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COIN CLASSIFIER
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Education Year 2001

Abstract

This project is called "coin classifier”. " The coin classifier "can serve as convenient
device. This device can be display amount of each type of coin separately (1,5,10 bath) ,
including the amount total . The device consists of an automatic controller to evaluate mixed
coins. For this purpose ,the counting unit is controlled by microcontroller. The aim of this project

is to develop a device which automatically classifies coins, and counts the total amount of money.
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A1519N3.1 1eAg Specification YBINI TN 2SC1815 LAaTBD139
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4 34 160 160 0
5 29 160 160 0
6 27 160 160 0
7 30 160 160 0
8 41 160 160 0
9 35 160 157 1.875
10 28 160 160 0
11 36 160 160 0
12 24 160 160 0
13 28 160 160 0
14 31 160 159 0.625
15 23 160 160 0
16 26 160 160 0
17 28 160 160 0
18 31 160 155 3.125
19 26 160 160 0
20 29 160 160 0
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14 24 30 29 3.333
15 29 30 30 0
16 37 30 28 6.667
17 32 30 30 0
18 35 30 30 0
19 28 30 30 0
20 27 30 30 0
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16 26 150 145 333
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19 28 150 150 0
20 28 150 150 0




27

o 2 P o g v e 9
MINN 5.4 u’dmNamimammmww‘wmﬂmﬂmmmznmimﬂﬂumiuumiUinmﬂ%

£
= @ a @ =) < a
mwaﬂumsu‘umwwmsuaj 10 UINNIYUA 30 I8ty SV UIEY 300 LN

Y
[

fmuasei | narfld Gui) ANUAANAIA
fwondu | Swouluity | WesiFudia
59U 18 WA
1 48 300 300 0
2 27 300 300 0
3 30 300 300 0
4 30 300 300 0
S5 25 300 300 0
6 372 300 300 0
7 28 300 300 0
8 29 300 300 0
9 >8 300 300 0
10 238 300 300 0
11 30 300 300 0
12 45 300 300 0
13 28 300 300 0
14 25 300 300 0
15 34 300 300 0
16 46 300 300 0
17 25 300 300 0
18 32 300 300 0
19 32 300 300 0
20 36 300 300 0




gz = v o o v -:4' = Y ' ' v o v ¢ v Y
whansiduenasianulidmsunsiinuienisinwiiiu loygielihluldusslosisuns

Lidnsalla My Bnnanudlvisaudadiien uagsesinddsdiveenarsynasandnisthluly



MXDAT
MXLDB
MXCLK
ST_TS
RR1

RR5
RR10
DIG1
DIG2
DIG3
DIG4
DIG5
DIG6
DIG1_1
DIG2_1
DIG3_1
DIG4_1
DIG5_1
DIG6_1
DIG1_5
DIG2_5
DIG3_5
DIG4_5
DIG5_5
DIG6_5
DIG1_10
DIG2_10
DIG3_10
DIG4_10
DIG5_10
DIG6_10
DIG1_A
DIG2_A
DIG3_A
DIG4_A

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

P1.0
P11

P1.2
P1.3
P2.0
P2.1

p2.2
30H
31H
32H
33H
34H
35H
36H
37H
38H
39H
3AH
3BH
3CH
3DH
3EH
3FH
40H
41H
42H
43H
44H
45H
46H
47H
48H

49H

4AH

4BH



DIG5_A EQU 4CH
DIG6_A EQU 4DH
DATABUF  EQU  4EH
LOOP1 EQU  4FH
LOOP2  EQU 50H

;***********START PROG RAM******

ORG 0000H
START: CLR  MXCLK
CLR MXLDB
CALL MXSET
CLR ST_TS
MOV A #HOOH
MOV DIG1,A
MOV DIG2,A
MOV DIG3.A
MOV DIG4.A
MOV DIG5 A
MOV DIG6.A
MOV DIG1_1A
MOV DIG2_1.A
MOV DIG3_1A
MOV DIG4_1A
MOV DIG5_1,A
MOV DIG6_1A
MOV DIG1_5A
MOV DIG2_5A
MOV DIG3_5A
MOV DIG4_5A
MOV DIG5_5A
MOV DIG6_5.A
MOV DIG1_10,A
MOV DIG2_10,A

