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Advantage of this device creat to measure speed when on load. This method can safe
motor to not damage.?n “Thailand a device to measure torque are expensive and difficult to
.available.Principal of this device is measured speed to processing signal from encoder by
lmicroprocessor.Encoder can creat vary signal from speed. Section of torque has a shaft of
induction motor connect to shaft of d.c.motor, Visual load of induction motor is d.c.motor.And

then send speed,voltage and current tocalculate torque and display by seven segment.
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Arow ADDRESS - ROW
CE\ CHIP ENABLE
OE\ OUTPUT ENABLE
00-07 | OUTPUTS

PGM\ PROGRAM

Block Diagram

A row —->

Acol —->

OE\ —3
CE\ —>»
PGM\ —-

ROW
DECODERS

DECODERS

CONTROL
LOGIC
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Pin Configuration

VPP - Vee
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A6 A8
AS A9
Ad All
A3 OE\
A2 AlO
Al CE\
A0 07
00 06
01 05
02 04

GND 03

MEMORY
ARRAY
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GATING

00-07
BUFFERS
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Source code program 1141]%&9@114%1&5

DATA EQU P14
LOAD EQU P15
CLOCK  EQU P1.6
DATA_T EQU P11
LOAD_T EQU P1.2
CLOCK_T EQUP1.7
RE EQU P1.3
SENSOR EQU P34

DIG7 EQU41H ;DISPLAY BUFFERDIG7
DIG6 EQU 42H ;DISPLAY BUFFERDIG 6
DIG5 EQU43H ;DISPLAY BUFFERDIG 5
DIG4 EQU 44H ;DISPLAY BUFFER DIG 4
DIG3 EQU 45H ;DISPLAY BUFFER DIG 3
DIG2 EQU 46H ;DISPLAY BUFFERDIG 2
DIG1 EQU 47H ;DISPLAY BUFFER DIG 1
DIGO EQU 48H ;DISPLAY BUFFERDIGO
DIGI7 EQU 51H
DIGI6 EQU 52H
DIGI5 EQU 53H
DIGI4 EQU 54H
DIGI3 EQU 55H
DIGI2 EQU 56H
DIGI1 EQU 57H
DIGI0O EQU 58H

HEX_MSB EQU 49H ;BUFFER VAR 16 BIT MSB
HEX_LSB EQU 4AH ;BUFFER VER 16 BIT LSB -
OLD_SPEED_MSB EQU 4BH ;MEMORY FOR OLD SPEED MSB
OLD_SPEED_LSB EQU 4CH ;MEMORY FOR OLD SPEED LSB
HEX_MSB_T EQU 59H

HEX _LSB_T EQU 5AH

OT_MSB EQU 5BH
OT_LSB EQU 5CH
ORG 8100H

READ_SPEED:

MOV TMOD,#5 ;COUNTER 0 MODE 1 16 BIT
MOV THO#0 ;CLEARTHO

MOV TLO#0 ;CLEARTLO

CLRTFO ;CLEAR TCON.5

SETB SENSOR  ;SET BIT P3.1

SETBTRO  ;START COUNTER

MOV A#200

LCALL DELAY_MS ;DELAY 200 MS



CLRTRO ;STOP COUNTER

MOV DPH,THO ;LOAD DATA FORM THO TO DPH

MOV DPL,TLO ;LOAD DATA FORM TLO TO DPL

LCALL TOQRE

LCALLHTOD ;CALL SUB PROGRAM CONVERT HEX TO DECIMAL

MOV HEX_MSB,R2 ;VAR R2 IS MSB BCD(8 BIT BUFFER)

MOV HEX_LSB,R3 ;VAR R3 IS LSB BCD(8 BIT BUFFER)

JNB RE,OLD ;IF SESET IS 0 GOTO OLD

MOV OLD_SPEED_MSB,R2

MOV OLD_SPEED_LSB,R3

OLD: LCALL INIT_MAX

LCALL HEX_TO_7_SEGBUF ;READ DATA FORM

HEX_MSB,HEX_LSB,0LD_SPEED_MSB
;AND OLD_SPEED_L SB AND WRITE TO DISPLAY BUFFER

LCALL SCAN ;READ DISPLAY

BUFFER(41H,42H,43H,44H,45H,46H,47H,48H)
;TO7 SEGMENT
JMP READ_SPEED ;READ NEW SPEED

;SUBPROGRAM DELAY TIME

DELAY_MS:
PUSH ACC
PUSH B
MOV B#0

DD:

DJNZ B,$
DJNZ B,$
DJNZ ACC,DD

POPB
POP ACC
RET

;SUB PROGRAM HTOD

HTOD:

CLRA

MOV R1,A

MOV R2,A

MOV R3,A

MOV R4 #16
HTOD1:

MOV A,DPL

RLCA

MOV DPL,A

MOV A,DPH

RLCA

MOV DPH,A

MOV R5#3



MOV RO#3
HTOD2:

MOV A,@RO

ADDC AACC

DAA

MOV @R0,A

DECRO

DJNZ R5,HTOD2

DJNZ R4,HTOD1

RET

;SUBPROGRAM HEXTO7SEBUF
HEX_TO_7_SEGBUF:

