v BC

Shock resistance [g] 50 (DIN / IEC 68-2-27, 11ms

Vibration resistance {g]

20 (DIN / IEC 68-2-6, 10 - 2000 Hz

Min. pressure cycles

100 million

EN 61000-4-2 ESD: 4 kv CD/BKVAD
EN 81000-4-3 HF radiated: 30 V/m

EN 61000-4-4 Burst: 2 kv
EN 81000-4-6 HF conducted: 10 V

Housing material

stainless steel (316512); FPM {Viton); PA; EPDM/X {Santoprene

Materials (wetted parts) stainless steel (303522); ceramics; FPM (Viton

Connection M12 connector

Remarks ') approval applied for
*}incl. linearity, zerc and span error
**) with temperature fluctuations < 10 K
o) -40...90 °C upon request
ifm efector, inc. 782 Sprngdale Dnve, Exton, PA — We resarve the right to make techocaé aiterabons without pnor notice. — S — PA3024 — 26.09.2006

16341
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General Description

The MAX192 is a low-cost, 10-bit data-acquisition system
that combinas an 8-channel multiplexer, high-bandwidth
track/hold, and seriat interface with high coaversion
speed and ultra-low power consumption. Tho device
operates with a single +5V supply. The analog inputs are
software canfigurable for single-ended and differential
(unipolar/bipalar) operation.

The 4-wire scrial intadface connects directly to SPI™,
QSPI™, and Microwire™ devices, wilhout using exiernal
iogic. A serial strobe output allows direct connection to
TMS320 family digital signal processors. The MAX192
uses either the internal clock or an exiernal serial-
interface clock ta perform successive approximation A/D
conversions. The serial interface can operate beyond
AMHz when the internal clock is used. The MAX192 has
an internal 4.096V reference with a drift of +30ppm typi-
cal. A reference-buffer amplifier simplifies gain trim and
two sub-LSBs reduce quantization errors.

The MAX192 pravides a hardwired SHON pin and two
software-selectable power-down modes. Accessing the
serial interface automatically powers up the device, and
the quick turn-on fime allows the MAX192 to be shut
down between conversions. By powering down
between conversions, supply currert can be cut to
under 10uA at reduced sampling rates.

The MAX102 is available in 20-pin DIP and SO pack-
ages, and in a shrink-small-outline package (SSOP)
that occupies 30% less area than an 8-pin DIP. The
data format provides hardware and software compati-
bility with the MAXT86/MAX188. For anti-aliasing fikers,
consult the data sheets for the MAX291-MAX297.

Applications

Autamative

Pen-Erury Systems
Consumer Electronics
Portable Data Logging
Robotics

Battery-Powered [nstruments, Baltery
Management

Medical Instruments
Features

See last page for Typical Operating Circuit.

5PI and QSPi are trademarks of Motorola Corp.
Microwire is a radlemark of National Semicanductor Corp.

MAXIMN

MAXI/N

Low-Power, 8-Channel,
Serial 10-Bit ADC

+ B-Channel Single-Ended or 4-Channel! Differential
Inputs
+ Single +5V Operation
¢+ Low Power: 1.5mA (operating)
2pA (power-down}
+ Internal Track/Hold, 133kHz Sampling Rate
+ Internal 4.096V Reference
+ 4-Wire Serial Interface is Compatible
with SP], QSPi, Microwire, and TMS5320
+ 20-Pin DIP, SO, SSOP Packages
+ Pin-Compatible 12-Bit Upgrade (MAX186/MAX188)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE INL{LSB)
MAX132ACFP 0°Cto +70°C 20 Plastic DIP - £1/2
MAX192BCPP 0°Cto +70°C 20 Plastic DIP 21
MAX132ACWP 0°Cto +70°C 20 Wide SO +142
MAX192BCWP o°Cto +70°C 20 Wide S0 11
MAX192ACAP 0°Cto +70°C 20 S50P +12
MAX192BCAP C°Cto +70°C 20 S50P +1
MAX1G92AEPP  -40°C to -BS°C 20 Plastic DIP £1/2
MAXT92BEPFP  .40°C to +85°C 20 Plastic DIP 1
MAX192AEWP -40°Cto +85°C 20 Wide SO +1/2
MAXI1G2BEWP -40°C 1o +85°C 20 Wide SO +1
MAX192AEAP  -40°C to +85°C 20 SSOP +1/2
MAX19ZBEAP  -40°C 1o +B5°C 20 S50P +1
MAX192AMIP  -55°Cto +125°C 20 CERDIP +1/2
MAX192BMJP  -55°C 1o +125°C 20 CERDIP +1

Pin Configuration
TOP VIEW .
.
cho % _151 Voo
ezl [13] scux
cHe % Maxim g &
CH3 |4 MAXTG? E DIN
che [5 [16] sstea
CH5 % 15] pout
o 7 % DGND
et [8] [13] AGhD
AGND E REFAD)
SHON [10 EVREF
DIPISOISSOP

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-398-8800.
For smail orders, phone 408-737-7600 ext. 3468.
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MAX192

Low-Power, 8-Channel,
Serial 10-Bit ADC

ABSOLUTE MAXIMUM RATINGS

VDB IO AGND ...t e -0.3VIo +6V
AGND 1o DGND 0.3V 10 +0.3V
CHO~CHT to AGND. DOND ... 0.3 10 (VpD + 0.3V)

CHO-CHT Tatal Input Current..
VREF to AGND ... .
REFADJ to AGND ...

...................... ... 220mA
.. -0.3V 10 (VpD + 0.3V)
03V o (VoD + 0.3V)
Digital tnputs to DGND...... .. -0.3v 1o (Vpp + 0.3V}
Digital Outputs to DGND ... . -0.3V o (Voo + 0.3V)
Digitat Output Sink CUTENL ..o 25mA.

Continucus Power Dissipation {Ta = -70°C)
Plastic DIP (derate 11.11mW/°C above +70°C) . ... 8BOmW
S0 [derate 10.00mW/C above -70°C) ... BOOmW
SSOP (derate 8.00mwW/ C above ~70°C) ... £540mwW
CERDIP {deraie 11.11mW/°C above -70°C).........
Operating Temperature Ranges

MAXTG2_C P .o RPN ..0°Cta +~70°C
MAXIQ2_E_P. -40°C to +85°C
MAX192_MJIP ... -55°C 1o «125°C

Siorage Temperature Range.... ... ... -60°C to +150°C
Lead Temperature {soldering. 10SeC) ..o +300°C

Stresses beyond those listed under "Absofuite Maximum Ratings”™ may cause permanent damaqe to the device. These are siress ratings only. and functions!
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specificalions is pot impliad. Exposure 0
absoltte maximum rating conditions for extendad perivds may affect devica relistility

ELECTRICAL CHARACTERISTICS

(Vpp = 5V +£5%, fo k = 2.0MHz, external clock (50% duty cycle), 15 clocks/conversion cycle {133ksps), 4.74F capacitor at VREF pin.
Ta = Ty 1o Tmax, unless otherwise noted. Typical values are at Ty = +25°C))

PARAMETER I?YMBOL] CONDITIONS ' MIN TYP MAX | UNITS
DC ACCURACY (Nate 1)
Resolution 10 Bits
Relative Accuracy (Note 2) MAX1 924 2 LSB

MAX192B z1
Cifferential Nonlinearity DNL No missing codes over temperature +1 LSB
Ofiset Error 2 LSB
Gain Error External reference, 4.096V +2 LSB
Gain Temperature Coefficient External reference, 4.096Y =0.8 ppm/°C
Channel-tp-Channel -0 LSB
Offsel Matching
DYNAMIC SPECIFICATIONS (10kHz sine-wave input. 4.096Vp-p. 133ksps, 2.0MHz external clock)
Signal-o-Noise + Distortion Ratio| SINAD 66 dB
(ol tormeic Do | w0 | - a8
Spurious-Free Dynamic Range | | SFDR 70 dB
Channel-o-Channel Crosstalk : 65kHz, VIN = 4.096Vp-p {Note 3) -75 dB
Smatl-Signal Bandwidth -3dB rolloff 4.5 Mtz
Full-Power Bangwidth 800 kHz
CONVERSION RATE
Internal clock 5.5 10
Conversion Time (Note 4) HCONY External clock, 2MHz, 12 clocks/conversion [ K3
Track/Hold Acquisition Time Az 1.5 ys
Apenrwre Delay 10 ns
Aperture Jitter <50 ps
internal Clock Freguency 1.7 MHz
MAXIMN




Low-Power, 8-Channel,
Serial 10-Bit ADC

ELECTRICAL CHARACTERISTICS (continued)

Viop = 5V =5%, gk = 2.0MHz, external clock (50% duty cycle). 15 clocks/conversion cycle (133ksps), 4.7pF capacitor at VREF pin,
Ta = Thun 10 Taax unless otherwise noted. Typical values are at Ta = -25°C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Exiernal compensaton, 4. 7pfF 0.1 2.0

External Clock Frequency imernal compensaton (Note 5) 0.1 0.4 MHz
Used for data transfer onfy 10

ANALOG INPUT -
Common-mode range (any npui) 0 VoD
Single-cnded range {unipolar onty} 0 VREF

malog Input Voltage rwpotar 0 VREF v

ole 6) ] -

Dif.fefenual range Bipolar “ir"z.i +V_RZEE

Multiplexer Leakage Current On/foff teakage current; Vin = 0V, 5V +0.01 x1 P

Input Capacitance {Note 5) 16 pF

INTERNAL REFERENCE (reference buffer enabled) )

VREF Cutput Voilage Ta = +25°C (Note 7) 4066 4.096 4.126 v

VREF Shon-Circuit Current 30 mA

VREF Tempco +3C ppm/*C

Load Regulation (Note 8) OmA to 0.5mA output load 2.5 mv

Capaciive Bypass at VREF I_nternal compensalion 0 uF
External compensation 4.7

» Internal compensation 0.0

Capaciive Bypass at REFAD) External compensation 0.01 HF

REFADJ Adjustment Range x1.5 %

EXTERNAL REFERENCE AT VREF (buffer disabled, VREF = 4.096\!)

Input Voliage Range 2.5 \S’,gr?"l\-; v

Input Current 200 350 pPA

Input Resistance 12 20 k&2

Shuidown VREF Input Current — . 15 10 HA

Buffer Cisable Threshold VDD - - v

REFAD : . ' Somv

EXTERNAL REFERENCE AT REFADJ

. internal compensaticn mode G

Capacitive Bypass at VREF uF
External compensation mode 4.7

Reference-Buffer Gain 1,678 ViV

REFADJ Input Current £50 pA

MAXIMN 3
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MAX192

Low-Power, 8-Channel,
Serial 10-Bit ADC

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 5V 5%, To g = 2.0MHz, external ciock (50% duty cycle). 15 clocks/convarsion cycle (133ksps). 4.7uF capacilor at VREF pin.
Ta = Tmin to Taax unless otherwise noted. Typical values arc at Ta = ~25°C)

| PARAMETER [symBoL | CONDITIONS MIN  TYP  MAX | UNITS
DIGITAL INPUTS (DIN, SCLK, CS, SHDN)
DiN.SCLK, TS Input High Voltage | VinH 24
DIN.SCLK, TS Input Low Voliage | ViNL ' 0.8 v
DIN. SCLK, TS Input Hysteresis VHYST 0.15
DIN. SCLK, TS input Leakage NN Vin = OV or VDD £1 PA
DIN,SCLK. TS Input Capacitance CIN {Note 5) 15 pF
SHDN Input High Voltage VINH Vpn-0.5
SHDN tnput Low Voliage VING 0.5 Vv
SHDN Input Current, Righ HnH SHDN = Vpp 4.0 HA
SHDN Input Current, Low I SHON = ov -4.0 pA
SHDN Input Mid Voltage ViM 1.5 VoD - 1.5 v
SHDN Voltage. Floating VFLT | SHDN = gpen 2.75 v
Eﬂkiidompr\ﬂ?x Allowed Leakage. SHADN - open -100 100 nA
DIGITAL OUTPUTS (DOUT, SSTRB) -
ISiNK = DmA 0.4
Quiput Voliage Low VoL ISINK = T6mA 03 v
Output Voltage High VOH ISOURCE = TmA 4 v
Three-State Leakage Current IL CS =5V 10 pA
Three-State Leakage Capacitance| Cour | €5 = 5V (Note 5} 15 pF
POWER REQUIREMENTS '
Positive Supply Voltage VDo 5=5% v
Operating mode 1.5 2.5 maA
Positive Supply Current DD Fast power-down 30 70
Full power-down 2 10 bA
(F,Sostigv; Suppf)i Rejection PSR xﬁpszafgf;gz?, aexternal reference, 4.096V, .006 105 mv

Note 1: Tested at Vpp = 5.0V; single-ended. unipotar.

Note 2: Relative accuracy is the deviation of the analog value at any code Irom its theoretical value after the full-scale range has
been calibrated.

Note 3: Grounded on-channel; sine wave applied to all off channels.

Note 4: Conversion time delined as the number of clock cycles times the clock penod: clock has 50% duty cycle.

Note 5: Guaranteed by design. Not subject to production testing.

Note &: The common-mode range for the analog inputs is from AGND to Vpp.

Note 7: Sample tested to 0.1% AQL.

Note B: External load should not change during conversion lor specified accuracy.

Note 9: Measured at Vgyppry ~ 5% and Vsyppy - 5% only.

MAXIMN




Low-Power, 8-Channel,
Serial 10-Bit ADC

TIMING CHARACTERISTICS

(VDo = 5V 25%. Ta = Ty (0 Tyypx. unless aothenmse noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Acqguisition Time A7 1.5 ys
DIN to SCLK Setup tDs 100 ns
DIN {0 SCLK Haid IDH 0 ns
SCLK Fall to Qutput Data Valid o] CLOAD = 100pF 20 150 ns
S Fall to Quiput Enable 1DV CLoAD = 100pF 100 ns
CS Rise to Output Disable TR CLoaD = 100pF 100 ns
TS 1o SCLK Rise Setup 1CSS 100 ns
TS to SCLK Rise Hold tCSH 0 ns
SCLK Pulse Width High ICH 200 ns
SCLK Pulse Width Low L 200 ns
SCLK Fall o SSTRB 1ssTREB | CLOAD = 100pF 200 ns
E:Nsofeag)m SSTRE Ouiput Enable tspv External clock mode only, CLoarb = 100pF 200 ns
gi;ﬁ? ;ﬁjg‘g‘?a Quiput 1sTR External clock mode only. CLgab = 100pF 200 ns
?5‘(1285?‘56 10 SCLK Rise tSCK Internal clock mode only 0 ns

Note 5: Guaranteed by design. Not subject to production testing.