MOV DIG3_10,A



MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

DIG4_10,A
DIG5_10A
DIG6_10.A
DIG1_AA
DIG2_A A
DIG3_AA
DIG4_AA
DIG5_A A
DIG6_AA
DATABUF #01

;**********MAl N PROGRAM********

MAIN: CALL MXLOAD
CALL ADDRRR
CALL SCANKEY
MOV A,DATABUF
CJINE A#01H MAIN1
AJMP DISSS1
MAINT: CJNE A #02H,MAINZ
AJMP DISSS2
MAIN2 CJINE A #03H,MAIN3
AJMP DISSS3
MAIN3: CJINE A #04H MAIN4
AJMP DISSS4
MAIN4: AJMP START
e B 1ToKS s
DISSS1: MOV DIG1,DIG1_A
MOV DIG2,DIG2_A
MOV DIG3,DIG3_A
MOV DIG4,DIG4_A
MOV DIG5,DIG5_A
MOV DIG6,DIG6_A



AJMP  MAIN
DISSS2: MOV
MOV
MOV
MOV
MOV
MOV
AJMP
DISSS3: MOV
MOV
MOV
MOV
MOV
MOV
AJMP  MAIN
DISSS4: MOV
MOV
MOV
MOV
MOV
MOV
AJMP  MAIN

DIG1,DIG1_1
DIG2,DIG2_1
DIG3,DIG3_1
DIG4,DIG4_1
DIG5,DIG5_1
DIG6,DIG6_1
MAIN

DIG1,DIG1_5
DIG2,DIG2_5
DIG3,DIG3_5
DIG4,DIG4_5
DIG5,DIG5_5
DIG6,DIG6_5

DIG1,DIG1_10
DIG2,DIG2_10
DIG3,DIG3_10
DIG4,DIG4_10
DIG5,DIG5_10
DIG6,DIG6_10

% *kkKk o e e ek e I Kk ok ok Sk
’******** ADDRRR

ADDRRR: JB
JB

JB

DJNZ

DJINZ

CLR ST_TS
RRRR: RET
RR13_1:
RR11:

MOV

RR1,RR11
RR5,RR12
RR10,RR13_1
LOOP1,RRRR
LOOP2,RRRR

AJMP RR13

RR1,$
LOOP1,#00H



MOV
MOV
INC
MOV
CJNE
MoV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
RR111:
RET

RR12: JB

LOOP2,#80H
ADIG1_1

A

DIG1_1,A

A #0AH,RR111
DIG1_1,#00H
ADIG2_1

A

DIG2_1,A
A#0AH,RR111
DIG2_1,#00H
A,DIG3_1

A

DIG3_1,A
A#OAH,RR111
DIG3_1,#00H
ADIG4_1

A

DIG4_1,A
A#0AH,RR111
DIG4_1,#00H
A,DIG5_1

A

DIG5.1,A
A#O0AH,RR111
DIG5_1,#00H
ADIG6_1

A

DIG6_1,A
A#OAH,RR111
DIG6_1,#00H
ACALL ADDALL

RR5,$



MOV |
MOV
MOV
ADD
MOV
CJNE
MOV
MOV
INC
MOV
CJINE
MOV
MOV
INC
MOV
CJINE
MOV
MOV
INC
MOV
CJINE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJINE
MOV
RR121: ACALL
RET

LOOP1 #00H
LOOP2 #80H
ADIG1.5
A#05H
DIG1_5A

A #0AH,RR 121
DIG1_5,#00H
A,DIG2_5

A

DIG2_5A

A #0AH,RR121
DIG2_5#00H
A,DIG3.5

A

DIG3_5A

A #0AH RR121
DIG3_5,#00H
A,DIG4.5

A

DIG4_5A

A #0AH,RR121
DIG4_5#00H
A,DIG5_5

A

DIG5_5A
A,#0AH,RR121
DIG5_5,#00H
A,DIG6_5

A

DIG6_5A

A #0AH,RR121
DIG6_5,#00H
ADDALL



RR13: JB
MOV
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
MOV
INC
MOV
CJNE
MOV
RR131: ACALL
RET