MOV AJHEX_MSB
PUSH ACC

ANL A#0FOH
SWAP A

MOV DIG3,A
POP ACC

ANL A #0FH
MOV DIG2,A
MOV AHEX_LSB
PUSH ACC

ANL A #0FOH
SWAP A

MOV DIG1,A
POP ACC

ANL A #0FH
MOV DIGO,A
MOV A,OLD_SPEED_MSB
PUSH ACC

ANL A #0FOH
SWAP A

MOV DIG7,A
POP ACC

ANL A #0FH
MOV DIG6,A
MOV A,OLD_SPEED_LSB
PUSH ACC

ANL A #0FOH
SWAP A

MOV DIGS,A
POP ACC

ANL A #0FH
MOV DIG4,A
RET
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;SUB PROGRAM SCAN;

SCAN:
PUSH 00
PUSH ACC
MOV B,#08
MOV DPH,#08
MOV RO#41H
SCANLX:
MOV DPL,@R0
LCALL SHIFT
DEC DPH
INCRO
DJNZ B,SCANLX
POP ACC
POP 00
RET

.
tH

;SUB PROGRAM INIT-MAX7219

INIT_MAX:
MOV DPTR#0A08H ;INTENSITY(MIDDLE)

LCALL SHIFT
MOV DPTR#0BO7H  ;SCAN LIMIT (8DIGIT)

LCALL SHIFT
MOV DPTR#09FFH  ;DECODE FOR DIGIT 7-0

LCALL SHIFT
MOV DPTR#0CO1H = ;NOT SHUTDOWN(NORMAL OPR.)

LCALL SHIFT
MOV DPTR#0FOOH  ;NOT DISPLAY TEST(NORMAL OPR.)

LCALL SHIFT
RET

; SUB PROGRAM SHIFT ADDRESS AND DATA TO MAX7219

SHIFT: MOV R2#8 ;COUNTER ADDRESS OUT
MOV ADPH ;GET ADDRESS
CLR CY
CLR CLOCK
CLR LOAD
SHIFT1: RLC A ;SHIFT OUT D15...D8
MOV DATA,C
SETB CLOCK ;SHIFT CLOCK
CLR CLOCK
DJNZ R2,SHIFT1
MOV R2#8 ;COUNTER DATA OUT
MOV ADPL ,GET DATA
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CLR CY
SHIFT2: RLC A ;SHIFT OUT D7...D0
MOV DATA,C
SETB CLOCK ;SHIFT CLOCK
CLR CLOCK
DJNZ R2,SHIFT2
SETBLOAD ;LATCH DATA TO MAX7219
CLR LOAD
RET

;SUB PROGRAM TOQRE

okkkkkkkkkkkkrkrhhd
1)

TOQRE:
PUSH DPH
PUSH DPL
LCALL CAL_T
LCALLHTOD
MOV HEX_MSB_T,R2
MOV HEX_LSB_T,R3
JNB RE,OT
MOV OT_MSB,R2
MOV OT_LSB,R3
OT: LCALL INIT_MAX_T
LCALL HEX_TO_7_SEGBUF_T
LCALL SCAN_T :
POP DPL
POP DPH
RET

;SUB PROGRAM CAL_T

kAR ERREkKRRRAAkARE
b

CAL_T:
PUSH ACC
PUSHB
MOV A,DPH
MOV OFOH #2H
DIV AB
MOV DPHA
MOV AB
SWAP A
MOV R2,A
MOV A,DPL
ANL A #0FOH
SWAP A
ADD AR2



MOV OFOH #2H
DIV AB

SWAP A

MOV R1,A
MOV A,DPL
ANL A#OFH
MOV R3A
MOV AB
SWAP A

ADD AR3
MOV OFOH,#2H
DIV AB

ADD ARt
MOV DPLA
POP B

POP ACC
RET

;SUB PROGRAM HEX TO 7 SEGBUF T

TARRREERRRKTRERERRRRERR ARk Ak A k%
H

HEX_TO_7_SEGBUF_T:

MOV AHEX_MSB_T
PUSH ACC

ANL A#0FOH
SWAP A

MOV DIGI3,A

POP ACC

ANL A#OFH

MOV DIGI2,A

MOV AHEX_LSB_T
PUSH ACC

ANL A#OFOH
SWAP A

MOV DIGI1,A

POP ACC

ANL A#OFH )
MOV DIGIO,A

MOV A,0OT_MSB
PUSH ACC

ANL A#0FOH
SWAP A

MOV DIGI7 A
POP ACC

ANL A#OFH
MOV DIGI6,A



-

MOV A,OT_LSB
PUSH ACC

ANL A #OFOH
SWAP A

MOV DIGI5,A
POP ACC

ANL A#0FH
MOV DIGI4,A
RET

;SUB PROGRAM SCAN_T

TARRARRRALRREARATRAY
1

SCAN_T:
PUSH 00
PUSH ACC
MOV B,#08
MOV DPH,#08
MOV RO,#51H
SCAN_T1:
MOV DPL,@RO
LCALL SHIFT_T
DEC DPH
INC RO
DJNZ B,SCAN_T1
POP ACC
POP 00
RET

:SUB PROGRAM INIT_MAX_T

TKEREKRRAARERARATSERR AR ALLR
H

INIT_MAX_T:

MOV DPTR#0A08H
LCALL SHIFT_T
MOV DPTR#0B07H
LCALL SHIFT_T
MOV DPTR #09FFH
LCALL SHIFT_T
MOV DPTR#0CO1H
LCALL SHIFT_T
MOV DPTR #0F00H
LCALL SHIFT_T
RET