Typical Operating Characteristics

POWER-SUPPLY REJECTION INTERNAL REFERENCE VOLTAGE CHANNEL-TO-CHANNEL OFFSET MATCHING
vs, TEMPERATURE vs. TEMPERATURE ¥s. TEMPERATURE
0.30 —T T 016 - T
Von = 49V 15% 2.45 . N
0.25 2 b 0 I
R . . - V)
0m - 2 455 V/ 43 N
= A 2 01
."J'j 0.5 g \ % \
= \ 2454 E; 0.08
g a0 = / = N
\ =3 l = 906 \
00 2.453 & o \\ rL
0 . 2452 ! ) o0 j
[ \
-0.05 0
60 4020 © 20 40 60 BO 100 120340 6040 20 D 20 4D &0 80 100 120 14D 60 40 -20 0 20 4G 60 B0 100 20 14D
FEMPERATURE {-C) TEMPERATURL {*C} TEMPERATURE (-C)

MAXIMN 5
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MAX192

Low-Power, 8-Channel,
Serial 10-Bit ADCs

Pin Description

PIN NAME FUNCTION
1-8 CHO-CRHY Sampling Analog lnputs
9,13 AGND Analog Ground. Alsc IN- tnput for single-cnabled cenversions. Connect both AGND pins to
analog ground.
Three-Level Shutdown Input. Puling SHON low shuts the MAX192 down to 10pA (max) supply cur-
10 Ao rent, otherwise the MAX192 1s fully operational. Pulling SHDN high puts ihe reference-buffer amplifi-
er in internal compensaucn mode Leting SHON float puts the reference-bufler amplifier in external
compensation mode.
Reference Voltage for analog-to-digital conversion. Also. Output of the Reference Buffer Amplifier.
11 VREF Add a 4.7pF capacitor to ground when using external compensation mode. Also functions as an
input when used with a precision externai reference.
12 REFADJ Reference-Buffer Amplifier input. To disable the reference-bufler amplifier. tie REFADJ to VDD.
14 DGND Digital Ground
Serial Data Output. Data 1s clocked out al the falling edge of SCLK. High impedance when TS is
15 bout figh
Serial Strobe Output. in internal clock mode, SSTRB goes low when the MAX192 begins {he A/D
16 SSTRE conversion and goes high when the conversion is done. In external clock mode, SSTRB putses high
for gne cleck period before the MSB decision. S5TRB is high impedance when CS is high
{external made).
17 DiN Seriai Data Input. Data is clocked in at the rising edge of SCLK.
18 TS Active-Low Chip Select. Data will not be clocked into DIN unless T3 is low. When TS is high, DOUT
is high impedance.
19 SCLK Serial Clock (mput. Clocks data in and out of serial interface. I exiernal clock mode, SCLK also sels
the conversion speed. (Duty cycle must be 40% to 60% in external clock mode.)
20 VoD Positive Supply Voltage, +5V 5%
3k . _ *
DouT our - DOuT

* I CLoap
—= DGND =

a) High-Z 1o Von and Voo 10 Vou

é‘)

3k Cioa0

I —

Dout %
t
1

i

8
8

DGND = DOGND

b} High-Z to VgL and Vo to VoL a) Vou to High-Z b} Voo to High-Z

Figure 1.

Load Circuits for Enable Time

tigure 2 Load Circuits for Disabled Time

INAXL/A
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Figure 3. Block Diagram

Detailed Description
The MAX192 uses a successive-approximation conver-
sion technique and input track/hofd {T/H) circuitry (0
convert an analog signal o a 10-bit digital output. A
flexible serial interface provides easy interface to
microprocessors. No external hold capacitors are
required. Figure 3 shows the block diagram for the
MAX192.

Pseudo-Differential Input
The sampling architecture of the ADC's analog com-
parator is illusirated in the Equivalent fnput Circuit
{Figure 4). In single-ended mode, IN+ is internally
switched to CHO-CH7 and IN- is switched to AGND. In
differential mode, IN+ and IN- are selected from pairs
of CHO/CH1, CH2/CH3, CHA4/CH5, and CHE/CH7. Refer
to Tables 1 and 2 to configure the channels.

In differential mode, IN- and IN+ are internally switched
to either one of the analog inputs. This configuration is
pseudo-differential to the effect that only the signal at
IN+ is sampled. The return side (IN-) must remain sta-
ble within +0.5LSB (+0.1LSB for best resulls) with

MAXIMN

Figure 4. Equivaient Input Circuit

respect to AGND during a conversion. Accomplish this
by connecting a 0.1pF capacitor from AIN- (the select-
ed analog input, respectively) to AGND.

Ouring the acquisition interval, the channel selected as
the positive input {IN+} charges capacitor CygLp. The
acquisition interval spans three SCLK cycles and ends
on the falling SCLK edge after the last bit of the input
control word has been entered. At the end of the acqui-
sition interval, the T/H switch opens, retaining charge
on CHOLD as a sample of the signal at IN+.

The conversion interval begins with the input multiplex-
er switching CHoLD from the positive input (IN+) to the
negative input (IN-). In single-ended mode, IN- is
simply AGND. This unbalances node ZERO at the input
of the comparator. The capacitive DAC adjusts during
the remainder of the conversion cycle to restore its
node ZERQ to OV within the fimits of its resolution. This
action is equivalent to transferring a charge of
186pF x (ViN+ - ViN-) from CHOLD to the binary-weighted
capacitive DAC, which in turn forms a digital represen-
tation of the analog input signal.

c6LXYIN
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Track/Hold
The T/H enters its tracking mode on the falling clock
edge after the fifth bit of the 8-bit control word has been
shifted in. The T/H enters s hold mode on the falling
clock edge after the eighth bit of the control word has
been shifted in. If the converter is set up for single-ended
inputs, IN- is connected to AGND. and the converter
samples the "+" input. ¥if the convener is set up for differ-
ential inputs, IN- connects to the *-" input, and the differ-
ence of |IN+ - IN-| is sampled. At the end of the conver.
sion, the positive inpul connects back to N+, and
CroLD charges to the input stgnal.

The time required for the T/H to acquire an input signal is
a function of how quickly its input capacitance is charged.
If the input signal's source impedance is high, the acquisi-
tion time lengthens and more time must be allowed
between conversions. Acquisition time is calculated by:

taz = 9 (Rs + Rin) 16pF

where Ry = 5kQ, Rg = the source impedance of the
input signal, and tAZ is never less than 1.5ps. Note that
source impedances below 5kW do not significantly affect
the AC performance of the ADC. Higher source imped-
ances can be used if an input capacitor is connected to
the analog inputs, as shown in Figure 5. Note that the
input capacitor forms an RC filter with the input source
impedance, limiting the ADC's signal bandwidth.

Input Bandwidth
The ADC's input tracking circuitry has a 4.5MHz
small-signal bandwidth, so it is possible to digitize
high-speed transient events and measure periodic sig-
nals with bandwidths exceeding the ADC's sampling
rate by using undersampling techniques. To avoid
high-frequency signals being aliased into the frequency

band of interest, anti-atias fittering is recommended.
See the data sheets for the MAX291-MAX297 filters,

Analog Input Range and Input Protection
Internal protection diodes, which clamp the analog
input to Vpp and AGND, allow the channet input pins to
swing from AGND - 0.3V to Vpp + 0.3V without dam-
age. However, for accurate conversions near full scale,
the inputs must not exceed Vpp by more than 50mV, or
be lower than AGND by 50mV.

If the analog input exceeds 50mV beyond the sup-
plies, do not forward bias the protection diodes of
off channels over ZmA.

The MAX192 can be configured for differential {unipolar
o7 bipolar) or single-ended (unipolar only} inputs, as
selected by bits 2 and 3 of the control byte (Tabile 3).

In the single-ended mode, set the UNVBIP bit to unipolar.
In this mode, analog inputs are internally referenced Lo
AGND, with a full-scale input range from OV to VREeF.

In differential mode, both unipolar and bipolar settings
can be used. Choosing unipolar mode sets the differen-
tial input range at OV to VRer. The ouiput code is invalid
{code zero) when a negative differentiat input voltage is
applied. Bipolar mode sets the differential input range o
+Vrer / 2. Note that in this differential mode, the com-
mon-mode input range includes both supply rails. Refer
to Tables 4a and 4hb for input voltage ranges.

Quick Look
To evaluate the analog performance of the MAX192
quickly, use Figure 5's circuit. The MAX122 requires a
control byte to be written to DIN before each
conversion. Tying DIN to +5V feeds in control bytes of

Table 1. Channel Selection in Single-Ended Mode (SGL/DIF = 1)

SEL2  SEL1 SELOD CHO CH1 CH2 CH3 CH4 . CHS CHE CH7  AGND
0 0 o+ ) -
1 0 0 + -

0 0 1 + -

1 0 1 N -

0 1 0 - -

1 1 0 + -

0 1 1 . -

1 1 1 - -
MAXIMN
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Table 2. Channel Selection in Differential Mode (SGL/DIF = 0}

SEL2 SEL1 SELO CHo CH1 CH2 CH3 CH4 CHS CHé CH?
0 0 o . -
0 0 1 + -
0 1 0 - -
Q 1 1 + -
1 0 0 - +
7 0 1 - .
1 1 0 - -
1 1 .1 - *

Table 3. Control-Byte Format

Bit 7 Bit 6 Bit S Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
{MSB) (LSB)
START SEL2 SELY SELO UNI/BIP SGLDIF PD1 PDO
Bit Name Description

7T(MSB) START The first lagic "1" bit after TS goes low defines the beginning of the control byte.

6 SEL2 These three bits select which of the eight channels are used for the conversion.

5 SELT See Tables 1 and 2.

4 SELD

3 UNI/BIP 1 = unipotar, 0 = bipolar. Selects unipoiar or bipolar conversion mode. In unipolar

mode, an analeg input signal from OV to VREF can be convened; in differential bipotar
mode. the differential signal can range from -VREF / 2 to +VREF / 2, Select differential
operation if bipolar mode is used.

? SGLDIF 1 = single ended, 0 = differential. Selecis single-ended or differential conversions. In
single-ended mode, input signal voltages are referred to AGND. In dilferential mode.
the voliage difference between two channels is measured. Select unipolar operation
if sing!e-ended mode is used. See lables ¥ and 2.

1 POY1 ~ Selects clock and power-down modes.
olsey - PDO PD1 ppo Mode
0 Full power-down {Ig = 2pA)

Fast power-down (I = 30pA)
Internal ¢lock mode
External clock mode

ey =]
N Y

MAXIMN 9
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Table 4a. Unipolar Full Scale and Zero
Scale

REFERENCE ;g:f’E FULL SCALE
Internal Refarence ov -4.0956V
External at REFADJ ov VReraDy (1.678)
Reference at VREF ov VREF

Table 4b. Differential Bipolar Full Scale,
Zero Scale, and Negative Full Scale

NEGATIVE | ZERO
REFERENCE FULL SCALE |SCALE FULL SCALE
Internal Reference -4.096Y /2 ov +4 086v /2
at -1/2VREFADY ov +1/2VREFADI
External | peFaD) (1.678) {1.678)
Relerence
0.at VREF HZ2VREF ov +12VREF

$FF (HEX). which trigger single-ended conversions on
CH7 in external clock mode without powering down
between conversions. In external clock mode. the
SSTRB output pulses high for one clock period before
the most significant bit of the conversion result comes
out of DOUT. Varying the analog input to CH7 should
alter the sequence of bits from DOUT. A total of 15
clock cycles is required per conversion. All transitions
of the SSTRB and DOUT outputs occur on the falling
edge of SCLK.

How to Start a Conversion
A conversion is started on the MAX192 by clocking
a contrgl byte into DIN. Each rising edge on SCLK,
with CS low, clocks a bit from DIN into the MAX192's
internal shift register. After CS falls, the first arriving
logic 1" bit defines the MSB of the controf byle. Untit
this first "start” bit arrives, any number of logic "0" bits
can be clocked into DIN with no effect. Table 3 shows
the control-byte format,

The MAX192 is compatible with Microwire. SPI, and
QSPI devices. For SPI, select the correct clock polarity
and sampling edge in the SPI control registers: set
CPOL = 0 and CPHA = 0. Microwire and SPIl both
transmit a byte and receive a byte at the same time.
Using the Typical Operating Circuit, the simplest soft-
ware interface requires only three B8-bit transfers to per-
form a conversion (one B-bit transfer to configure the
ADC, and two more 8-bit transfers to clock out the
12-bit conversion result).

10

Example: Simple Software Interface
Make sure the CPU’s serial interface runs in master
mode so the CPU gencrates the serial clock. Choose a
clock frequency from 100kHz to 2MHz.

1) Set up the control byle for external clock mode,
call it TB1. TB1 should be of the farmat:
TXXXXX11 binary, where the Xs denote the par-
ticular channel and conversion-mode selected.

2} Use_a general-purpose /O line on the CPU to
pull CS on the MAX192 low.

3) Transmit TB1 and simultancously receive a byte
and call it RB1. Ignore RB1.

4} Transmit a byte of all zeros (500 HEX) and
simultaneously receive byte RB2,

5) Transmit a bytc of all zeros (300 HEX) and
simultaneously receive byle RB3.

&) Puli CSon the MAX192 high.

Figure & shows the timing for this sequence. Byles RB2
and RB3 will contain the result of the conversion
padded with one leading zero, two sub-LSB bits, and
three trailing zeros. The total conversion time is a func-
tion of the serial clock frequency and the amount of
dead time between 8-bil transfers. Make sure that the
total conversion time does not exceed 120ps. to avoid
excessive T/H droop.