RR10,$
LOOP1 #00H
LOOP2 #80H
A,DIG2_10

A

DIG2_10A

A #0AH,RR131
DIG2_10,#00H
A,DIG3_10

A

DIG3_10,A

A, #0AH,RR131
DIG3_10,#00H
A,DIG4_10

A

DIG4_10A

A #0AH,RR131
DIG4_10,#00H
A,DIG5_10

A

DIG5_10,A

A, #0AH,RR131
DIG5_10,#00H
A,DIG6_10

A

DIG6_10,A

A, #0AHRR131
DIG6_10,#00H
ADDALL

;***********ADDALL*LOOP********

ADDALL: MOV
ADD

A,DIG1_1
ADIG1_5



ADD

ACALL H_TO_D
MOV

MOV

ADD

ADD

ADD

ACALL H_TO_D
MOV

MOV

ADD

ADD

ADD

ACALL H_TO_D
MOV

MOV

ADD

ADD

ADD

ACALL H_TO_D
MOV

MOV

ADD

ADD

ADD

ACALL H_TO_D
MOV

MOV

ADD

ADD

ADD

ACALL H_TO_D
MOV

RET

A,DIG1_10

DIG1_A,R6
ADIG2_1
AR7
ADIG2_5
A,DIG2_10

DIG2_A,R6
A,DIG3_1
AR7
ADIG3_5
A,DIG3_10

DIG3_A,R6
A,DIG4_1
AR7
A,DIG4.5
A,DIG4_10

DIG4_AR6
A,DIG5_1
AR7
A,DIG5 _5
A,DIG5_10

DIG5_AR6
A,DIG6_1
AR7
A,DIG6_5
A,DIG6_10

DIG6_AR6



H_TO_D: MOV
ANEL
DA

MOV
ANL
MOV
MOV
ANL
MOV
MOV
ANL
ADD
SWAP
MOV
RET

B.A
A#OFH
A
R7.A
A#OFH
R6.A
AB
A #0FOH

B.A
AR7
A,#0FOH
A.B
A
R7.A

5 Kk k % KKK KKK K
’********* SCANKEY

)

SCANKEY: MOV = RO,#00H

MOV

MOV

MOV
LOOPKEY: INC
JNB

INC

JNB

INC

JNB

INC

JNB

RL

MOV
DJNZ

RET

END: MOV

R1,#04H
A#11101111B
P3.A
RO
P3.3,END
RO
P3.2,END
RO
P3.1,END
RO
P3.0,END
A
P3.A
R1,LOOPKEY

P3.A



JNB

JNB

JNB

JNB

END1: MOV |
CJUNE

AJMP
END2: CIJNE
AIMP
END3: CJNE
AJMP
END4: CIJNE
AIMP
ENDS: CINE
SETB

MOV

MOV

AIMP
END6: CINE
EEE: MOV
MOV

CALL

END7: RET

P3.3,END
P3.2,END
P3.1,END
P3.0,END
ARO

A #01H,END2
EEE

A #02H,END3
EEE

A #03H,END4

EEE

A #04H,ENDS

EEE

A #05H,END6
ST_TS
LOOP1,#00H
LOOP2 #80H
END7

A #06H,END7
DATABUF,RO
P3,#0FFH
DELAY

;***********MXSET SUB***********
:FIRST PARAMETER SET (MAX7219)

MXSET: CLR MXCLK ;FALLING CLOCK EDGE

CLR MXLDB

MOV RO,#0FH ;DISPLAY TEST-MORMAL (XXXXXXX0)
MOV R1,#00H

CALL MXBYTE

MOV R0,#0CH ;SHUTDOWN-NORNAL (XXXXXXX1)



MOV R1,#01H

CALL MXBYTE

MOV RO,#09H ;:DECODE MODE-NO DECODE(00000000)
MOV R1,#0FFH

CALL MXBYTE

MOV RO,#0AH ;INTENSITY-MIN-MAX(00-0FH)
MOV R1,#08H

CALL MXBYTE

MOV RO,#0BH ;SCAN LIMIT-6DIGIT(05H)
MOV R1,#05H

CALL MXBYTE

RET

;***********MXLOAD SUB***********
:LOAD DISBUF TO DISPLAY(MAC7219)