Serially Interfaced, 8-Digit LED Display Driver

Table 6. Intensity Register Format
(Address (Hex) = XA)

Table 7. Scan-Limit Register Format
(Address (Hex) = XB)

DUTY REGISTER DATA (HEX REGISTERDATA  (HEX
CYCLE p7 ps D5 D4 D3 D2 D1 Do CODE) D7D6D5D4D3D2D1po COCE)
( n}ﬁgﬂ) X X X 0 0 0 0 X0 *DISPLAYDIGITOONLY X X X X X 0 0 0 X0
T X o s % “DISPLAYDIGITSO0&1 X X X X X 0 0 1__ X1
X 0 e “DISPLAYDIGITS012 X X X X X 0 1 0 X2

> DISPLAYDIGITS0123 - X X X X X 0 1 1 X3
2 X X X X 0 4H 1 1 x3 SPLAY DIGTS
932 X X X X 0 1 0 0 X4 01234 XX XXX 100 x4
W2 X X X X 0 1 0 1 %8 DISPLAY DIGITS
4 XXX XX 101
1332 X X X X 0 1 1.0 X 012345 X
DISPLAY DIGITS
s T T e [BEWARE iacxio
. | DISPLAY DIGITS
1982 X X X %X 1.0 0 .1 X | 01234567 XXX XX 111 X7
21132 XX 2o X¢ 1AL0 1 0 XA * See "Scan-Limit Rzgister" lext for application.
2382 X X X X 1.0 1 .1 X8 | Rl
2532 X [ xD)x (X Wi qt] 10 N0 _XC Table 8. Maximum Segment €urrent for 1,2 or 3
27132 KN Yo X_ JXePonenel St XD Digit Displays
! 1 X .
202X Xy X ¥ APoowt Q1f %8 NUMBER OF DIGITS MAXIMUM SEGMENT |
a2 ) & DISPLAYED . . . CURRENT
ey Kl 2SR Y A
s 1 . 10mA
2 20mA !
Scan-Limit Register 3 30mA |

The scan-limit register sets how.many digits are displayed,
from 1to 8. They are displayed in a multiplexed manner
with a typical display scan rate of 1300Hz with 8 digits
displayed. If fewer digits are displayed, the scan rate is
8tosc/N, where N is the number of digits scanned. Since
the number of scanned digits affects the display bright-
ness, the scan-limit register should not be used 1o blank
portions of the display {(such as leading zerc suppres-
sion). The scan-limit register format is listed in Table 7

If the scan-limit register is set for three digits or less,
individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the RSET resistor
must be adjusted according to the number of digits
displayed, to limit individual digit driver power dissipa-
tion. Table 8 lists the number of digits displayed and the
corresponding maximum réecommended segment cur-
rent when the internal digit drivers are used.

Display-Test Register

The display-test register has two modes of operation,
normal and display-test. Display-test mode turns all
LEDs on by overriding all control and digit registers,
including the shutdown register. The data in these regis-
ters is not altered. In display-test mode, 8 digits are
scanned and the duty cycle is 31/32:. The display-test
register format is fisted in Table 9.~

Table 8. Display-Test Register Format
(Address (Hex) = XF)

REGISTER DATA
D7 D6 D5 D4 D3 D2 D1 DO
X X X X X X X 0
X X X X X X X 1

NORMAL OPERATION
DISPLAY TEST MODE

No-Op Register

The no-op register is used when cascading MAX7219s.
Connect all devices' LOAD inputs together and connect
DOUT to DIN on adjacent MAX7219s. DOUT is a CMOS
logic level output that easily drives DIN of a successively
cascaded MAX7219. Reler to the “Serial Addressing
Modes® section for detailed information on serial
input/output timing. For example, if four MAX7219s are
cascaded, then to write to the fourth chip, send the
desired 16-bit word, followed by three no-op codes (hex
-XOXX, see Table 2). Whenload goes high, data is latched
in all devices. The first three chips receive no-op com-
mands, and the fourth receives the intended data.
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Serially Interfaced, 8-Digit LED Display Driver

General Description

The MAX7218 is a compact, serial input/output common-
cathode display driver that interfaces microprocessors
(uPs)to 7-segment numeric LED displays of up to 8 digits,
bar-graph displays, or 64 individual 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. Only one external resistor is
required to sef the segment current for all LEDs.

A convenient 3-wire serial interface connects to all com-
mon pPs. Individual digits may be addressed and up-
dated without rewriting the entire display. The MAX7219
also allows the user to select code-B decoding or no-de-
code for each digit.

The MAX7219 includes a 150uA low-power shutdown
mode, analog and digital brightness control, a scan-limit
segister which allows the user to display from 110 8 digits,
and a test mode which forces all LEDs on.

Applications

Bar-Graph Displays
7-Segment Displays
Industrial Controllers

VX1V

Features

4 10MHz Serial Interface

¢ Individual LED Segment Control

¢ Decode/No-Decode Digit Selection .
¢ 150pA Low-Power Shutdown (Data Retained)
4 Digital and Analog Brightness Control

4 Display Bianked on Power-Up

¢ 24-Pin DIP and SO Packages

¢ Drives Common-Cathode LED Display

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX7219CNG 0°Cto+70°C 24 Narrow Plastic DIP
MAX7219CWG 0°Cto+70°C 24 Wide SO
MAX7219C/D. 0'Cto+70°C Dice”

MAX7219ENG -40°C10 +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°C 1o +85°C 24 Wide SO
MAX7219ERG -40°Cto +85°C 24 Narrow CERDIP

* Contact factory for dice specifications.