Digital Output
In unipolar input mode, the output is straight binary
(Figure 15). For bipolar inputs in differential mode, the
output is twos-complement (Figure 16}. Data is clocked
out at the falling edge of SCLK in MSB-first format.

internal and External Clock Modes
The MAX192 may use either an external serial clock or
the internal clock to perform the successive-approxima-
tion conversion. In both clock modes, the external clock
shifts data in and out of the MAX192. The T/H acquires
the input signal as the last three bits of the control byte
are clocked intg DIN. Bits PD1 and PDO of the control -
byte program the clock mode. Figures 7 through 10
show the timing characteristics common to both
modes.

MAXIMN
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g
External Clock Internal Clock

In external clock mode, the external clock not oniy
shifts data in and out, it also drives the analog-to-digital
caonversion steps. SSTRB pulses high for one clock
period after the last bit of the control byte.
Successive-approximation bit decisions are made and
appear at DOUT on each of the next 12 SCLK falling
-edges (see Figure 6). The first 10 bits are the true data
bits, and the last two are sub-L5B bits.

S5TRB and DOUT go inte a high-impedance state when
CS goes high; after the next CS falling edge, SSTRB will
output a logic low. Figure 8 shows the SSTRB timing in
external clock mode.

The conversion must complete in some minimum time, or
else droop on the sample-and-hold capacitors may
degrade conversion results. Use internal clock mode if the
clock period exceeds 10ps, or if serial-clock interruptions
could cause the conversion interval to exceed 120ps.

/NAXIL/MN

In internal clock mode. the MAX192 generates its agwn
conversion clock internally. This frees the microproces-
sor from the burden of running the SAR conversion
clock, and allows the conversion results to be read
back at the processor's corwenience, at any clock rate
from zero to typically T0MHz, SSTRB goes low at the
start of the conversion and then goes high when the
conversian is compiete, SSTRB will be low for a maxi-
mum of 10ps, during which time SCLK should remain
low for besl noise perfermance. An internal register
stores data when the conversion fs in progress. SCLK
clocks the data out at this register at any time after the
conversion is complete. After SSTRB goes high, the
next falling clock edge will produce the MSB of the
conversion at DOUT, followed by the remaining bits in
MSB-first format {Figure 9). CS does not need to be
held low once a conversion is staned.

11
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Pulting CS high prevents dala from being clocked into after the eighth bit of the control byte (the PDO bit) is
the MAX192 and three-states DOUT. but it does not clocked into DIN. The start bit is defined as:. -
adversely affect an internal clock-mode conversion - The first high bit clocked into DIN with TS low any-
already in progress. When internalt ctock mode is time the converter is idle, e.g. after Vpp is applied.
selected, SSTRB does not go into a high-impedance .

state when CS goes high. OR

Figure 10 shows the SSTRB timing in internal clock The: first high bit clocked into DIN after bit 3 of a
mode. In internal clock mode, data can be shifted in conversion in progress is clocked onto the DOUT pin.
and out of the MAX192 at clock rates exceeding f a falling edge on TS forces a stan bit before bit 3
4.0MHz, provided that the minimum acquisition Uime,  (g3) pecomes available, then the current conversion
taZ. is kept above 1.5is. will be terminated and a new one started. Thus, the

fastest the MAX192 can run is 15 clocks per conver-
sion. Figure 11a shows the serial-interface timing nec-
essary to perform a conversion every 15 SCLK cycles
in external clock mode. If TS is low and SCLK is contin-
uous, guarantee a start bit by first clocking in 16 zeros.

. Data Framing
The falling edge of CS does not start a conversion on
the MAX192. The first logic high clocked into DIN s inter-
preted as a start bit and defines the first bit of the control
byte. A conversion starts on the falling edge of SCLK,

12 /MAXI M




Low-Power, 8-Channel,
Serial 10-Bit ADC

SSTRB

SCLK

T PDO CLOCKED IN

Figure 8. External Clock Mode SSTRB Detailed Timing

&

AID STATE
1.505 (CLK = 2MH2)

SCLE vl Lz2) 18] sl |s] |s| f2f |e o] [w] |n] | | Jio] {28 || Jee| [e3] [=s
DIN fsram | iz [ seus [ seuo [ Y| 4] pon [ eoo | " m

W )

{, -
SSTRB ]—r" "

fu— wconv —w
5 FILLED WITH

DOUT — ———t [oe]ee [er ] & T2 s [ 50 ]zeros —

ACQUISITION. | CONVERSION
DLE —fa- e s vy S DL

Figure 9. internal Clock Mode Timing

Most microcontrollers require that conversions occur in
multiples of 8 SCLK clocks; 16 clocks per conversion
will typically be the fastest that a microcontroller can
drive the MAX192. Figure 11b shows the serial-inter-
face timing necessary to perform a conversion every 16
SCLK gycles in external clock mode. .

Applications Information

Power-On Reset
When power is first applied and if SHDN is not pulled
low, internal power-on reset circuitry will activate the
MAX192 in internal clock mode, ready to convert with
SSTRB = high. After the power supplies have been sta-
bilized, the internal reset time is 100ps and no conver-
sions should be performed during this phase. SSTRB is
high on power-up and, if CSis low, the first logical 1 on
DIN will be interpreted as a start bit. Until a conversion
lakes place, DOUT will shift out zeros.

MAXIMN

Reference-Buffer Compensation
in addition to its shutdown function, the SHDN pin also
selects internal or external compensation. The compen-

* sation affects both power-up time and maximum conver-

sion speed. Compensated or not. the minimum clock
rate is 100kHz due to droop on the sample-and-hold.

To select -external compensation, float SHDN. See the
Typical Operating Circuit, which uses a 4.7pF capacitor
at VREF. A value of 4.7pF or greater ensures stability
and allows operation of the converter at the full clock
speed of 2MHz. External compensation increases
power-up time (see the Choosing Power-Down Mode
section, and Table 5).

Internal compensation requires no_external capacitor at
VREF, and is selected by pulling SHDN high. Internal
compensation allows for shortest power-up times, but is
only available using an external clock and reduces the
maximum clock rate to 400kHz.

13
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Power.Down

Choosing Power-Down Mode

You can save power by placing the converter in a

low-current shutdown state between conversions.

Sclect full power-down or fast power-down mode via

bits 1 and 0 of the DIN control byte with SHDN either

high or floating (see Tables 3 and 6). Pull SHDN low at

any time 1o shut down the convener compietely. SHDN
overrides bits 1 and 0 of DIN word (see Table 7).

Full power-down mode turns off all chip functions that
draw quiescent current, typically reducing lpp 1o 2ZpA.

MAXIMN

Fast power-down mode turns off all circuitry except the
handgap reference. With the fast power-down mode. the
supply current is 30pA. Power-up time can be shortened
to 5ps in internal compensation mode.

In both software shutdown modes, the serial interface
remains operational, however, the ADC will not convert.
Tabte 5 illustrates how the choice of reference-buffer
compeansation and power-down mode affects both
power-up delay and maximum sample rate.

In external compensation mode, the power-up time is
20ms with a 4.7uF compensation capacitor when the
capacitor is fully discharged. In fast power-down, you
can eliminate start-up time by using low-leakage capaci-

15
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Table 5. Worst-Case Power-Up Delay Times

Reference Reference- VREF Power- Power-Up Maximum

Buffer Buffer Capacitor Down Delay Sampling
Compensation {pF) Mode {sec) Rate (ksps)
Mode

Enabled Internal Fast Sp 26

Enabled Internal Fall 300y 26

Enabled External 47 Fast See Figure 14¢ 133

Enabled External 47 Full See Figure 14c 133

Disabled Fast 2u 133

Disabled Fulf 2p 133

Table 6. Software Shutdown and Clock
Mode

Table 7. Hard-Wired Shutdown and
Compensation Mode

PD1  PDO Device Mode SHDN Device Reference-Buffer
] ] External Clock Mode State Mode Compensation
1 o Internal Clock Mode 1 Enabled Internal Compensation
0 1 Fast Power-Down Mode Floating Enabled External Compensation
0 0 Full Power-Down Mode 0 Full Power-Down  N/A

tors that will not discharge more than 1/2LSB while shut
down, In shutdown, the capacitor has to supply the cur-
rent into the reference (1.5pA typ) and the transient cur-
rents at power-up.

Figures 12a and 12b illustrate the various power-down
sequences in both external and internal clock modes.
Software Power-Down
Software power-down is activated using bits PD7 and
PDO of the control byte. As shown in Table 6. PD1 and
PDO also specify the clock mode. When software shut-
down is asserted. the ADC will continue to operate in
the last specified clock mode until the conversion is
complete. Then the ADC powers down into a low quies-
cent-current state. In internal clock mode, the interface
remains active and conversion results may be clocked
out while the MAX192 has already entered a software
power-down.
The first logical 1 on DIN will be interpreted as a start
bit, and powers up the MAX192. Following the start bit,
the data input word or control byte also determines
clock and power-down modes. For example, if the DIN
word contains PDT = 1, then the chip will remain pow-
ered up. If PD1 = 0, a power-down will resume after
one conversion.

16

Hardware Power-Down
The SHDON pin places the converter into the full
power-down mode. Unlike with the software shutdown
modes, conversion is not completed. It stops coinci-
dentally with SHDN being brought low. There is no
power-up delay if an external reference is used and is
not shut down, The SHDN pin also selects internal or
external reference compensation (see Table 7).

Power-Down Sequencing
The MAX192 auto power-down modes can save con-
siderable power when gperating at less than maximum
sample rates. The following discussion illustrates the
various power-down sequences.

L owest Power at up to 500
Conversions/Channel/Second
The following examples illustrate two different
powcer-down sequences. Cther combinations of clock
rates, compensation modes, and power-down modes
may give lowest power consumption in other applica-
tions.
Figure 14a depicts the MAX192 power consumption for
one or eight channel conversions utitizing full
power-down mode and internal reference compensa-
tion. A 0.0TpF bypass capacitor at REFADJ forms an

MAXIMN




Low-Power, 8-Channel,
Serial 10-Bit ADC

- COMPLETE CONVERSHON SEQUENCE
fe— mswnr —a (20R0S)
DN ( {ZERDS) ‘ ! Ch
T —G ! ! T TR T e —4 (T 1T
FULLPD FASTFD NOPD FULIFD FASTPD
25V !
REFAD)
ov
Py 1=RC = 2k{:x CREFapn) J
VREF
o
=]
lguFrEn = 15us
Figure 13. FULLPDYFASTPD Power-Up Sequence
FULL POWER-DOWN FAST POWER-DOWN
1000 5 10.000 —
T - -
3 BCHANNELS L1 = BSOS | A [ 1CHANNEL 7
% 100 ] - = 1000
K Z2r 1 CHANNEL Fe —
= 4 . o
(=] = ”
- / ,/’ ; Vi
& 10 [ / % 100
%) - “
E f 2ms FASTPD WAIT 3 g OMHZEXTERNAL CLOCK
400kHz EXTERNAL CLOCK EXTERNAL COMPENSATION  —|
INTERNAL COMPENSATION §0ps WALT -
y [ 1 1 1 ] 10 P SN B R B
O W0 200 30 400 500 0 & Bk 12k 16k
CONVERSKONS PER CHANNEL PER SECOND CONVERSIONS PER CHANNEL PER SECOND
Figure 14a. Supply Current vs. Sample Rate/Second, FULLFD, Figure 14b.  Supply Current vs. Sample Rate/Second. FASTPD,
400kHz Clock 2MHz Clock
RC filter with the internat 20k} reference resistor with a 10 _
0.2ms time constant. To achieve full 10-bit accuracy, ) ’
10 time constants or 2ms are required after power-up. 25 il
Waiting 2ms in FASTPC mode instead of full power-up ‘ {
will reduce the power consumption by a factor of 10 or P ! 1]l
more. This is achievéd by using the sequence shown in % I
Figure 13. S s i || A
Lowest Power at Higher Throughputs = |
Figure 14b shows the power consumptign with z 10 .
external-reference compensation in fast power-down, = ‘,
with one and eight channels converted. The external 05 i
4.7uF compensation requires a 50ps wait after L
power-up, accomplished by /5 idle clocks after a 0 i
dummy conversion. This circuit combines fast 00001 0001 001 07 ! 10
multi-channel conversion with lowest power consump- TRAC I SHUTOOWN (scc)

tion possible. Full power-down mode may provide

increased power savings in applications where the Figure 14c. Typical Power-Up Delay vs. Time in Shutdown

MAXIMN 17
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QUTPUT CODE
FULL SCALE
nom TRANSITION
n o
nom |
[}
[} ]
' ’ |
| i |
'
X ,’ | FS - +A096¢
1 s  ILSB~ FS
! L 1 1024
] , 1
s i
/ 1
o0 o ;
w00 X
oo .. 001 :
. o A4—rA——--------- ——
01?2 3 f S
INPUT YOLTAGE {LSBs) FS§ . 32158

QUTPUT CODE
oo
. t
o o FS = +4 095 )
= 2 !
y 1158 = +4006 :
Ul 00T 1024 |
®o 001 4 '
]
W) 00 Frre e r e e A m - — =~ — 4.
m o4 : :
mo oo+ ! \
1
moo 4 . '
= ! '
- 1 1
1
W00 001 - I
100 000 ! :
: (§ ! «
-FS ® +F5 1158

DIFFERENTIAL INPUT YOLTAGE {15Bs)

Figurc 15, Unipolar Transfer Funciion. 4.086V = Full Scale

MAX182 is inactive for long periods of time, but where
intarmittent bursts of high-speed conversions are
required.

External and Internal References

The MAX192 can be used with an internal or external
reference. Diode D1 shown in the Typical Operating
Circuit ensures correct start-up. Any standard signal
diode can be used. An external reference can either be
connected directly at the VREF terminal or at the
REFADJ pin.
The MAX192's internally trimmed 2.46V refcrence is
buffered with a gain of 1.678 to scale an external 2.5V
reference at REFADJ to 4.096V at VREF.

Internal Reference
The full-scale range of the MAX192 with internal reference
is 4.096Y with unipolar inputs, and =2.04BV with differen-
tial bipolar inputs. The internal reference voltage is
adjustable 10 £1.5% with the Reference-Adjust Circuit of
Figure 17.