MXLOAD:MOV RO,#1 ;SEND O

MOV R1,DIG1
CALL MXBYTE
MOV RO,#2 ;SEND 1
MOV R1,DIG2
CALL MXBYTE
MOV RO,#3 ;SEND 2
MOV R1,DIG3
CALL MXBYTE
MOV RO,#4 ;SEND 3
MOV R1,DIG4
CALL MXBYTE
MOV RO,#5 SEND 4
MOV R1,DIG5
CALL MXBYTE

MOV RO#6 ;SEND 5



MOV |
CALL
RET

1

R1,DIG6
MXBYTE

;***********MXBYTE SU B***********

:SEND ADDRESS,DATA TO MAX7219

:IN = RO ADDRESS (B0-B3)

=R1 DATA

MXBYTE: MOV
MOV
MXBYTE1: RLC
MOV

SETB

CLR

DJNZ

MOV

MOV
MXBYTE2: RLC
MOV

SETB

CLR

DJINZ

R2,#8 ;SEND ADDRESS
A,RO

A

MXDAT.C

MXCLK

MXCLK

R2,MXBYTE1

R2,#8 ;SEND DATA
AR1

A

MXDAT.C

MXCLK

MXCLK
R2,MXBYTE2

SETB MXLDB ;LOADBIT

CLR
RET

MXLDB

kKRR KKK K KK Fodkkk KKK KKK
S DELAY

DELAY: MOV
DELAY1: MOV
NOP

DJNZ

R7,#00H
R6,#00H

R6,$



NOP
DUNZ R7.DELAY1
RET

END
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19-4452; Rev 1. 5/92

Serially Interfaced, 8-Digit LED Display Driver

General Description

The MAX7219is a compact, serial input/output common-
cathode display driver that interfaces microprocessors
(nPs)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 set 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-
decode for each digit.

The MAX7219 includes a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-limit
register which allows the user to display from 1 to 8 digits,
and a test mode which forces all LEDs on.

Applications

Bar-Graph Displays

7-Segment Displays
Industrial Controllers
Panel Meters

LED Matrix Displays

Pin Configuration

V4V D . 4V44

Features

4 10MHz Serial Interface

4 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

4 24-Pin DIP and SO Packages

¢ Drives Common-Cathode LED Display

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX7219CNG 0'Ci0+70°C 22 Narrow Plastic DIP
MAX7219CWG 0°C:o-70'C 24 ¥hade SO
MAX7219C/D 0'Ci0-70C Drce’ N
MAX7219ENG  -40'C:0 -85'C 24 Narrow Plastic DIP
MAX7219EWG  -40°C 20 -85°C 24'4de SO
MAX7219ERG ~ -40°Ci0 +85°C 2& Narrow CERDIP

* Contact factory for dice specificzics.

Typical Application Circuit

o 88688888
- v LB .
on 7] 24 pout 39 i
oi6o [2] 23] seGo ; i
—_—,
064 [3] Aadams |22 segop Y 4E '
P Y- i
oo [4] MAX7219 21] st€ 953« : : |
2 RIS 65 i
s NG SERIAL ? / 57 5 CKITS
062 [ [19] v+ DATACUT “arasam |
< MAX7215
063 [7] 18] 1SET LOAD 0UT e L-’J—'-.':’ e G
DiG7 SEGG e
e} 7] CLOCK OUT P J::EG;D:; +
B [5] 16) SEG8 sl 7 2 SEGMENTS
(SR I
DIG5 E ,:5] SEGF !
DIG 1 [11] 14] SEGA .’ 5
104D 12] i3] cux T
DIP/SO 8-DIGITuPDISPLAY
SN AXNI A1 Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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MAX7219

Serially Interfaced, 8-Digit LED Display Driver

ABSOLUTE MAXIMUM RATINGS

VieVoltage: e el e e T s TR e v AN, Operating Temperature Ra~gas

DIGO-DIG7 Sink Current .. .................... . 500mA MAX7219C _G ...... GCtio+70C