Panel Meters
LED Matrix Displays
Pin Configuration A g . . .
g Typical Application Circuit
TOPVIEW @8888888
.—-V W LU

om 1] 24) DOUT v

0160 2] 23] SEGD -4

vi64 [3] Aa>aAa (22 si 0P i

oD E MAX7219 E SEGE 953k N Vs

1sg1 DIG 0- 2,
0i6 5] 20] seG ¢ oig7 [
SERIAL 1 ow 8 DIGHTS

DIG 2 E E] Ve DATA QUT ARAXILM .

063 7] 1g] 561 LOAD OUT 2 LDADMAX7219

067 {8 SEGG

N (o] 7] CLOCK OUT L1 P SEGAG, ]

oo 5] 16] SEGB 9 SEBOPY g seGmeNTs

DIG 5 [E :@ SEGF GND

DIG 1 E ,:4] SEGA GND

10A0 [i2] E_?} ClK __‘

DIP/SO

8-DIGIT MICROPROCESSORDISPLAY

6LCLXVIN



-

MAX7219

Serially Interfaced, 8-Digit LED Display Driver

ABSOLUTE MAXIMUM RATINGS

Continuous Power Dissipation (Ta = +85°C)

Narrow Plastic DiP
Wide SO
CERDIP .

V+VORAGE ... vt v Operating Temperature Ranges:
DIGO-DIG7 Sink Current . .....ovvenniinevenaennns 500mA MAX7219C_G ............ oo
SEGA-G,DPSourceCurrent ..........cooveiinnn 100mA MAX7219E_G ...... o

Input Voltage (anypin) ................. V+ +0.3V10-0.3V Storage Temperature Range .

Lead Temperature (soldering, 10 sec) . : : .

0°Cto +70°C
-40'C 1o +85°C
65°C to +160°C
. +300°C

Stresses beyond those listed under ‘Absolute Maximum Ratings” may cause permanent damage lo ihe device. These are stress ratngs only, and functional

operation of the device at these or any other conditions beyond

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V4 = 5V +10%, RSET = 9.53kQ £1%, Ta = TMin 1o Tmax. unless otherwise noted.)

those indicated in the operalional seclions of the specifications is not imzhed. Exposure to

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX |uNITs

Operating Supply Voltage V4 4.0 6.0 \'
Shutdown Supply Curren 10| Ghutgown egister SeL10.0, Ta = +25°C 150 | pA

RseT = infinity 8 mA .
Operating Supply Current lop All segments and decimal points on,

ISEGO = - 330 mA
Display Scan Rate fosc V+ = 5V, 8 digits scanned £00 1300 2000 | Hz
Digit Drive Sink Current IDiGt Ta'= +25°C. V4 = 5V, Vourt = 0.65V 320 | mA
Segment Drive Current Source ISEGO Ta = +25°C, V+ = 5V. Voyt =V+ - 1V -30 -37 -40 i mA
Segment Drive Current Matching 3.0 %
Digit Drive Source Current IDIGO Digit off, Voyr = V+ - 0.3V -2 mA
Segment Drive Current Sink 1SEGI Segment off, Vout = 0.3V 5 mA
LOGIC INPUTS

DIN, CLK and LOAD
Input Current ! ViN =0V '11 . pA

Vin=V+ |
Logic 1 Input Voltage ViH 35 Y
Logic 0 Input Vcltage Vi 5 08 \J
Hysteresis Voltage DIN, CLK, and LOAD 1.0 \

DOUT .
Output High Voltage VOH louUT = -1mA, V+-10 v

loyt -1uA V+
Output Low Voltage Vor DOUT, lout = 1.6mA 0.4 v
Data-Hold Time DATAIN to Clock IDH Q -5 ns
Data-Setup Time DATAIN To Clock DS 25 ns
Clock-to-Serial Output Prop Delay 1OPD CLoaD = 50pF 25 ns
Clock Low Time tCKL 50 ns
Clock High Time {CKH 50 ns
Data-to-Segment Prop Delay (Note 1) | ipsep CLoAD = 50pF 0 2.25 ms
lé?se'\ggRés(;gg Edge to Next Clock WDCK 50 ns
ggﬁ; tTcir"l]_gad Rising Edge 1cKLD 0 ns
Load Low Time Y oL S0 i ns
Load High Time tLoH S0 ns

Note 1: Guaranteed by design.
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Serially Interfaced, 8-Digit LED Display Driver