External Reference
An external reference can be placed at either the
input (REFADJ) or the output (VREF) of the internal
buffer amplifier. The REFADJ input impedance is

18

Figure 16. Differential Eipolar Transfer Function,
+4.096V /2 = Full Scale

typically 20k, Al VREF, the input impedance is a
minimum of 12k for DC currents. During conversion,
an external reference at VREF must be able to deliver
up to 350pA DC load current and have an gutput
impedance of 10€ or less. If the reference has higher
output impedance or is noisy, bypass it close to the
VREF pin with a 4.7pF capacitor.

Using the buffered REFADJ input avoids external
buffering of the reference. To use the direct VREF input,
disable the internal buffer by tying REFADJ to Vpp.

Transfer Function and Gain Adjust
Figure 15 depicts the nominal, unipolar input/output
(11O) transfer function. and Figure 16 shows the differ-
ential bipolar input/output transfer function. Code
transitions occur halfway between successive integer
LSB values. Qutput ceding is binary with
1LSB = 4.00mV {4.096V / 1024) for unipolar operation
and 1LSB = 4.00mV [{(4.096V / 2 - -4.096V / 2)/1024]
for bipolar operation.
Figure 17, the Reference-Adjust Circuit, shows how 10
adjust the ADC gain in applications that use the internal
reforence. The circuit provides +1.5% (x15L5Bs) of
gain adjustment range.

MAXIMN




Low-Power, 8-Channel,
Serial 10-Bit ADC

AL
MAXT92

SHk
100k é—/\/\/\T REFAD)
12
0.01pF
gm H :,:  ——

SUPPLIES

+5V GND

gﬂ‘:lﬂﬂ

Voo AGND DGND +5Y  DGND
NN DICITAL
MAX192 CIRCLETRY
* CPTIONAL

Figure 17. Reference-Adjust Circuit

Layout, Grounding, Bypassing
For best performance, use printed circuit boards.
Wire-wrap boards are not recommended. Board layout
should ensure that digital and analog signal lines are
separated from each other. Do not run analog and digi-
tal {especially clock) lines paralle! to one another, or
digita! lines underneath the ADC package.

Figure 18 shows the recommended system ground
connections. A single-point analog ground ("star”
ground point} should be established at AGND, sepa-
rate from the logic ground. All ather analog grounds
and DGND should be connected to this ground. No

other digital system ground should bé connected to’

this single-point analog ground. The ground return to
the power supply for this ground shoutd be low imped-
ance and as shor as possible for noise-free operation.

High-frequency noise in the Vpp power supply may
affect the high-speed comparator in the ADC. Bypass
these supplies Lo the single-point analog ground with
0.1yF and 4.7uF bypass capacitors close to the
MAX192. Minimize capacitor lead lengths for best sup-
ply-naise rejection. Iif the +5V power supply is very
noisy. a 1002 resistor can be connected as a lowpass
fiker, as shown in Figure 18.

MAXIMN

Figure 18. Power-Supply Grounding Connection

High-Speed Digital Interfacing
The MAX192 can interface with QSPI at high through-
put rates using the circuit in Figure 19. This QSPI circuit
can be programmed to do a conversion on each of the
eight channels. The result is stored in memory without
taxing the CPU since QSPI incorporates its own
micro-sequencer.
Figure 20 detaiis the code that sets up QSPI for
autonomous operation. In external clock mode, the
MAX192 performs a single-ended, unipolar conversion
on each of the eight analog input channels. Figure 21
shows the timing associated with the assembly code of
Figure 20. The first byte clocked into the MAX192 is the
contrel byte, which triggers the first conversion on CHO.
The last two bytes clocked into the MAX192 are all
zero, and clock out the results of the CH7 conversion.

19
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_E o Y " " Voo Yoor: Voosrw: Vsiay
[ - oo |2 “‘me I+, ¢
. u
e afg T T
—{a] o [l -
MAXAAM
ANALOG < —{ ¢} omr maxigz o E—L PCso MCEBHC 16
INPUTS
——E CHa SSTRB E MOSt
S P oo [ -
k —E CHB DGND E--L
——E CH? AGND |13 [
__z_—E AGND REFAD) E - _L .
- s C.01WF
E SHIN vaEs | 1 L4 Vo Ve
z z 1 ]
* CLOCK CONNCCTIONS NOT SHOWN
Figure 19. MAXT132 QSPI Connection
TMS320 to MAX192 Interface 4} The SSTRB output of the MAX192 is monitored via
Figure 22 shows an application circuit to interface the the FSR input of the TMS320. A faliing edge on the
MAX192 to the TMS320 in external clock mode. The SSTRB output indicates that the conversion is in
timing diagram for this interface circuit is shown in progress and data is ready to be received from
Figure 23. the MAX192.
Use the following steps to initiate a conversion in the 5)  The TMS320 reads in ane data bit on each of the
MAX182 and to read the results: next 16 rising edges of SCLK. These data bits rep-
1) The TMS320 should be configured with CLKX resent the 10-bit conversion result and two sub-
(transmit clock) as an active-high output clock and LSBs. followed by four trailing bits, which should
CLKR {TMS320 receive clock) as an aclive-high be ignored. ’ _
input clock. CLKX and CLKR of the TM3320 are . . i :
6) Pull CS high to disable the MAX192 until the next

2)

20

tied together with the SCLK input of the MAX192.
The MAX192 CS is driven low by the XF_ /O port
of the TMS320 to enable data to be clocked into
DIN of the MAX192.

An 8-bit word (1XXXXX11) should be written to the
MAX192 to initiate a conversion and place the
device into external clock mode. Refer to Table 3
to select the proper XXXXX bit values for your spe-
cific application,

conversion is initiated.

MAXIMN




Low-Power, 8-Channel,

Serial 10-Bit ADC

* Description :

‘ This is a shell program for using a stand-alone 68HC16 without any external memory. The internal TK RAM
' 15 put into bank $0F to maintain 68HC11 code compatibilty. This program was writien with software

' provided in the Motorola 68HC 16 Evaluation Kit
* Roger J.A. Chen, Applications Engineer

' MAXIM Imegrated Products

* November 20, 1992

INCLUDE ‘EQUATES.ASM® :Equates for common reg addrs
INCLUDE ‘ORGO0000.ASM’ initialize reset vector

INCLUDE 'ORGO0008.ASM' :initialize interrupt vectors

CRG  £0200 ‘stan program after interrupt vegtors

set EK=F XK=0,YK=0.ZK=0

'set sys clock at 16.78 MHz, COP off
turn on internal SRAM at $10060
st stack (SK=1, SP=03FE)

INCLUDE INITSYS. ASM
INCLUDE ‘INITRAM.ASM’

MAIN:

JSE INITQSPL
MAINLOQCP:
JSR

WAIT:
LDAA  SPSR
ANDA  #380
BEQ WAIT
BRA MAINLOQP

ENDPROGRAM:

READ192

wait for QSPI to finish

INITGQSPI:

:This routine sets up the QSPI microsequencer to operate on its own.
:The sequencer will read all eight channels of a MAX192 each time

[t is triggered. The A/D converter results will be left in the

.receive data RAM. Each 16 bit receive data RAM location will

:have a leading zero, 10 + 2 bits of conversion result and three zeros.

:Receive RAM Bits 1514 131211 1009 08 07 06 05 04 03 0201 00

:AJD Result o MSB LSBO 0 O
**** Initialize the QSPI Registers """

PSHA :

PSHB

LDAA #9%01111000

STAA  QPDR iidle state for PCS0-3 = high

LDAA  #2%01111011

STAA  QPAR :assign port D to be QSPI

LDAA  #9%01111110

STaA  QDOR :only MISO is an input

LDD #$8008

STD  SPCRO :master mode.16 bits/transfer,

:CPOL=CPHA=0.1MHz Ser Clock
LDD #30000
STD  SPCR1 ;set delay between PCS0 and SCK,

'set delay between transfers

Figure 20. MAX192 Assembly-Code Listing

MNAXIMN
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LOD  #S0B00
SO SPCR2 .set ENDQP 1o S8 for 9 transfers
“““ initialize QSPI Command RAM """
LDAA #3580 :CONI=1,8B11SE£=0.07=0,DSCK=0,PCS0=ACTIVE
SIAA  5FDA0 .store first byte in COMMAND RAM
LOAA  #5C0 (CONT=1.BlHSE=1,DT=0,DSCK=0 PCSO=ACTIVE
STAA  SFD4Y
STAA  SFD42
STAA  SFD43
STAA  $FD4a4
STAA  3FD4s
STAA  SFD46
STaa  SED4A7
LDAA  #S40 ;CONT=0.BITSE=1,DT=0.0SCK=0.PCSO=ACTIVE
STAA  $FD48
""" Initiatize QSP! Transmit RAM """
LDD  #3%008F
STD  sFD20
LDOD  #300CF
STO 3$FD22
LLOD  #3009F
STD SFDz4
LDD  #SQQDF
STD $FD26
LD  #500AF
STD 3FD2z8
LOD  #SQ0EF
STD SFD2A
LDD  #300BF
STD SFD2C
LDD  #SOQOFF
STD  SFDZE
LDD  #$0000
STD 3FD30
PULB
PULA
RTS
READ192:

:This routine riggers the QSPI microsequencer to avtonomaeusly
;rrigger conversions on all 8 channels of the MAX132. Each
;conversion result is stored in the receive data RAM.

PSHA

LDAA #3380

ORAA SPCRI

STAA  SPCR1 ;Just set SPE

PULA

RTS

""" Interrupts/Exceptions

BOM: BGND .exception vectors point here
;and put the user in background debug mode

Figure 20. MAX192 Assembly-Caode Listing (continued)
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T e
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Figure 21. QSPI Assembly-Code Timing

XF wl TS
CLKX »{ SCLK
TMS320 MAXIMN
CLKR [ MAX1G2
DX o DN
DR DOUT
FSR SSTRB

Figure 22. MAX132 to TMS320 Serial Interface
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Figure 23. TMS5320 Serial-interface Timing Diagram
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Typical Operating Circuit
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MAXI/MN

Serially Interfaced, 8-Digit LED Display Drivers

General Description Features

The MAX7219/MAX7221 are compact. serial inputfout-
put common-cathode display drivers that interface
microprocessors (UPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Onty one external resistor is required to set the seg-
ment current for all LEDs. The MAX7221 is compatible
with SPI™, QSPI™, and MICROWIRE™, and has slew-
rate-limited segment drivers to reduce EM!.

A convenient 4-wire serial interface connects to all
common [Ps. Individual digits may be addressed and
updated without rewriting the entire display. The
MAX7219/MAX7221 also allow the user to select code-
B deceding or no-decode for each digit.

The devices include a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-

10MHz Serial Interface (

individual LED Segment Control
Decode/No-Decode Digit Selection

150pA Low-Power Shutdown (Data Retained)
Digital and Analog Brightness Control
Display Blanked on Power-Up

Drive Common-Cathode LED Display

*> & & S+ > b ¢ @

Slew-Rate Limited Segment Drivers
for Lower EMI (MAX7221)

SPi, QSP!, MICROWIRE Serial Interface (MAX7221)
4 24-Pin DIP and SO Packages

L

Ordering Information

LCCTLXVIN/GLSLIXVIN

limit register that allows the user to display from 110 8 PART TEMP RANGE  PIN-PACKAGE
digits, and a test ﬂ:lDde that forces all LEDs on. MAX7219CNG 0°C to +70°C 24 Narrow Plastic DIP
For applications requiring 3V operation or segment MAX7219CWG 0°Cto +70°C 24 Wide SO
blinking, refer to the MAXG951 data sheet. MAX7219C/D 0°C to +70°C _ Dice”
App"-cations MAX7219ENG -40°C to +85°C 24 NarrovSvOPIastic DiP
. MAX7219EWG  -40°C to +85°C 24 Wide
Bar-Graph Disptays Panel Meters MAX7219ERG  40°C to +85°C 24 Narrow CERDIP

Industrial Controllers LED Matrix Displays

Ordering Information continued at end of data sheet.
*Dice are specified at Ta = +25°C.

Pin Configuration Typical Application Circuit

TOP VIEW R )
o ] 88866888
oo 2] 5] sec DA R I I S N S
0164 3] 22] sea 0P -y
en0 (2] amaamna |2 seGe 53 19 :
. 953k - -
mes[5] MAX219 oo} sesc 6l Vi
B MAX7221 ] v It DIG 0-D15 7 |——rt
DiG2Z| 6 * ANAXAAA | BDIGITS
06 3 7 78] iET 1} MAXZ219
MOs) DN hax7ozr
D67 8] 17] s¢66 o
ono [5] 15] se68 w0 L0AD (CS)
SCK 3 ci SEEA-G, “
0165 [io] 15] secr seG 0P | -7
] . 8 SEGMENTS
06 1 [11] [14] se6.A GND
Lor (%) [12] [13] o ¢
() MAXT221 ONLY DIP/SO { ) MAXTZ21 ONLY S-DIGIT P DISPLAY
SPI and QSPI are trademarks of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp.
MAXIMN Maxim integrated Products 1

For pricing, delivery, and ordering Information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com,




MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respect to GND)

Vb e e e -0.3V to 6V

DIN. CLK. LOAD. CS...... ..ot e, 03V o6V

All Other Pins................ e R, -0 3Vio{V+ + 0.3V)
Current

DIGO-DIG7 Sink Current........cooooooie i 500mA

SEGA-G, DP Source Current.........ccooeeees oo 100mA
Continuous Power Dissipation (Ta = +85°C)

Narrow Plastic DIP (derate 13 3mW/~C

above +70%C) .. s 1066mwW

Wide SO (derate 11.8mW/°C above +70°C)............... 941mW
Narrow CERDIP (derate 12.5mW/°C above +70°C) ... 1000mW

Operating Temperature Ranges (TN to Tmax)

MAXT219C_GMAXT221C_G .o 0°C to +70°C
MAX7219E_G/MAXT221E_G ... -40°C to +85°C
Storage Temperature Range ... -65°C to +160°C
Lead Temperature (soldering. 10S). .......ccoviviiiiiineinn. +300°C

Stresses beyond those listed under "Absciute Maximum Ratings” may cause permanent damage (o the device. These are sbiess ralings only, and functional
operation of the device at these or any other conditions beyond thase indicatad :n the operational sections of the specifications is not implied. Exposure 10
abisolute maximum 1ating canditions for extended parods may affect device reliability

ELECTRICAL CHARACTERISTICS

(V+ = 5Y £10%, RseT = 9.53k(Q £1%. Ta = Tminto Tmay, unless ctherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS.
Operating Supply Voltage V+ 4.0 5.5 v
Shutdown Supply Current I+ All digital inputs at V+ of GND, Ta = +25°C 150 UA

RseT = open circuit 2]
Operating Supply Current 1+ All segments and decimal point on, 230 mA
IsEG_ = -40mA
Display Scan Rate - fosc 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current IDIGIT | V+ = 5V, VouT = 0.65V 320 mA
Segment Drive Source Current ISEG Ta = +25°C, V+ = 5V, Vout = (V+ - 1V) -30 -40 -45 mA
Segment Currenl Slew Rate o
Al At | Ta = +25°C, V+ = 5V, VouT = (V+ - 1V 10 20 50 mA/us

(MAX7221 only) SEG/At | Ta =+ ouT = )
Segment Drive Current Matching|  AlSEG 3.0 %
Digit Drive Leakage _ _ i A

| Digit off, VDIGIT = V+ 10 v
(MAX7221 anly) DiGIT | DIg DG
Segment Drive Leakage .

| S 1 off, V =QV 1 pA
(MAX7221 only) ) SEG égmen o SEG ) ' '
Digit Drive Source Current . - '

1 Digit off, V| V+ - 0.3V -2 mA
(MAX7219 only) DIGIT igi DIGIT = { )
Segment Drive Sink Current

| S toff, V =03V 5 mA
(MAX7213 only) SEG | segment o, VSEG

MAXIMN




Serially Interfaced, 8-Digit LED Display Drivers

ELECTRICAL CHARACTERISTICS (continued)

(V+ = 5V +10%, ReT =9.53k0Q +1%, Ta = TMmIN to TMAX. unless otherwise noted.)