SEG A-G, DP Source Current . .. S el 5.9 50 MAX7219E _ G P e -40°Ct0+85C

Input Voltage (any pin) .. .......... . .V++0.3Vto-0.3V Storage Temperature Ra~gz . .. 65 Cto +160C
Lead Temperature {scidesi~g 10s2C) .. ... ....... +300C

Continuous Power Dissipation (Ta = +85°C)

Narrow Plastic DIP- ... i iisn v ies oo, o T S OB
Wide:SOF wt e fo o el e T g e 0.76W
CERDIP 2y e v 1.1W

Stresses beyond those listed under "Absolute Maximum Ralings' may cause permanent damage io e cerc2
operation of the device al Ihese or any other conditions beyond those indicated n the operational secicrs &t
absolute maximum rating conditions for extended periods may allect device rehabihty

ELECTRICAL CHARACTERISTICS

(V+ =5V £10%, RSET = 9.53kQ £1%, Ta = TMiN t0 TMAX. unless otherwise noted.)

Note 1: Guaranteed by design.

2

PARAMETER SYMBOL CONDITIONS MIN TYP MAX “UNITS
Operating Supply Voltage V+ 2z 6.0 v
Shutdown Supply Current o sDrl\tlt'goLﬁnarggég?EeTtg g%’:;v:?i'c = e 5 Bl
RseT = inhnity 8 mA
Operating Supply Current lop All segments and decimal points on 330 S
ISEGO = -40mA S, L Ul
Disclay Scan Rate fosc V+ = 5V, 8 digits scanned P 1300 2BCE | Hz
Digit Drive Sink Current [lo]le]] TAa = +25°C. V+ =5V, Vout = 065V mA
Segment Drive Current Source ISEGO | TA=+25'C.V+ =5V. Voyt =V+ - ¥V By -37 -40 mA
Segment Drive Current Matching Y 30 AL %
Digit Drive Source Current IDiGo Digit off. Vout = V+ - 0.3V z i mA
Segment Drive Current Sink 1SEGH Segment cif, Vout = 0.3V  J | mA |
LOGIC INPUTS =
DIN, CLK and LOAD I
Input Current ) ViN = OV 1 pA
Vin = V+ )
Logic 1 Input Voltage Vi Sec Vi
| Logic 0 Input Veitage ViL 0.8 \
Hysteresis Voitage DIN. CLX. and LOAD i0 SRV ]
DOUT
Output High Voltage VOH lout = -1mA, =" G v
lout -1pA V+
Output Low Voltage VoL DOUT. oyt = 1.6mA 04 "

{ Data-Hold Time DATAIN to Clock LioH Z 5 ns
Data-Seiup Time DATAIN To Clock iDs <3 Swlans
Clock-to-Serial Output Prop Delay lcPD CLOAD = 50pF 25 rs
Clock Low Time ICKL 5% ns
Clock High Time ICKH B TERSE
Data-tc-Segment Prop Delay {(Note 1) | tospo | CLoaD = SOcF S 225 ms
E?:]'c’!gﬂé%;ge Edge to Next Clock WDCK ____ = ns |
ggﬁg-t%#gad Rising Edge ICKLD - o
Load Low Time IWoL ns
Load High Time ILOH ns