Typical Operating Characteristics

SCANFREQUENCY vs. SEGMENTDRIVEROQUTPUT
SUPPLYVOLTAGE vs. SEGMENT CURRENT
1400 T —T 800 ] T
Ta=+25°C 4 A=+,
1350 A i / 700 A= t t
: 5 N\ Viep =15V
/) & %
5 1300 8 VieD = ZVX
s / 2 s
L 1290 4 =]
g / g s w
S 1200 5 A
g ] E a3 N
50 i 3 \
11
b 200
1100 100
4 45 e 55 (4 10 20 30 40
SUPPLY VOLTAGE (V) X SEGMENT CURRENT {mA)
Pin Description
»
[ PN NAME FUNCTION i
1 1 DIN Serias Data Input. Data is loaded into an internal 16-bit shift register on the rising edge of CLK. |
‘2. 3.5-8,10, 11 DIGO-7 8 digit drive lines that sink current from the display. i
! 4,9 GND Ground (both GND pins must be connected) !
T
i 12 LOAD Loac Data Input. On LOAD's rising edge, the last 16 bits of serial input data are latched. .. ° !
;[ 13 CLK Clock Input. 10MHz maximum rate. On CLK's rising edge, data is shifted into the internal shifi ‘
\ regisier, ‘'On CLK's falling edge. data is clocked out of DOUT. P
14-17,20-23 | SEG A-G, DP | 7-segment drive and decimal point lines that source current to the display. ;
18 ISET Connect to V+ through a resistor (RseT) lo set the peak segment current !
(Refer to “Selecting Rser Resistor section). i
19 V+ Supply Voltage !
L 24 DOUT Serial Data Qutput. The data into DIN is valid at DOUT 16.5 clock cycles later. !

6LCLXVIN
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Serially Interfaced, 8-Digit LED Display Driver

Block Diagram

LOAD

Je 3

DIGIT DRIVERS 8
— 1
.8
" co'gea —+{ SHUTOOWN REGISTER
SEGMENT R | ROMWITH F=  MODE REGISTER INTENSITY
CURRENT BYPASS PULSE
REFERENCE -~ INTENSITY REGISTER |—=  wiDTH
8 h{ SCAN LIMIT REGISTER MODUL:
I 1 DISPLAY TEST REG, 1
DUAL PORT
MULTIPLEX!
SRAM L et
i b CIRUITRY
8 | ﬁa ADDRESS
REGISTER
DECOOER
L)

.._{ oo| m[ uz] ua] D4] osJ os] 07J oal os]o:qo;:[mz] 01%014[015] }_. oout

CLK

NV Tt NS

(LSB}

(MSB)

TABLE 1. SERIAL DATA FORMAT (16 BITS)

D15 | D14 D12 D11 ] D0 ]| D9 | D8 | b7 | D6 | D5 | Da | D2 ; 02 | 01 ! DO |
+ 1
X X X ADDRESS Ms8 DATA LSB !
X = “don’t care” bit
<a———— DATA PACKET N-1 16-81T DATA PACKET N U‘;,ﬂ»‘«scxgg-‘ —
\, W (BT1SMSB) ¢+ BIT14THRU +  BITO(LSB)
K] SR J—
Gk 7 L 7 X 7 oA S L
mo—*;— S - 1ton !
: <
wo | N ™
f-toces tow ' , -
e~ DS ' i
o B o LN ALD DA : K vaupoata, DRI vaupoata
A PACKETN. N ‘ DATA PACKET No TATA PACKET NoT,
. BIT15 Bﬂ 1 t ! 8iT15 8IT 14
- 10P0 —am : !
oouT @ :IALIDDAM VALID DATA, 1’ ‘ VALDDATA XY ;IALIDDATA.
BT 15 i 815 BIT 14

Figure 1. Timing Diagram
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Serially Interfaced, 8-Digit LED Display Driver

Detailed Description
Serial Addressing Modes

Serial data at DIN, sent in 16-bit packets, is shifted into
the internal 16-bit shift register with each rising edge of
CLK. The data is then latched into either the digit or
control registers on the rising edge of LOAD. LOAD 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 is 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 labeled DO-D15 (Table 1). D8-D11 contain the reg-
ister address, D0O-D7 contain the data, and D12-D15 are
‘don't care” bits. The first bit received is D15, the most
significant bit (MSB).

Digit and Controf 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 sc that
individual digits can be updated and retain data as long
as V+ typically exceeds 2V. The controi registers consist
of: decode mode, display intensity, scani{imit (number of
scanned digits), shutdown, and display test (all LEDs on)
A no-operation (no-op) register is also included, which
allows data to be passed from DIN to DOUT when de-
vices are cascaded without changing the display or
affecting any control registers.

Shutdown Maode

When the MAX7218 is in shutdown mode, the scan
oscillator is halted, all segment current sources are pulied
to ground, and all digit drivers are pulled 1o V+, thereby
blanking the display. Data in the digit and control regis-
ters remains unaltered. Shutdown can be used to save
power or as an alarm to flash the display by successively
entering and leaving the shutdown mode. For minimum
supply current in shutdown mode, logic inputs shouid be
at ground or V+ (CMOS logic levels).

Typically, it takes less than 250us for the MAX7219 to
leave shutdown mode. Note that the display driver can
stili be programmed while in shutdown mode, and that
shutdown mode can be overridden by the display-test
function.