PARAMETER l SYMBOL] CONDITIONS MIN TYP MAX UNITS

LOGIC INPUTS
Input Current DIN, CLK,
LOAD, CS I, L [ VIN =0V or V+ -1 1 pA
Legic High Inpul Voltage ViH 3.5 v
Logic Low Input Voltage ViL 0.8 v
Qutput High Voltage VOH DOUT, iISouURCE = - 1mMA V4 -1 v
Output Low Voltage Voo DOUT, Ismvk = 1 6mA 0.4 v
Hysteresis Voltage AV) DIN, CLK, LOAD. CS 1 v
TIMING CHARACTERISTICS _
CLK Clock Periog ice 100 ns
CLK Puise Width High iCH 50 ns
CLK Pulse Width Low tcL 50 ns
CS Fall to SCLK Rise Setup Time \css 25 ns
(MAX7221 only)
CLK Rise to CS or LOAD Rise

0 n
Hold Time 1CsH y
DIN Setup Time tDs 25 ns
DIN Hotd Time tDH 0 ns
Output Data Propagation Delay DG CLoAD = 50pF 25 ns
Load-Rising Edge 1o Next Clock 50 ns
Rising Edge (MAX7219 only) iLDCK
Minimum CS or LOAD Pulse 1csw 50 ns
High
Data-io-Segment Delay DSPD 225 ms
MAXIMN ?
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MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

(V+ = +5V, Ta = +25°C

830

, unless otherwise noted.)

SCAN FREQUENCY vs,
POSITIVE SUPPLY VOLTAGE

820

M ey

810

Fi ]

NCY (H)

2

0

SCAN £2E0U

750

750

740

130
4.0

4.4 48 52 56 60
POSITIVE SUPPLY VOLTAGE (V)

MAX7219
SEGMENT OUTPUT CURRENT

MAXIMUM INTENSITY = 31/32

10mA/div

1

Suydiv

WAL

70

60

50

40

30

OUTPUT CURAENT {mA)

20

SEGMENT DRIVER OUTPUT CURRENT
vs. OUTPUT VOLTAGE

H
\\- Rgpp=10kQ2
[
-.._.__-“
~
Bty = 2002
-—_-_____“_-
Rt = 40KEY ™
-_'_'EI-—-h-—.—._-—.'—-.
q 1 2 3 4 5

10mA/div

QUTPUT VOLTAGE [V)

MAXT221
SEGMENT OUTPUT CURRENT

MAXIMUM INTENSITY = 15716

Sus/div

Typical Operating Characteristics

M
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is loaded into the internal 16-bit shift register on CLK's rising edge.
2.3.5-8, Eight_‘D‘igil Drive Lines that sink current from the display common cathode. The MAX7219 pulls
1011 DIG 0-DIG 7 the digit oulputs to V+ when turned offl The MAX7221's digil drivers are high-impedance when
' turned off
4,9 ) GND Ground (both GND pins must be connected)
LOAD Load-Data input. The last 16 bits of serial d latch OAD’s risi
" (MAX7219) oad-Data input. The las its o1 serial data are latched on LOAD's rising edge.
€S Chip-Select Input. Serial data 15 loaded into the shift register while TS s low. The last 18 bits of
{(MAX7221) serial data are laiched on CS's rising edge
Serial-Clock Input. 10MHz maximum rate. On CLK's rising edge, data is shifted into the inter-
13 CLK nal shift register. On CLK's falling edge, data is clocked out of DOUT Cn the MAX7221, the
CLK input is active only while TS is low
14-17 SEG A-SEG G Seven Segment Drives and Decimal Peint Drive that source current to the display. On the
2&23' oP ‘ MAX7218, when a segment driver is turned off it is pulled to GND. The MAX7221 segment dri-
vers are high-impedance when turned off.
Connect to Vpp through a resistor (ASET) to set the peak segment current (Refer to Sefecting
18 ISET ; )
RseT Resistor section).
19 V+ Pasitive Supply Voltage. Connect to +5V
54 DouT Serial-Data Output. The data into DIN is valid at DOUT 16.5 clock cycies later. This pin is used
1o daisy-chain several MAX7219/MAX7221's and is never high-impedance.
Functional Diagram
SEG A-SEG G. DP DIG 0-DIG 7
SEGMENT DRIVERS I DIGIT DRIVERS
i § f T i va
Xs —={ SHUTOOWN REGISTER ]
. CODEB  fw MODE REGISTER
Va ROM WITH ™ INPTLTS?EW
BYPASS —=] INTENSITY REGISTER . WIDTH
AT 3 [—e=~1 SCAN-LIMIT REGISTER MODULATORY -
SEGMENT 1 /3 =1 DISPLAY-TEST REGISTER
— CURRENT &8
REFERENCE DUAL-PORT [~ L MULTIPLEX
SRAM SCAN —
ADDAESS CIRCUITRY
s f 2B 1 REGISTER
10D (CS) » DECODER
/ \ !
oin w—— 00 [ 01 {02 {03 [ D4 [ o5 | 06 [ o7 { 08 | s [orgfor1]o12[D13014[035] f——a oUT
T (Ms8)
{ } MAX7221 ONLY
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Serially Interfaced, 8-Digit LED Display Drivers
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Figure 1. Timing Diagram

Table 1. Serial-Data Format (16 Bits)

D15 | D14 | D13 | D12 | D13 ] D1o| DY | D8

D?[Ds|05|D4|03[D2|D1[Do

X X X X ADDRESS

MSB DATA LSB

Detailed Description

MAX7219/MAX7221 Differences
The MAX7219 and MAX7221 are idenlical except for
two parameters: the MAX7221 segment drivers are
slew-rate limited to reduce electromagnetic interfer-
ence (EMI}, and its serial interface is fully SPI compati-
ble.

Serial-Addressing Modes
For the MAX7219, serial data at DIN, sent in 16-bit
packets, is shilted into the internal 16-bit shift register
with each rising edge of CLK regardless of the staleof
LOAD. Far the MAX7221, CS must be low-to clock data
in or out. The data is then latched into either the digit or
conirol registers on the rising edge of LOAD/CS.
LOAD/CS must go high concurrently with or after the
16th rising clock edge, but before the next rising clock
edge or data will be lost. Data at DIN ts propagated
through the shift register and appears at DOUT 16.5
clock cycles later. Data is clocked out on the falling
edge of CLK. Data bits are labeted DO-D15 (Table 1).
D8-011 contain the register address. D0-D7 contain
the data, and D12-D15 are "don't care” bits. The first
received is D15, the most significant bit (MSB).

Digit and Control Registers
Table 2 lists the 14 addressable digit and control regis-
ters. The digit registers are realized with an on-chip,
8x8 dual-port SRAM. They are addressed directly so
that individual digits can be updated and retain data as
lang as V+ typically exceeds 2V. The cantrol registers
consist of decade mode, display intensity, scan limit
(number of scanned digits), shutdown, and display test
(all LEDs on).

Shutdown Mode
When the MAX7219 is in shutdown mode, the scan ascil-
lator is halted, all segment currenl sources are pulled to
ground, and all digit drivers are pulled to V+, thereby
bianking the display. The MAX7221 is identical, except
the drivers are high-impedance. Data in the digit and
contral registers remains unaltered. Shutdown can be
used to save power or as an alarm to flash the display by
successively entering and leaving shutdown mode. For
minimurm supply current in shutdown mode, logic inpuls
should be at ground or V+ {CMOS-logic levels).
Typically, it takes less than 250us for the MAX7219/
MAX7221 to leave shutdown mode. The display driver
can be programmed while in shuidown mode, and
shutdown mode can be overridden by the display-test
function,

MAXIMN




Serially Interfaced, 8-Digit LED Display Drivers

Table 2. Register Address Map

ADDRESS x
REGISTER | p1s- D11 | D1c} Do | D8 CF(IJEDE
D12
No-Op 0 0 0 o} OxX0
Digit 0 X 0 0 1 OxX 1
Digit 1 X 0 0 1 0 0xX2
Digit 2 X 0 0 1 1 OxX2
Digit 3 X 0 1 0 0 | oxx4
Digit 4 X 0 i 0 1 OxX5
Digit 5 X 0 1 1 0 OxXE
Digit & X 0 1 1 1 0xX7
Digit 7 X 1 0 0 0 0xX8
aeo‘;?ade X vl o | o] 1 | oxxe
Intensity X 1 0 1 0 OxXA
Scan Limit X 1 0 1 1 OxXB
Shutdown X 1 1 0 0 OxXC
?;55?'3" X 1 1 1 1| oxxF

Initial Power-Up
On initial power-up. all contro! regisiers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver prior to
display use. Otherwise, it will initially be set to scan one
digit, it will not decode data in the data registers, and
the intensity register will be set 1o its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9, E, H,
L. P. and -) or no-decode operation for each digit. Each
bit in the register corresponds to one digit. A logic high
selecls code B decoding while logic low bypasses the
decoder. Examples of the decode mode controi-regis-
ter format are shown in Table 4.

When the code B decode mode is used, the decoder
looks only at the lower nibble of the data in the digit
registers (D3-D0), disregarding bits D4-06. D7, which
sels the decimal point (SEG DP), is ingependent of the
decoder and is positive logic (D7 = 1 turns the decimal
point on). Table 5 lisis the code B font.

When no-decode is selected, data hits D7-D0 corre-
spond to the segment lines of the MAX7219/MAX7221.
Table 6 shows the one-10-cne pairing of each data bit
to the appropriate segment line.

Table 3. Shutdown Register Format (Address (Hex) = 0xXC)

REGISTER DATA
ADDRESS CODE
MOD
ODE HEX) D7 D6 D5 D4 D3 D2 ™ DO
Shutdown 0xXC X X X X X X X 0
~ Mode
Normal .
X X X X X X X 1
Operatiagn OxXC X _

Table 4. Decode-Mode Register Examples (Address (Hex) = 0xX9)

ODE MODE REGISTER DATA HEX
DE
c D7 D& D5 D4 D3 D2 D1 Do CODE
No decode for digits 7-0 0 G 0 0 0 0] 0 0] 0x00
Code B decode for digit 0

4] 0 0 0 1 0x01
No decode for digits 7-1 0 0 0
Code B decode _fo.r digits 3-Q 0 0 0 0 1 1 1 1 OxOF
No decode for digits 7-4
Code B decode for digits 7-0 1 1 1 1 1 1 1 1 OxFF

MAXIMN
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Table 5. Code B Font

REGISTER DATA

ON SEGMENTS =1

7-SEGMENT
CHARACTER

or

06-04

03

D2

Q
—h

=
(=]

m
-
o

opP* C D

»
m

Q| ~wB||ealw|m=]O

| ITim

P

Pl I B g 4 (g B I B4 B I I BV I I IV

blank

>

===~ ~|=]|=|—-10|OC|OlOC|O|lO|C|O

=] =|=lOo|lolo|lo|slal~ja|lolololo

—=|=|O|O|=|w|jO|O|=t=|clo|=|~|cl|lo

_»D_;D...o_.o_..'o_.o..o_.o

olo|-lo|=x|lol=x|<x|o|=]=|oc|=]|=]o] -
[=] I g g N I =1 =1 S R=1 K =1 =] M =1 N
o| «]a|la|lajo|=|=x]|o|=]=|=|oc|lo]|o| =
o|lx|o|lal=t=|=x]|=2]|lo|=]|~|=|=|=]|oclo

]
1
0
1
1
1
]
1
1
1
0
0
1
0
0
0

O|l=|o|loj=|0O]| ==l =w|lw]la|lo]|=|=]al =
O|l=|o|—~|o|lo}=|a]a|loio]| af =] =] | =

*The decimal point is set by bit D7 = 1

Table 6. No-Decode Mode Data
Corresponding Segment Lines

Bits and

STANDARD 7-SEGMENT LED

REGISTER DATA

D7

D5

D4

D3

D2

D1

Do

Corresponding
Segment Line

DP

B

c

D

E

Intensity Controf
and Interdigit Blanking
The MAX7219/MAX7221 allow display brightness to be
controlled with an external resistor (RSET) connecied
between V+ and ISET. The peak current sourced from
the segment drivers is nominally 100 times ihe current
entering ISET. This resistor can either be fixed or vari-
able to ailow brightness adjustment from the front
panel. its minimum value should be 9.53kQ, which typi-
cally sets the segment current at 40mA. Display bright-
ness can also be controlled digitally by using the
intensity register. '
Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
maximum of 31/32 down {0 1/32 of the peak current set
by RseT (15/16 to 1/16 on MAX7221). Table 7 lists the
intensity register format. The minimum interdigit blank-
ing time is set to 1/32 of a cycle.
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Table 7. Intensity Register Format (Address (Hex) = 0xXA)