MAXILMAN




Serially Interfaced, 8-Digit LED Display Driver

Typical Operating Characteristics

) SEGMENTDRIVER
SCANFREQUENCY vs. OUTPUT IMPEDANCE
SUPPLY VOLTAGE vs. SEGMENT CURRENT
1400 — 800 ; T
= > Az
- Ta=425'C // & e : 5
= 130 A S -
= 8 Vi = 2V |
;-' / 2 50 i
©11200i A 2
g 7 S o |y -
3 = . H
g o 2k i \
s 3 ) RN
118 !
= bof ; |
1100 1 100 : l
4 4, 55 6 G = 2 49
SUPPLY VOLTAGE (V) SESMINT TUESINT (mA)
Pin Description
PIN NAME | FUNCTION S B
1 DIN Serial Data Input. Datais loaded into an internal 16-bit sh-: r== s:2r on the rising edgeof CLK. _ |
12.3.5-8.10. 11 DIGO-7 8 digit drive lines that sink current from the display. : -
4,9 GND Ground (both GND pins must be connected)
12 LOAD Load Data Input. On LOAD's rising edge. the last 16 bits o s=ia' :nout data are latched.
13 CLK Clock Input. 10MHz maximum rate. On CLK's nising ecce. gzte s sh:fted into the internal shift
register. On CLK's falling edge, data is clocked out of DOU™
14-17, 20-23 | SEG A-G, DP. 7-segment drive and decimal point lines that source curran: *6 *ra display. 2]
18 ISET Connect to V+ through a resistor (RSgT) to set the peak segment current
Hea (Refer to *Selecting RseT Resistor” section). :
19 V+ Supply Voltage . s
| 24 DOUT Serial Data Output. The data into DIN is valid at DOUT 6.5 ciccx cycles later. |

MAXIM 3
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MAX7219

Serially Interfaced, 8-Digit LED Display Driver

Block Diagram

2AT15

BIT 14

)
19150 |
DIGIT DRIVERS 2
I = |
Ve J 3 —_— : :
j 7 CODER: =} =1 SHUTDGWN REGISTER —
5 Rser | poMwITH i et [ e
SEGMENT —=  MODEREIGISTER !
CURRENT BYPASS i L__& PoALLSE
REFERENCE = HTENSITY REGISTER F—  woH |
A P T T, i, Thol
[ SCAN LMIT REGISTER [ | 82 |
T DISPLAYTESTREG | |
1 N LT P (_X
- SCAN 7%
SRy
L0AD
4
o o1 02 o] o4 o8] = m,be] 55 G0 DIZ DI CIA515 | = 5o
1 T T I T 5 3 ﬁ“l“‘!‘r“l“j"‘ B
CLK : I_L ] e ] ]
(LS8) 'ase;
TABLE 1. SERIAL DATA FORMAT (16 BITS) |
D15 | D14 | @13 | on2’ ["Phet SR TXDO) | JERUOEIOILNNT (o op™ A1 “ards Da=i fof . oo
X x Tk X ADDRESS s AT L3
X = "don't care” bit
~—— DATAPACKET N-1 : 15-317 DATA PACKET § DALgrAgRein. il
7 BeT 15 1MS2;
F_,w,_, ! (BTISMSB) + 8T .JT':-vu 1 BITO{LSB) i
CLK /_j Ir— Br 7 \ i 7 R
e i L N\X L b= J& — Ao¥ :
e Icu——-f :
ICKLD — r'* ! i
LCAD /) /A{ ' i
}c—kccx—u <
ioH d
-r- lis ——> ’ :
ON T vacoaa ISR vaub oaTA ; ;
DAKA:W 1);: N. : DATABFI’;\C,X:UN ' ' DiTA P—C‘HN ]
00—t e it ) ; ars
— 2 - L A\l =
bout ! VALIC DATA. VALDDATA : VAU DATA,
[ie ey UL e R
] DATA PACKET N-1 ATAPACKET N-1 CATAZATKETH

A5

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, D0-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 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 long
as V+ typically exceeds 2V. The control registers consist
of: decode mode, display intensity, scan limit (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 Mode

When the MAX7219 is in shutdown mode. the scan
oscillator s halted, all segment current sources are pulled
to ground, and all digit drivers are pulled to 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, logicinputs should be
at ground or V+ (CMOS logic levels). g

Typically, it takes less than 250us for the MAX7219to leave
shutdown mode. Note that the display driver can still be
programmed while in shutdown mode, and that shutdown
mode can be overridden by the display-test function.

Table 2. Register Address Map

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 program the display
driver prior to display use since it will initiaily be set 0
scanone digit, it will not decode datain 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 digt. Each
bit in the register corresponds to one digit. A lcgic 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.

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

REGISTER DATA

D7 D6 D5 D4 D3 D2 DI DO (HEXCODE):
NO DECODE FOR DIGITS 7-0 0 0 0 0 0 0 0 00
CODE B DECODE FOR DIGIT 0 :
NO DECODE FOR DIGITS 7-1 g 0 0 0 y ol
CODE B DECODE FOR DIGITS 3-0
NO DECODE FOR DIGITS 7-4 0 0 0 0 ! ! ! ! OF
CODE B DECODE FOR DIGITS 7-0 1 1 1 1 1 1 1 1 EF

Maxim

e ADDRESS H !