Table 3. Register Address Map

6ICLXVIN

ADDRESS HEX
REGISTER Di5-D12 D11_ D10 D9 ps CODE
NO-OP X 00 0 o X0
DIGITO X 0 0 o 1 X1
DIGIT 1 X 00 1 0 X2
DIGIT 2 X 00 1 1 X3
DIGIT3 X 0 1 00 X4
DIGIT 4 X .0 1 0 1 X5
DIGITS X 0 1 1 0 X6
DIGIT 6 X 0 1 1 1 X7
DIGITY X 0 0 0 o© X8
DECODEMODE X 1 00 1 X9
INTENSITY X 1 0 1 0 XA
SCAN LIMIT X 1 0 1 1 xB
SHUTDOWN X 1 i ) XC
DISPLAY TEST X 1 1 1 1 XF

Table 3. Shutdown Register Format
(Address (Hex) = XC)

ADDR CODE REGISTER DATA
(HEX) b7 p6 DS D4 D3 D2 D1 DO
SHUTDOWN
MODE XC X X X X X X X0
NORMAL
OPERATION XC X X X X X X X 1

Initial Power-Up

On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219 enters shutdown
mode. Therefore the user must progiam the display
driver prior to display use since it will initially be set to
scanone digit, it will not decode data in the data registers,
and the intensity register will be set to 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
selects code B decoding while a logic low bypasses the
decoder. Examples of the decode mode control-register
format are shown in Table 4.

10]



;SUB PROGRAM SHIFT_T

KEERRRRRRERRRRRRR AR kA LAK
H

SHIFT_T:
MOV R2#8
MOV A,DPH
CLRCY
CLR CLOCK_T
CLR LOAD_T
SHIFT_T1:
RLC A
MOV DATA_T,C
SETB CLOCK_T
CLR CLOCK_T
DJNZ R2,SHIFT_T1
MOV R2#8
MOV A,DPL
CLR CY
SHIFT_T2:
RLC A
MOV DATA_T,C
SETB CLOCK_T
CLR CLOCK_T
DJNZ R2,SHIFT_T2
SETB LOAD_T
CLR LOAD_T
RET

—
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Serially Interfaced, 8-Digit LED Display Driver

Table 4. Decode-Mode Register Examples (Address (Hex) = X9)

, REGISTER DATA
) D7 D6 D5 D4 D3 D2 D1 DO (HEXCODE)
NO DECODE FOR DIGITS 7-0 .0 0 0 0 0 00
SR SECosETon AT o o o o o o 1 o
SR 0secDE Fonaers o0 o o o o v 1 i i«
CODE B DECODE FOR DIGITS 7-0 1 1 1 1 1 1 1 1 FF
Table 5. Code B Font
7-SEGMENT REGISTER DATA ON SEGMENTS = 1
CHARACTER pD7* D6-D4 D3 D2 D1 DO p A B C D E F G
0 X o 6 0 0 1 1 1 1 1 1 0
1 X el T AL 1 0 7 1 06 0 0 0
2 X 0 o’ 1 0 1 1 0 1 1 o] 1
3 X 0 o /% 1 1 1 1 1 0 0 1
q X SN e 0 0 1 1 ' 0 a1y
5 X 0 0 1 1 0 1 1 0 1 !
6 X 0 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 o0 0
8 X 1 ¢ 0 0 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
- X 1 0 1 0 0 0 0 o0 0 0 1
3 5 b4 3 0 1 1 1 ) 0 1 1 1 1
H X 1 : 0 0 0 1 1 0 1 1 1
L X NS 0 1 0 0 0 1 1 1 0,
P X 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 0 0 0 o0 0 o0 0 |

* The decimal point is set by bit D7 = 1

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-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decoder and is positive logic (D7=1 turns the decimal
point on). The code-B font is listed in Table 5.

intensity Control and
Interdigit Blanking

The MAX7219 allows the display brightness to be con-
trolled with an external resistor (RSET) connected be-
tween V+ and ISET, and digitally using the intensity
register. The peak current sourced from the segment
drivers will nominally be 100 times the current entering
ISET. This resistor can either be fixed, or variable to allow

brightness adjustment from the front panel. its minimum
value should be 9.53k€2, which typically sets the segment
current at 37mA.

Digital control of segment current is provided by an
internal pulse-width modulated DAC, which is loaded
from the lower nibble of the intensity register. The DAC
scales the average segment current in 16 steps from a
maximum of 31/32, down to 1/32 of the peak current set
by RseT. The intensity register format is listed in Table 6.
Maximum brightness occurs with a duty cycle of 31/32
because the interdigit blanking time is set to 1/32 of a
cycle. Interdigit blanking time can be increased by de-
creasing the duty cycle. )



MAX7219
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Abplications Information
Supply Bypassing and Wiring

To minimize power-supply ripple due to the peak digit
driver currents, connect a 10uF electrolytic and a 0.1uF
ceramic capacitor between V+ and GND as close to the
device as possible. The MAX7219 should be placed in
close proximity to the LED display, and connections
should be kept as short as possible to minimize the
effects of wiring inductance and electromagnetic inter-
ference. 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 1C. The
MAX7219's maximum allowable segment cutrent is
40mA. For an LED forward voltage drop of 2.5V, RsgT
must be greater than 9.53k. For segment current levels
above the MAX7219 limits, external drivers will be
needed. In this application, the MAX7219 serves as only
a controller for other high-current drivers or transistors.
Therefore, to conserve power in the MAX7219. use
RSET = 47k when using external current sources as seg-
ment drivers.

The example in Figure 2 uses the MAX7219's segment
drivers, a MAX333 single-pole double-throw analog
switch, and external transistors to drive 4.0"
AND4107SCL common-cathode dispiays. 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, while for ali other segments the LED
forward voltage is typically 8V. Note that since external
transistors are used to sink current (DIG 0 and DIG 1 are
used as logic switches), peak segment currents of 40mA
are aliowed even though only two digits are displayed.
In applications where the MAX7219's digit drivers are
used to sink current and fewer than four digits are dis-
played, see Table 8 which specifies the maximum allow-

Table 10. RSET vs.'Segment Current and LED
Forward Voltage

Vieo (V)
(',5;53 15 2 25 3 3s
40 1.3 104 9.8 89 7.8
30 63 15 14 129 114
20 262 246 228 209 186 .
10 60.1 56 517-"" a7 419

able segment current. RSET must be selected accord-
ingly (see Table 10). .