LZZIXVW/6LSLXVYIN

DUTY CYCLE HEX
MAX7219 MAX7221 o7 pe bs D4 D3 D2 D1 Do CODE
i/32 1/16
{min on) (milr"l on) * X x X 0 0 o 0 0xX0
3/32 2/16 X X X x 0] C 0 1 OxX1i
5132 316 X X X X 0 0 1 0 OxX2
7132 4/16 X X X X o} 0 1 1 OxX3
9132 5716 X X X X o 1 0 0 OxX4
11432 6116 X X X X 0 1 C 1 0xX5
13/32 7/16 X X X X 0] 1 1 0] OxX6
15/32 8/16 X X X X o] 1 1 1 0xX7
17132 9/16 X X X X 1 0 0 0 OxX8
i9/32 i0/16 X X X X 1 0 o] 1 0xX9
21/32 1116 X X X X 1 0 1 o OxXA
23/32 1216 X X X X 1 0 1 1 DxXB
25/32 13/18 X X X X 1 1 0 0 OxXC
27132 14116 X X X X ] 1 o 1 0xXD
29/32 15/16 X X X X 1 1 1 o] DxXE
3132 (nl one : X X X X 1 1 1 1 OxXF
Table 8. Scan-Limit Register Format (Address (Hex) = 0xXB)
REGISTER DATA HEX
SCAN LiMIT D7 D6 D5 D4 D3 D2 D1 DO CODE
Display digit O only* X X X X X 0 0 o] 0xX0
Display digits 0 & 1* X X X X X 0 o] 1 DxX1
Display digits 01 2* X X X X X 0 1 0 OxX2
Display digits 012 3 X X X X X 0 1 1 OxX3
Display digits 0123 4 X X X X X 1 0 0 OxX4
Display digits 012345 X X X X X 1. 0 1 - OxX5,
Display digits 0123456 X X X X X 1 1 0 0xX6
Display digits 0123456 7 X X X X X 1 1 1 OxX7

*See Scan-Limit Register section for application.

Scan-Limit Register
The scan-limit register sets how many digits are dis-
played, from 1 to 8. They are displayed in a multiplexed
manner with a typical display scan rate of BOOHz with 8
digits displayed. If fewer digits are displayed, the scan
rate is 8fgsc/N, where N is the number of gdigits

scanned. Since the number of scanned digits affects
the display brightness. the scan-timit register should
not be used to blank portions of the display (such as
leading zero suppression). Table 8 lists the scan-limit
register format.
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Il the scan-limil register is set for three digits or less,
individual cigit drivers will dissipate excessive amounts
of power. Consequently, the value of the RsgT resistor
musl be adjusted according to the number of digits dis-
played, o limil individual gigit driver power dissipation.
Table 2 lists the number of digits displayed and the
corresponding maximum recommended segment cur-
rent when the digil drivers are used.

Display-Test Register
The display-test register operates in two modes: normal
and display test. Display-lest mode turns all LEDs on
by overriding, but not altering, all controls and digit reg-
isters {including the shutdown register). In display-test
mode, 8 digits are scanned and the duty cycle is 31/32
(15/16 for MAX7221). Table 10 lists the display-test reg-
ister format. -

Table 9. Maximum Segment Current for
1-, 2-, or 3-Digit Displays

MAXIMUM SEGMENT
CURRENT
(mA)

1 10
20
30

NUMBER OF DIGITS
DISPLAYED

Table 10. Display-Test Register Format
(Address (Hex) = 0xXF)

REGISTER DATA

MODE
D7 |D6 ] D5 ]| D4 | D3 | D2 | D1 | DO

Normal x| xfxtx|x|x|x]o
Operation .
‘Display Test

X X X X X 1
Mode X _

Note: The MAX7219/MAX722T remain in display-test mode
{all LEDs on) until the display-test register is reconfigured
for normal operation.

No-Op Register
The no-op register is used when cascading MAX7218s
or MAX7221s. Connect af! devices' LOAD/CS inputs
together and connect DOUT to DIN on adjacent
devices. DOUT is a CMOS logic-level output that easily
drives DIN of successively cascaded parts. (Refer 1o
the Serial Addressing Modes section for detailed infor-
mation on serial input/output timing.) For example, if
four MAX7219s are cascaded, then to write to the

10

fourth chip, sent the desired 16-bil word, followed by
three no-op codes (hex 0xXX0X, see Table 2). When
LOAD/CS goes high, datia is laiched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10uF electrolytic and a 0.1pF
ceramic capacitor between V+ and GND as close 1o
the device as possible. The MAX7219/MAX7221 should
be placed in close proximity to the LED display, and
connections should be kepi as short as possible to
minimize the effects of wiring inductance and eleciro-
magnetic interference. Also, both GND pins must be
connected to ground.

Selecting Rser Resistor and
Using External Drivers
The current per segment is approximately 100 times
the current in ISET. To select RseT. see Table 11. The
MAX7219/MAX7221's maximum recommended seg-
ment current is 40mA. For segment current levels
above these levels, external digit drivers will be need-
ed. In this application, the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistors. Therefore, to conserve pawer, use RseT = 47k}
when using external current sgurces as segment dri-
vers.

The example in Figure 2 uses the MAX7219/MAX7221's
segment drivers, 2 MAX324 single-pole double-throw
analog switch, and external transistors to drive 2.37
AND2307SLC common-cathode displays. The 5.6V
zener diode has been added in series with the decimal
point LED because the decimal point LED forward volt-
age is typically 4.2V. For all other segments-the LED
forward voltage is typically 8V. Since external transis-
tors are used to sink current (DIG 0 and DIG 1 are used
as logic switches), peak segment currents of 45mA are
allowed even though only two digits are displayed. In
applications where the MAX7219/MAX7221's digit dri-
vers are used to sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RSET must be selected accord-
ingly (Table 11).

Refer 10 the Power Dissipation section of the Absolute
Maximum Ratings to calculate acceptable limits for
ambient temperature, segment current, and the LED
forward-voltage drop.
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Table 11. RSET vs. Segment Current and
LED Forward Voltage

IsEG (MA) VLED (V}
1.5 2.0 25 a0 3.5
40 12.2 11.8 11.0 10.6 969
30 7.8 17.1 15.8 15.0 140
20 20.8 28.0 259 245 226
10 66.7 63.7 59.3 55.4 512

Computing Power Dissipation
The upper limit for power dissipation {PD} for the
MAX7213/MAX7221 is determined from the following
equation:
PD = (V + x 8mA) + {V+ - VLEDXDUTY x IseGg x N)
where:
V+ = suppiy voltage
DUTY = duty cycle set by intensity register
N = numper of segmenis driven (worst case is 8)
VLED = LED forward voltage
ISEG = segment current set by RsET
Disstpation Example:
IsEG = 40mA, N =8, DUTY = 31/32, VLED = 1.8V at
40mA, V+ = 5.25V
PD = 5.25V(BmA) + {5.25V - 1.8V)}{31/32 x
40mA x 8) = 1.11W
Thus, for a CERDIP package (8)a = +80°C/W from
Table 12}, the maximum allowed ambient temperature
Ta (s given by:
Tamaxy=Ta + PO x0ga + 150°C = Ta +1.11W x
a0 C/w
-where Ta = +61.2°C.
The Ta limits for PDIP and SO Packages in the dissipation
example above are +66.7°C and +55.6°C. respectively.

Table 12. Package Thermal Resistance
Data

[I PACKAGE THERMAL RESISTANCE
(81a)
24 Narrow DiP T 75°CIW
24 Wide S0 YT
24 CERDIP T

Maximum Junction Temperature (Ty) = + 150°C

Maximum Ambient Temperature (Ta) = +85°C

Cascading Drivers
The example in Figure 3 drives 16 digits using a 3=wire
WP interface. If the number of digils is not a multiple of
8. set both drivers’ scan limits registers to the same
number so one display will not appear brighter than the
other. For example, if 12 digits are need, use 6 digils
per display with both scan-limit registers set for 6 digits
so that both displays have a 1/6 duty cycle per digit. i
11 digits are needed, set both scan-limit registers for 6
digits and leave one digit driver unconnected. If one
display for 6 digits and the other for 5 digits, the sec-
ond display will appear brighter because its duly cycle
per digit will be 1/5 while the first display’s will be 1/6.
Refer to the No-Op Register section for additional infor-
mation.

1
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AND2307SLC ANDZ307SLC
31" ANODE DP 5 ["ANODE OF
; ANODE A 7_{ ANDDE A
ANODE F 21 anoneF
13 ANODE B !E ANODE B
. ANDIDE G ANDDE G
] ANODEC : ANDDE
=1 ANODEE ANODE E
1NS528 31 anDDE D GaTHODE 3 | anoe 0 cahoDE
56Y 15%
B 8
= SEG D
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16 :Egg AN 5
15 MAX7219 19
SEGF v+ * 4753
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Figure 2. MAX7219/MAX 7221 Driving 2.3in Displays
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Figure 3. Cascading MAX7219/MAX722 1s to Drive 16 Seven-Segment LED Digits
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__Ordering Information [(continued)

PART TEMP RANGE PIN-PACKAGE
MAXT221CNG 0°C 10 +70°C 24 Narrow Piastic DIP
MAX7221CWG 0°C to +70°C 24 Wide SO
MAX7221C/D 0°C 1o +70°C Dice”

MAXT7221ENG -40°C to +85°C 24 Narrow Plastic DiP
MAX7221EWG  -40°C to +85°C 24 Wide SO
MAX7221ERG -40°C 10 +85°C 24 Narrgw CERDIP

.14

“Dice are specified al Ta = +25°C.

Chip Topography

GNIJ DIG7 DIG3 DIGZ DIG 6 GND

o0 ol

B— 0G0

A 3o

SEG F ——I ; T T T T T
SEG B ISET  SEGC SEG DP
SEGG SEG E
0.080"
- 12.03mm)

TRANSISTOR COUNT: 5267
SUBSTRATE CONNECTED TO GND
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Package Information

{The package drawing(s) in this data sheet may nof reflect the most current specifications. For the latest package oulline information
Qo to www.maxim-ic.com/packages.)

INCHES MILLIMETERS
N DIM| MIN MAX MIN MAX
0093 ] 0104 | 235 | 265
0004 | 002 | ¢10 [ 0.30
0.014 f 0019 | 035 [ o0.49
0.009 { 0.013 [ 023 | 032

0.050 127
0291 | 0259 | 7.40 7.60
0334 [ 0419 [ 1000 [ 1065
0.016 | 0050 | 040 127

i E i ” —_— VARIATIONS: )

INCHES MILLIMETERS
TOP VIEW DM| MIN | MAX | MIN | MAX | N [MS013
0.308 | 0.413 | 10.40 | 10.50 J16] AA
0447 | 0463 | 11.395 | 11.75 |18] AB
0496 | 0512 | 1260 | 1300 |200 AG
0.598 | 0614 | 1520 | 15.60 [24] AD
0.697 | 0.713 | 17.70 | 18.10 28] AE

SOICW EPS

=

m
I

clTme [OfeE >

o[o|ejolo

}

(T L

el 8 T :}HL o-e—}

FRONT VIEW
SIDE VIEW
NOTES:
1. D&E DO NOT INCLUDE WiOLD FLASH. DALLAS »
2. MOLD FLASH OR PROTRUSIONS WOT TC EXCEED 0.13mm (.0087). EDW /Vllj"IV|
3. LEADS TO BE COPLANAR WITHIN 0.10mm (.0047), HAOPRETARY HIDRMATON
4. CONTROLUNG DIMENSION: MILLUMETERS. Lk
5. MEETS JEDEC MS013. PACKAGE OUTLINE, .300" SOIC
6. N = NUMBER OF PINS. tomser e 5
210042, | B A
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Package Information (continued)

(The package drawing(s} in this data sheet may not reflect the most current specifications. For the fatest package outline information
go 1o www. maxim-ic.com/packages.)

POIPNLEPS

- — D}

£
T 7
A )
T T
L A3 / 0--15- \
FAL ~ i
—~le b Bl l C
I—eA—-
eB—
INCHES  IMILLIMETERS INCHES MILLIMETERS
MIN [ MAX | MIN | MAX MIN | MAX | MIN | MAX | N_[1mn
6l -— (0180 | —— (4.57¢2 0,348(0.350| 884 9.91 |8 _|AB
w1io.o1s [--- [0.38 [ —-——— 0.735]0.765]18.67 |19.43 |14 |AC

0.74510.765118.92 [19.43 116 |AA
0.885|0.915 |22.48|23.24{18 |AD
1.015 [1.045 |25.78|26.54]20 |AE
114 11.265 [2BS6|32.13 |24|AF
1.360 {1.380 134,.54|35.05|28|*3

p2]0.125 (0175 318|445
A3]0.05510.080 [1.40 [2.03
B [0.015 10022 [0.361 [0.56
BI[0.045 (0065 [1.14 [L6S
C [0.008 [0.014 [02 0,355
Bil0.005 [0.080 [0.13 12.03 _
E [0.300 [0.325]7 .62 18.26 NITES: :
E1]0.240]0.310 6;05 7ng 3 ;éfﬁ%ﬂléﬁ%&ﬂ%&?ﬁﬁ?
o] 0100 BSC. | 2.54 BSC, o
3., CONTROLLING DIMENSION: MILLIMETER

oAl 0.300 BSC. | 7.62 BSC. : s

B[ 0.400 BSC.] 10.16_BSC. ; N ABIVE TABLE o fs SHEMM
ﬁ_ 0.115 10.150 2-921 |3.81 6‘ SIMILIAR TO JEDEC MO-0S68AB

. N = NUMBER DOF PINS
(LA !gﬁtkAcE FAMILY OUTLINE: PDIP 300" . 21-0043 D ]

jmr) et ] e ] ] e}

Maxim cannat assume responsibility for use of any circuitry other than circuitry entirely embodied in 2 Maxim product. Na circuit palent licenses are
implied. Maxim reserves the right fo change the circuiry and specifications without nolice at any time.

16 Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 {408) 737-7600

© 2003 Maxim Integrated Products Printed USA MM s a registered trademark of Maxim Integrated Products.
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PIC16F62X

FLASH-Based 8-Bit CMOS Microcontrollers

Devices included in this data sheet;
+ PIC16F627 + PIC16F628
Referred to collectively as PIC16F62X
High Performance RISC CPU:

* Only 35 instructions to learn

- All singlecycle instructions {200 ns), except for
program branches which are two-cycle

» Operating speed:
- DC - 20 MHz clock input
- DC - 200 ns instruction cycle

Memory
Device FLASH RAM EEPROM
Program Data Data
PIC16F627 1024 x14 | 224 x 8 126 x &
PIC16F628 2048x 14 | 224 x8 128 x 8

« Interrupt capability
* 16 special function hardware registers
+ 8-level deep hardware stack
+ Direct, Indirect and Relative addressing modes
Peripheral Features:
+ 15 IO pins with individual direction control
+ High current sink/source for direct LED drive
= Analog comparator module with:
- Two analog comparators
- Programmable on-chip vollage reference
{VREF) module
- Programmable inpul multiplexing from device
inpuls and internal voltage reference
- Comparalor oulputs are extemally accessible
+ TimerQ: 8-bit timer/counter with 8-bit
programmable prescaler -
« Timer1: 16-bit timer/counter with externai crystal/
clock capability
» Timer2: 8-bit timer/counter with 8-bit period regis-
ter, prescater and postscaler
+ Capture, Compare, PWM (CCP) module
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-hit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
*+ Universal Synchronous/Asynchronous Receiver/
Transmitter USART/SCI
* 16 Bytes of common RAM

|

.
Special Microcontroller Features:

+ Power-on Reset (POR)

* Power-up Timer (PWRT) and Osciitator Start-up
Timer {OST)

* Brown-out Detect (BOD)

+ Walchdog Timer (WDT}) with its own on-chip RC
osciliator for reliable operation

+ Muttiplexed MCLR-pin
+ Programmable weak pull-ups on PORTB
+ Programmable code protection
+ Low voltage programming
+ Power saving SLEEP mode
» Selectable oscillator options
- FLASH configuration bits for oscillator options
- ER {Extemal Resislor) oscillator
- Reduced part count
- Dual speed INTRC
- Lower current consumption
- EC Externai Clock input
- XT oscillator mode
- HS oscillator mode
- LP oscillator mode
+ Serial in-circuit programming (via two pins)
+ Four user programmable (D locations
CMOS Technology:

+ Low-power, high-speed CMOS FLASH technology
+ Fully static design
+ Wide operating voltage range
- PIC16F627 - 3.0V to 5.5V
- PIC16F628 - 3.0V to 5.5V
- PIC16LF627 -20Vto 55V -
- PIC16LF628 - 2.0V 10 5.5V
+ Commercial, industrial and extended temperature
range
+ Low power consumption
- <20mA @ 5.0V, 4.0 MHz
- 15 pA typical @ 3.0V, 32 kHz
- < 1.0 pA typical standby current @ 3.0V

© 1999 Microchip Technolegy Inc.
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PIC16F62X

Pin Diagrams

‘ PDIP, SQIC

| RAZ/ANZVREF oy g 1 = 18 RA/AN1
f RAJANJICMP| 4w [[ 2 0 17 [] -w—a RAUAND
RA4/TOCKI/CMP2Z t—ae a 6 16 :] - RATAOSCICLKIN
. RASMCLRITHV — 1 4 =2 15[] ==— RAGRISCCLKOUT
l Vss —= 15 W 14[]=— vpp
Rafﬁ%g}- -5 & 130 -—=rarmios
= [7 X 2] -—= REGTIOSOTICK
RB2/TX/CK O s 10 RB
-— ~—& 35
RBICCP1 g ] 10 j - RB4PGM
sSsopP
RAZANZIVAEF g g - ) [ ~—= RA1/ANT
RAJANICMP1 —w—a- [ 2 19 [) -=—== RAD/AND
RAATOCKI/CMP2 ~a—m [ 3 X 1g [] w—e RATIOSCICLKIN
RAS/MCLRITHY — [] 4 9 17 0 ~-—w= RABIOSC2ICLKOUT
Vss — [ 5 o 16 []=—— VoD
Vs — =[] 6 ; 15 ] =*+— Voo
- RBOANT ==—= [] 7 § 14 [J -—= RB7/T10SI
RB1/RX/DT ~a—w [} 8 13 [J -=a—a RBE/T10SOTICKI
RB2/TX/CK w—e ] 9 12 {J -+—a RBS
RB3/CCP1 ——a [] 10 1 [ ~—a RBAPGM
Device Differences
Process
. Voltage .
Device g Oscillator Technology
Range .
{Microns)
PIC16F627 3.0-55 See Note 1 0.7
PIC16F628 3.0-55 See Note 1 0.7
PIC16LF627 2.0-55 See Note 1 07
PIC16LF628 20-55 See Note 1 0.7

Note 1: if you change from this device o another device, please verify oscillator characteristics in your application.

L . -
DS40300B-page 2 Preliminary © 1999 Microchip Technology Inc.




PIC16F62X

FIGURE 3-1: BLOCK DIAGRAM

13 Data Bus
e [P G- = O
[ 5 g
! Program v v i
Memory RAM \'|:> Data EEPROM
i 8 Level Stack ‘
| ) File
{13-bit) Registers
Program 4, / 7 h
Bus L RAM Addr (1) ) g ‘1 PORTA
Lporiy | 1o oo
! Direct Addr 7 g direct | u RAZIANZIVREF
o= ‘ J S L RAVANVCMP1
+— RA4TOCK1/CMP2
= RASMCLR/THY
|t RAG/OSC2/CLKOUT
8 = RAT/QOSCHCLKIN
! B
| Fowerup 3 w PORTE
57 Timer =3 » RBO/INT
: Instruction Oscillator 5 3 RB1/RXVDT
l Decade & K= | Stanup Timer| | “ s RB2/TX/CK
Control Poweron w —— 4 RBYCCP1
Reset Y L———“—‘! : gg;"PGM
Timing Watchdo . ; |
XI<=A Generation [~ Timer - i | 1] gggg:gg?nmm
OSC1/CLKIN Brown-oul E——
OSC2/CLKOUT Detect
Low-Voltage
Programming
MCLR Voo, Vss
Comparator Timer0 Timer1 Timer2 ,
43 0 4} { t
i === e
v LV {7
VREF CCP1 USART
Memory
Device FLASH RAM EEPROM
Program Data Data
PIC16F627 1024 x 14 224 x 8 128x 8
PIC16F628 2048 x 14 224 x8 128x 8
PIC16LF&27 1024 x 14 224x8 128x 8
PIC16LF628 2048 x 14 224 x 8 128 x 8
Note 1: Higher order bils are from the STATUS register.
— — —
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PIC16F62X

TABLE 3-1: PIC16F62X PINOUT DESCRIPTION

DIP/
SSOP 1o Buffer .
Name salc . Description
Pin # Pin # Type Type
RAQ/AND 17 19 o ST Bi-directionat 1/ port/Analog comparator input
RA1/AN1 18 20 [I{e] ST Bi-directional O port/Analog comparator input
RAZ2IANZVREF 1 1 o ST Bi-directional /O port/Analog comparator input/VREF out-
put
RA3/AN3/ICMPA 2 2 1o ST Bi-directional /O poart/Analog comparator input/compara-
tor output
RAA/TOCKIICMP2 3 3 o ST Bi-directional /O port/Can be configured as TOCKi/com-
parator output
RAS/MCLR/THV 4 4 1 ST Input portymaster clear (reset input/programming voltage

input. When configured as MCLR, this pin is an active low
reset to the device. Voltage on MCLR/THV must not
exceed VDD during normal device operation.
RAB/OSCZ/CLKOQUT 15 7 L8] 5T Bi-directional /O port/Oscillator crystal output. Cannects
to crystal or resonator in crystal osciliator mode. In ER
mode, OSC2 pin outputs CLKOUT which has 1/4 the fre-
quency of QSC1, and denotes the instruction cycle rate.

RA7/OSC1/CLKIN 16 18 o ST Bi-direclional /O port/Oscillator crystal input/external
clock source input. ER biasing pin.

RBO/INT 6 7 No TrusTiY Bi-directionat /O port/external interrupt. Can be software
pragrammed for internal weak pufi-up.

RB1/RX/DT 7 8 o | TTusTR Bi-directional /0 port/ USART receive pin/synchronous
data /0. Can be software programmed for internal weak
pull-up.

RB2/TXICK 8 9 WO TTusTE) Bi-directional /O port/ USART transmi? pin/synchronous
clock Q. Can be software programmed for internal weak
pull-up.

RB3/CCP1 9 10 o | TTUSTH Bi-directional YO portiCapture/Compare/PWM KO. Can
be software programmed for internal weak pull-up.

RB4/PGM 10 11 vo | TTusTE) Bi-directional /O port/Low voltage programming input pin.

Wake-up from SLEEP on pin change. Can be software
programmed for internal weak pull-up. When low voltage
programming is enabled, the interrupt on pin change and
weak pull-up resistor are disabled.

RB5 " 12 11O TTL Bi-directiona!l WO port/Wake-up from SLEEP on pin
change. Can be software programmed for intemal weak
pull-up.

RBB/T10SO/TI1CKI 12 13 o | TTusTE Bi-directional 1O port/Timer1 oscillator output/Timer1

clock input. Wake up from SLEEP gn pin change. Can be
software programmed for internal weak pull-up.
RB7/T10S! 13 14 o | TTusT® Bi-directional O porUTimer! oscillator input. Wake up
] from SLEEP on pin change. Can be software programmed
for intemmal weak puli-up.

Vss 5 56 P — Ground reference for logic and IO pins.
Vob 14 15,16 P —_ Paositive supply for logic and I/Q pins.
Legend: O = output 11C = input/outpud P = power

— = Not used i=inpul ST = Schmitt Trigger inpul

TTL = TTL input 10D =input/fopen drain oulput

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.
Note 3: This buffer is a Schmitt Trigger /O when used in USART/Synchronous mode.
Note 4: This buffer is a Schmill Trigger I/O when used in CCP mode.

Note 5: This buffer is a Schmitt Trigger inpul when used in low voltage program mode.

—
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PIC16F62X

4.0 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F62X has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. Only
the first 1K x 14 (0000h - 03FFh) for the PIC16F627
and 2K x 14 (000Ch - Q7FFh) for the PIC16F628 are
physically implemented. Accessing a location above
these boundaries will cause a wrap-around within the
first 1K x 14 space {PIC16F627) or 2K x 14 space
{PIC16F628). The reset veclor is at 0000h and the
interrupt vector is at 0004h (Figure 4-1 and Figure 4-2).

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F627

l

\ | PC<12:0> ]
CALL, RETURN 13 .
RETFIE, RETLW ==

Stack Level 1 1
Stack Level 2

.
Stack Level 8 J

: Reset Veclor 000h
<,:_
Interrupt Vector 0004
Q005
On-chip Program
Memory
03FFh
i 0400h
I
1FFFh

FIGURE 4-2: PROGRAM MEMORY MAP AND
STACK FOR THE PIC16F628

PC<120> |

CALL, RETURN j; 13,
RETFIE, RETLW 7 ]

! Stack Level 1
Stack Level 2

[ ]
Stack Level 8

Reset Vector 000h
<}_—:

Interrupt Vector 0004

0005
On-chip Program
Memory
07FFn
(80Ch
1FFFh
4.2 Data Memory Organization

The data memory (Figure 4-3) is partitioned inlo four
Banks which contain the general purpose registers and
the specia! function registers. The Special Function
Registers are located in the first 32 locations of each
Bank. Register locations 20-7Fh, AOh-FFh, 120h-14Fh,
170h-17Fh and 1FOh-1FFh are general purpose regis-
ters implemented as static RAM.

The Table below lists how toc access the four banks of
registers:

RP1 RPO
Bank0 0 0
Bank1 0 1
Bank2 1 0
Bank3 T 1

Addresses FOh-FFh, 170h-17Fh and 1FQh-1FFh are
impiemented as common RAM and mapped back to
addresses 70h-7Fh.

421 GENERAL PURPQOSE REGISTER FILE

The register file is organized as 224 x 8 in the
PIC16F62X. Each is accessed either directly or indi-
rectly through the File Select Register FSR
{Section 4.4).