Refer to the "Power Dissipation® section to calculate
acceptable limits fot ambient temperature, segment cur-
rent, and the LED forward-voltage drop.

Table 11. Package Thermal Resistance Data

PACKAGE THERMAIz eFjﬁ)SlS'nmce
24 Narrow DIP +75°C/W
24 Wide SO +85°C/W
24 CERDIP +60°CW

Maximum Junction Temperature (Ty) = +150°C

Ll

Maximum Ambient Temperature (Ta) = +85°C

Computing Power Dissipation

The upper limit for power dissipation (PD) for the
MAX7219 is determined from the following equation:

PD = (V+ x 8mA) + (V+ - VLED)DUTY x ISEG x N)
where:

V+ = Supply Voltage

DUTY = Duty Cycle set by intensity register

N = number of segments driven (worst case is 8)

VLED = LED forward voltage

ISEG = Segment Current set by RSET
Dissipation Example:

ISEG = 40mA, N = 8, DUTY = 31/32, VIED = 1.8V at
40mA, V+ = 525V

PD = 5.25V(BmA) + (5.25V - 1.8V)(31/32 x 40mA x 8)
= 111w

Thus, for a CERDIP package (8JA = +60C"/W), the max-
imum aliowed ambient temperature TA is given by:

Tymax = Ta + PD x 6A
+150°C = TA + 1.11W x +60°CW
Ta = +83.4°C
Cascading Drivers

The example in Figure 3 drives 16 digits using a 3-wire
P interface. if the number of digits is not-a multiple of 8,
set both drivers’ scan-limit registers to the same number
so one display will not appear brighter than the other. For
example, if 12 digits are needed, use 6 digits per display
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ANDA107SCL ANDA1OTSCL
: ANODE 0P i ANODE DP
o] ANODEA o] ANODEA
. 5] ANODEF o] ANODEF
: w0 ANODEB 30| (NoDEB
7] ANODEG < | ANODEG
ANODEC ANODE C
1NS5248 i e ¥ : TR
sevex Y ANODED CATHODE - ANODED CATHODE
8 L 8
2
27] SE60
20 SE6€
pry 2
16] %06 _pqaxian 4
5] 5568 pmaxz21g 19
SEGF Vobm—o—o . N
1 seon : )
21 seg o j 9‘53,-._,* -
4 18 A 16} s —
GND Iser Y
P GND E NC1
AE NC2 com ————{[:J
DATAIN s f oo |- k WA RS2
1" 10
LOAD »————1 (0aD 0iG1 7| CoMz [—
CLOCK »——— CLK g | NO1
NOZ
5
v [ e

Figure 2. MAX72 19 Driving 4 Inch Displays
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Serially Interfaced, 8-Digit LED Display Driver

with both scan-limit registers set for 6 digits so that both
displays have a 1/6 duty cycle per digit. if 11 digits are
needed, set both scan-limit registers for 6 digits and
leave one digit driver unconnected. If one display is set

for 6 digits and the other for 5 digits, the second display
will appear brighter because its duty 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 information.

38898680

i

oo -

8 & f77; 8
|
DATA IN DiN oout F— 72 OiN pouT
I~ DIGO SEGD b~ —{ DIGO SeG D
—] DiG 4 sEG 0P -4 r—1 DIG ¢ SEG 0P |—1
GND SEGE |- 3% GND SEGE v
F— 0166 SEGC [~ +— DIG6 SE6.C i
] o6 2 —- — DIG2 v
- DIG3 557 [ A L 1063 51 »——’\N\/j
-1 oig 7 SEGG{—y 9%m - {—{ 067 SEGG — 953
GND SEGB [~ ¢ GND SEG B F—
= t—{ 0Gs SEGF [ = }— DG5S =
— DIG1 SEGAf-—MaAXIM L4 DIGT SEG A f—  Atadan
LOAD cik]~ MAX72i8 [~ 1040 ckb—  MAX7219
:
LOAD DATA Y = ex WO J
CLOCK - A ~

Figure 3. Cascading MAX7218s to drive 16 7-segment LED digus

Chip/'[opography

- /
DIGO DOUT SEG DP

DIG1 CLK SEGF

0.103"

2616 mm) >
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ROTARY ENCODER (Incremental)

EGC c

thica} Incremental Encoder with Zero

ndex Function

 Measures only 50 mm in diameter, offers

resolution as high as 1,024
revolution

M Dripproof, oilproof oil-sealed construction

(conforming to IP62)

| Rl»gld construction: shaft loading of 4 kg

(radlal) and 3 kg (axial)

i Zero- index function indispensable to

industrial machinery added
reference pulse signal

Drdering Information.

pulses/

lo output a

f e -V [ SV
Cable Resolution Output pre- g 510 12 VDC
outlet (pulse/revolution) (ngse)

b

LW
E{wvl

Back | 100, 200, 300, 360.

400, 500, 600, 720,
800, 1000, 1024
Sude

10, 20, 30, 40, 50, 60,

E6C-CWZ3E

A, B {reversible)
and Z (zcro)
E6C-CWZ3E-F

et ey AN A . O

specifications

Vollage oulpul

Supply voltage ) T

“12 1024 VDC
Open collector output

' E6G-CWZ5C

E6C-CWZ5C F

Mode!

EGC CWZB( H

L)
Dperating voltage

5 VDC 5% to 12 VDC +10%. perm:ssmlc -

Current consumption

tipple (D p): 5% max.
50 mA max.

Output capacity
i

Output resistance: 2 kf)
(Residual voltage: 0.4 V max.
Sink current; 20 mA max.)

Maximurh response frequency

30 ktiz,

Phase difference of output

901 45between A and 8

E g
Rise and falt times of koutput

1.0 us max. (at sink éurrenl of 10 mA max, with

2 m cable)

Starting lorque 100 g-cm max.
Moment inertia | B 10 g-cm max. .
shatt lodding |20l [4kg.
Axial 3 kg

Slewing speed T ['s000 him
Amblent}‘operatlng temperature -10"10 55°C
Degree of protection IEC IPsaF
Vlbratlori 10 to b.; Hz, 1.5 nun double amphtude in X, Y, and Z direchions lur-2
Shock : N ~ T 50 G n X, Y, anud 7 ditections 3 times each
e PN Y- PR TI '

3

i

]

i

fipple (p-p): 5% max.

"E6C-CWZ5'

12 VDC -10% 10 24 VOC + 15%,,

pesrisseble:

Apph(d voltaqn 30 VDC max

Sink current: 80 mA max.

Residual vo'tage: 1 V max. (at 80 mA sink
current)

0.4 V max. (at 20 mA sink current)

1.0 us max. (at supply vollage ot  V and load
resistance of 1 ki with 2 m cabte)

2 hours each
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Output Stage Circuit Diagram
Voltage output type
(E6C-CWZ3E)

I

Open collector output type
(E6C-CWZSC)

[

1010 23 vDC

> Outout (Max 80 mA 30 VDC)
White Qutput A,
Green Output B, Yellow Qutput Zero

. 3 - — _
; [ T R e : — S
4 q; 2.l . ¥
Main ] Outout \amn
Ut sircurt
' creut —_( White Output A, Green
Sutput B, Yeilow Qutput Zero [
H - l ov ov
Nack H | Blach
[ . ! ‘
! .
¥
Q——GND iP*GND
N Seld Shield

Timing chart .
Voltage output type

(E6C-CWZ3E)

cw

i
A I S
; !

Direction of revolutron CW
b (Clockwise as viewed from ine s~:=)

Oéen collector output type
(EEGC-CWZSC)

J Output A
;-
Output B

Qutput 2

s — cw
OFF 5507 ]
ON _-L—-r__l-—j ]-—

OFF e
Output B oN i I l

k ——— 12721 37 {907 =45%)

OFF

on A\ )

birection of revolution: Cv
(Clockwise as viewed rom the sha=

Qutput A

Qutput Z

Note:

ccw

Output A

é

Output B

Qutput Z

L
Direction of revolution: CCW

{Counterclockwise as viewed from the shaft

ccw
T

!“3‘60?‘?

ON .
et 2Tzi8T

OFF , 90° = 45°)
W SRERIEHD |

OFF

w S B

Direction of revolution: CCW
(Counterclockwise as viewed trom the snaht)

QFF —

Qutput A

QOutput B8

Qutput Z

1. The shield of the shielded cac e is connected neither internally nor to the housing. -
2. Phase output signals A, B, anc Zero all have the same circuit.

3. The voltage output type is alsc capable of sinking a maximum of 20 mA (V.. = 0.4 V)

4. Normally connect the ground terminal (GND) to 0 V or to the  earth ground.

Dimensions.

3
Weight: approx. 400 g
]

Three M4 holes
Oepth: 8

50 dia.

274

-»>
25 dia.2J e : ;
6 dia. o012 "" . /

- ey e —— .-

 Zeeicoot . v B =)

-
—154 5 60 14 max. *
! L — 94 max, — -

* Qutput cable (shieided)

0.0.3 5 dia. 5/7/0.16 dia.
Standard length: 2 m



£6C-C ¢ OMRON £€6C-C

ZOUP“ndr E69-C06B (included) E69-FCA FLANGE (Order scparately)
i i
b 22 - - K2 sqQuae -
—de 1= § Sem—  HEaMG0N QXret Nen Frae M3 e 3015 o foonas sanees
. 1 28 srtsCrow W3 « & i . 3
SY T e 2 (4 paces) ‘r i ! ? Gt x F S
.y — i ) 282 da e
T ©
D1—6 cma 15 aa @
_T | 43:015 e T
—_—
3 1
it © o
dole:  r \__ ! t=32
Mateng!: Glass-filled polyacetal res:n (GC-25
. The cdupling may be used it a center orsel tetween the Matenal: SPCC

encoder shaft and mating shaft is 0.5 mm or 2ss.
Each $etscrew must be tightened to 2.5 xg-cr- torcJe.
Heat rgsistsviry- 100°C

'

ALL DIMENSIONS SHOWN ARE INMILLUIMETERS.
To convert millimeters into inches muitiply by 0.03937. To convert grams into ounces muitiply by 0.03527.

. No. Q14-E1-3

275
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Vee

Vee

7 Segment Common Cathode x 8
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