© 1999 Microchip Technology Inc.
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PIC16F62X

FIGURE 4-3: DATA MEMCRY MAP OF THE PIC16F627 AND PJC16F628
]
' File
Address
Indirect agdr.(*} { 00h Indirect addr.(*) | aoh Indirect addr.{*) | 100h Indirect addr.{*} | 180h
TMRO 01h OFTION 81h TMRO 101h OFTION 1810
PCL 02h PCL 8zh PCL 102h PCL 182h
STATUS 03h STATUS g3h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
! 0gh 86h 108h 188h
gh 89h 109h 1agh
PCLATH GAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 08h INTCON 86h INTCON 10Bh INTCON 188h
PIR1 0ch PIE1 sch i0Ch tach
00h 8Dh 10Dh 18Dh
TMR1L OEh PCON 8Eh 10Eh 18Eh
- TMR1H 0Fh 8Fh 10Fh 18Fh
( T1CON 10h go0h
TMR2 11h g1h
T2CON 12h PR2 9zZh
‘ 13h 93h
| 14h g4h
: CCPRIL 15h 95h
\ CCPR1H 16h 96h
CCPi1CON 17h gTh
{ RCSTA 18h TXSTA 98h
' TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
iCh EECON1 9Ch
10h EECON2" aDh
. 1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
n
20h F?:r:z;ael AOh Elf!pi?; 120h
Register Register
80 Bytes 48 Bytes 14Fh
Generai . 150h
Purpose
Register -
% Etes Fon 7on
accesses accesses accesses
. 70h-7Fh 70h-7Fh 70h - 7Fh
: 7Fh FFh 17Fh 1FFH
Bank ¢ Bank 1 Bank 2 Bank 3
Dunimplemented data memory locations, read as '0".
* Not a physical register.
]
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PIC16F62X

4.4 Indirect Addressing, INDF and FSR EXAMPLE 4-1: [INDIRECT ADDRESSING
B—EQLSE& movlw Ox20 ;initialize poincer
The INDF register is not a physical register. Addressing movwi  FSR ito RAM
the INDF register will cause indirect addressing. NEXT clcf  INDF  ;clear INDF register
inef FSR ;inc pointer

Indirect addressing is possible by using the INDF register.
Any instruction using the INDF register actually accesses
data pointed to by the file select register {FSR). Reading
INDF itself indirectly will produce 00h, Writing to the INDF iyes concinue
register indirectly resulls in a no-operation (although sta- CONTINUE:

tus bits may be aflected). An efleciive 9-bil address is

obtained by concatenating the 8-bit FSR register and the

IRP bit (STATUS<7>), as shown in Figure 4-8.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 4-1.

btfss FSR, 4 ;all done?
gato MEXT ino elear next

FIGURE 4-8: DIRECT/ANDIRECT ADDRESSING PIC16F62X

Direct Addressing R tndirect Addressing
'RP1 RPO 6 from opcode 0 IRP 7 FSR register 0
L e bt (] LIt li il
, . v - — A " _
bank select  location select bank select location select
. » 00 04 10 11 -
0oh 180h
!
Data
Memory
l.
i
7Fh 1FFh
‘ Bank 0 Bank1 Bank2 Bank3
“ For memory map detail see Figure 4-3.
=]
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PIC16F62X

TABLE 5-1: PORTA FUNCTIONS

Buffer

Name Bit # Type Function
RAQ/ANO bitd ST Bi-directional /O port/comparator input
RA1T/AN1 hit1 ST Bi-directional /0 port/comparatar input
RAZ/ANZNREF hit2 ST Bi-directional I/Q port/analeg/comparator input or VREF output
RAJ/AN3 bit3 ST Bi-directional I¥O port/analog/comparator input/comparator output
RA4/TOCKI bit4 ST Bi-directional /0 port/external clock input for TMRQ or comparator output.
Qutput is open drain type.
RASMCLR/THV bit5 ST Input port/master clear {reset input/programming voltage input. When

configured as MCLR, this pin is an active low reset to the device. Vollage
on MCLR/THV must not exceed VDD during normal device operation,

RAB/OSC2/CLK- bit6 ST Bi-directional IO port/Oscillator crystal output. Connects to crystal or res-

ouT onator in crystat oscillator mode. In ER mode, OSC2 pin outputs CLKOUT
which has 1/4 the frequency of OSC1, and denotes the instruction cycle
rate.

RA7/OSC1/CLKIN bit7 ST Bi-directional IYQ port/oscillator crysta! input/external clock source input.

Legend: ST = Schmitt Trigger input
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Value on
Address |Name Bit7 Bit6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
05h PORTA RA7 RAS RAS RA4 RA3 RAZ2 RA1 RAD xxxx 0000 [ xxxu 0000
85h TRISA TRISA? | TRISAG — TRISA4 | TRISA3 | TRISAZ | TRISA1 | TRISAD 11-1 1111 11-1 1111
1Fh CMCON C20UT | C10UT | C2INV | CHINV cIs CM2 CM1 CMO 0000 0000 | 0000 0000
afh VRCOM VREN VROE VRR —_ vR3 VR2 VR1 VRO 000- 0000 | 000- 0O0OO

Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown
Note: Shaded bits are not used by PORTA,

© 1999 Microchip Technology Inc. Preliminary DS40300B-page 33




PIC16F62X

TABLE 5-3: PORTB FUNCTIONS

Name Bit # B_rt;f;e;r Function

RBO/ANT hito TTL/STH) | Bi-directional IO port/external interrupt. Can be soflware programmed for
internal weak puli-up.

RB1/RX/DT bit1 TTLST® | Bi-directional /O port/ USART receive pin/synchronous data Q. Can be
software programmed for internal weak pull-up.

RB2/TX/CK bit2 TTUL/8T(¥ | Bi-directional I/Q port/ USART transmit pin/synchronous clock I/Q. Can be
software programmed for internal weak puli-up.

RB3/CCP1 bit3 TTL/sTH) | Bi-directional IfO port/Capture/Compare/PWM I/Q. Can be sofiware pro-
grammed for internal weak pull-up.

RB4/PGM bit4 | TTL/ST!S) |Bi-directional HO port/Low voltage programming input pin. Wake-up from
SLEEP on pin change. Can be software programmed for intemal weak
pull-up. When low vollage programming is enabled, the interrupt on pin
change and weak pull-up resistor are disabled.

RB5 bits TTL Bi-directional O port/Wake-up from SLEEP on pin change, Can be soft-
ware programmed for internal weak pull-up.

RBEM10SOMICKI | bil6 | TTgTE |Bi-directionat I/Q port/Timert oscillatar output/Timer1 clock input. Wake up
from SLEEP on pin change. Can be software programmed for intemal weak
puli-up. .

RB7/T108I bit7 | TTr/5TW@ |Bi-directional O portfTimer1 oscillator input. Wake up from SLEEP an pin
change. Can be software programmed for intermal weak pull-up.

Legend: ST = Schmitt Trigger, TTL = TTL input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
Note 2: This buffer is a Schmitt Trigger input when used in serial programming mode.
Note 3: This buffer is a Schmitt Trigger /O when used in USART/synchronous mode.
Note 4: This buffer is a Schmitt Trigger /O when used in CCP mode.

Note 5: This buffer is a Schmitt Trigger input when used in low voltage program mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORT

value on Value on
Address | Name Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
Resets
06h PORTB RBY RB& R85 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
86h TRISB TRISB7 | TRISBS | TRISBS | TRISB4 | TRISB3 | TRISB2 [ TRISB1 [ TRISBO { 1111 1111 {11211 1111
8th OPTION | RBPU | INTEDG | TOCS TOSE PSA Ps2 P51 PS0O | 1111 1111 §1111 1111

Legend: u = unchanged, x = unknown
Note: Shaded bits are not used by PORTB.

© 1999 Microchip Technology inc.
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53 I/Q Programming Considerations
5.3.1 BI-DIRECTIONAL /O PORTS

Any instruction which writes, operates intemally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result back
to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outpuls defined. For example, a BSF operalion on bits
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bit5 and PORTB is writlen to the output latches. If
another bit of PORTB is used as a bidirectional [fO pin
(e.g., bit0) and it is defined as an input at this time, the
input signal present on the pin itselfl would be read inlo
the CPU and re-written to the data latch of this
particular pin, overwriting the previous content. As fong
as the pin stays in the input mode, no problem occurs.
However, if bit0 is switched into output mode later on,
the content of the data latch may now be unknown.

Reading a port register, reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read modify write instructions
(ex. BCF, BSF, elc.)on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-2 shows the effect of two sequential
read-modify-write instructions (ex., BCF, BSF, etc.)on
an KO port

A pin actively outputling a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin ("wired-or”, “wired-and”).
The resulting high output currenis may damage
the chip.

FIGURE 5-16: SUCCESSIVE I/O OPERATION

READ-MODIFY-WRITE
INSTRUCTIONS ON AN
I/O PORT

; Initial PORT settings: PORTB<7:4> Inputs

EXAMPLE 5-2:

: PORTB<3:0> Outputs
; PORTB<7:6> have exvernal pull-up and are not
; connected to other circuicry

PORT latch PORT pins

BDF STATUS,RPO ;
BCF PORTB, 7 ; 0lpp pppPD 1ipp pppp
BCF PORTB, 6 : 10pp pPPP  11pPP PDPP
BSF STATUS,RPO

BCF TRISB, 7 ; 10pp pppp  llpp pPppp
BCF TRI=H, & : 10pp pppp  10pp pppp

the user may have expected the pin
be 00pp pppp. The 2nd BCF caused
jatched as the pin value (High).

; Note cthac
; values to
: RB7 to be

53.2 SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write 1o an I/Q port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
{Figure 5-16). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same 1O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load
dependent) before the next instruction which causes
that file to be read into the CPU is executed. Otherwise,
the previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with a NOP or another
instruction not accessing this VO port.

‘o1l czlaslas (a1l a2l @al ce! 1] ozl 03l oa’ a1l gzl o3l oa | |Nete
. This example shows wiite 1o PORTB
PC PC b PC+1 X PG+2 X PC+3 fallowed by a read from PORTB.
Instruction | mMowF PORTE « MOVE PORTB,W: .« NOP , NOP * | Note that:
fetched . write to PORTE + Read 1o PORTB - . ‘ .
' ' . . ' ' data setup time = (0.25 Tcy - Tep)
. ' ' ' ' where Tcv = instruction cycle and
R v v T ' TPD = propagation delay of Q1 cycle
RB<7:0> [ T .mx T ' to cutput valig,
: : : : ?PD"‘ pin : : Therefore. at higher clock frequencies,
. . + sampled here , . |a write followed by a read may be
: . TPO —= ) o -— . . | problematic.
h h Execute : Execute ! Execute *
* ' MOVWF MOVWF ' NOP '
PORTB PORTB
——
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6.0 TIMERO MODULE

The Timer0 module timer/counter has the following
features:

+ 8-bit timer/counter

* Readable and writable

*+ 8-bit software programmable prescaler

* Internal or exiernal clock select

 Interrupt on overftow from FFh to O0h

» Edge select for external clock

Figure 6-1 is a simplified block diagram of the Timer0
module.

Timer mode is selecied by clearing the TOCS bit
{OPTION<5=>}. In timer mode, the TMRO will increment
every instruction cycle {without prescaler). if TimerQ is
written, the increment is inhibited for the following two
cycles (Figure 6-2 and Figure 6-3). The user can work
around this by writing an adjusted value to TMRO.
Counter mode is selected by setting the TOCS bit. In
this mode TimerQ will increment either on every rising
or falting edge of pin RA4/TOCKI. The incrementing
edge is determined by the source edge (TOSE) control

FIGURE 6-1: TIMERO BLOCK DIAGRAM

bit {OPTION<4>). Clearing the TOSE bit selects the
rising edge. Restrictions on the extemal clock input are
discussed in detail in Section 6.2.

The prescaler is shared between the Timer0 module
and the Watchdog Timer. The prescaler assignment is
controlled in software by the control bit PSA
{OPTION<3>}. Clearing the PSA bit will assign the
prescaler to TimerQ, The prescaler is not readable or
writable. When the prescaler is assigned to the Timer0
module, prescale value of 1:2, 1:4, .., 1256 are
selectable. Section 6.3 details the operation of the
prescaler.

6.1 TIMERO Interrupt

Timer( interrupt is generated when the TMRO register
timer/counter overflows from FFh to 00h. This overflow
sets the TOIF bit. The interrupt can be masked by
clearing the TOIE bit {INTCON<5=>). The TOIF bit
{(INTCON<2>) must be cleared in software by the
Timer0 module interrupt service routine before
re-enabling this interupt. The TimerQ interrupt cannot

-wake the processor from SLEEP since the timer is shut

off during SLEEP. See Figure 6-4 for TimerQ interrupt
timing.

RAA4/TOCKI Fosc/d

pin
Programmable

| Prescaler

: TOSE }

I PS2:PS0O
1

TOCS

Note 1: Bits TOSE, TOCS, PS2, PS1, PS0 and PSA are located in the OPTION register.
2: The prescaler is shared with Watchdog Timer (Figure 6-6)

L

Data bus
PSout 8
Sync with
Internal TMRO
clocks
PSout
(2 Tcy delay)
Set Flag bit TOIF
PSA on Overflow

FIGURE 6-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALER

PC ‘01| az|a3]os; 01| 2|3 a4 01| az|e3] o1 ;61| a2 eaos ja1)az|os| oe jatfoz|a3fad a1 az| o3| o4 [ | oz|as] a4,
{Program, B 1 1 ' 1 ' ' ) '
Counter} { PC-1 ¥ P X PC+1 X Y_“Peya ) PCd  § FCis N PCe )
; I ) 1 ; 4 0 9 /

‘;'Bllgmiﬂ" ! ' MOVWFE TMRO * MOVF TMRO,W ' MOVF TMRO.W ' MOVF TMRO.W 'MOVF TMRO.W ! MOVF TMROW ! !

e ' . ' ' ) ' .

. . '

TMRD 1o ) AT (I RD S {2 S P ———— RTGEL X LATE X
. . \ p " \ ) \ ]

nstruction ' 1 . t ' v ‘ ] 1
Exacuted ' ‘ Write TMR0 ' RoadTMRO ' Read TMRO | Read TMRD | Read TMRO | Raad TMRD |

exacuted reads NTQ reads NTO reads NTQ reads NTQ + 1 reads NTO + 2
[ R R
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FIGURE 6-3: TIMERQ TIMING: INTERNAL CLOCK/PRESCALE 1:2

[ PC ‘01| o2}o3|ee, 01| oz{o3)oe e1| 02]a3] o4 lot| 02 ]os|oe Je1]az[ @3] s jo | 02| 03] 04 a1 )02 | o3| et Lot | c2|as] oa
Program ) \ . ; | \ . \
oufter)  (TBERTTTY Be Y Poet Y Peey Y BCe3 Y PCea ¥ Pees Y. Beeg] )
Instrution ! MOVWF TMRO ' MOVF TMROW ' MOVF TMROW ' MOVE TMROW 'MQVF TMROW ' MOVF TMROW | ‘
Felc ] ] 1 ] Ll ] ] 1 (]

TMRO b 3 Y- T ) - . TG A YR 1
: . X : f . f . f : f . ? :

Instryction | ' . ' ' ' ' .
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FIGURE 6-4: TIMERO INTERRUPT TIMING
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Note 1; TOIF interrupt flag is sampled here {(every Q1).
2: Interrupt tatency = 3Tcy, where Ter = instruction cycle time
3: CLKOUT is available only in ER and INTRC (with dockout) osciltator modes.
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