D15-D12 D11_D10 D9 Dpg CODE !

NO-OP X (Vo T R o X0
DIGIT 0 X 00 =50 1 X1
DIGIT 1 X 0=0 1 0 X2
DIGIT 2 X e 1 3 X3
DIGIT 3 X 0 1 ;0 X4
DIGIT 4 X 0 1 0 1 X5
DIGIT 5 X 0 1 1 0 X6
DIGIT 6 X 0 1 1 1 X7
DIGIT 7 X ) 0r s X8
DECODE MODE X 1 % O : X9
INTENSITY X 1 0 ) XA
SCAN LIMIT X 1 0 1 1 X8
SHUTDOWN X 1 1 " e xC
DISPLAY TEST X 1 1 1 1 XF

Table 3. Shutdown Register Format
(Address (Hex) = XC)
ADDR CODE REGISTER DATA

(HEX) b7 D6 D5 D4 D3 D2 D1 DO

a”o%rEDOWN xC XXX X X X X 5
gpogal:_r!'.m XC i XAx KOx IxH x

6LCLXVIN



MAX7219

Serially Interfaced, 8-Digit LED Display Driver

Table 5. Code B Font

7-SEGMENT REGISTER DATA ON SEGMENTS = 1
CHARACTER D™ D&D4 D3 D2 D1 DO DR AL B DG DR PG
0 X 0 0 0 0 1 1 1 1 1 ] 0
1 X 0 0 0 1 0 1 1 0 0 0 0
2 X 0r 0 1 0 1 1 0 1 1 0 i
3 X 0ka0 1 1 1 1 1 1 0 0 1
4 X 0L Lol g 0 1 1 0. 0 1 =
5 X 0 1 c 1 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 i
7. X 0 1 1 1 1 1 1 0 0 0 0
8 X 1 0 0 0 1 1 1 1 1 1 e
9 X 1 0 0 1 1 1 1 1 0 1 ;
- X 1 0 1 0 0 0 0 0 0 0 sl
E X 1 == s 1 oo 1 1 1 i
H X 1 1 0 0 0 1 1 0 1 1 1o
L X 1 1 S 1 o7~~a¢l © 1 1 1 0 _J'
P X 1 1 1 0 1 1 0 0 1 i) 1
blank X 1 1 1 1 0 0 0 0 0 0 0
* The decimal point is set by bit D7 = 1
When the code B decode mode is used, the decoger Intensity Control and
looks only at the lower nibble of the data in the digit Interdigit Blanking

registers (U3-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.

When no-decode is selected, data bits D7-DO corre-
spond to the segment lines of the MAX7219. Table 6
shows the one-to-one pairing of each data bit to the
appropriate segment line.

Table 6. No-decode Mode Data Bits and Corresponding
Segment Lines
A

f
1]
= Df—‘
I [

(Em iz

STANDARD 7-SEGMENT LED

—.

D DFP
REGISTER DATA
D7 D6 D5 D4 D3 D2 D1 DO
gggﬁEE,S"P?_T,?E'NG DPIABIC DEEF G
6

The MAX7219 allows the display brightness to be
controlled with an external resistor (RSET) con-
nected between V+ and ISET, and digitally using
the intensity register. The peak current sourced
from the segment drivers will nominaliy 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 9.53kQ, which typically sets the seg-
ment 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 7. Maximum brightness oc-
curs 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 decreasing the
duty cycle.

MNAXIIA




Serially Interfaced, 8-Digit LED Disp!ay Driver

Table 7. Intensity Register Format
(Address (Hex) = XA)

Table 8. Scan-Limit Register Format
(Address (Hex) = XB)

REGISTERDATA  (HEX

D7D6D5D4D3D2D1Do CODE)
*DISPLAYDIGITOONLY X X X X X 0 0 0 X0
'DISPLAYDIGITS0&1 X X X X X 0 0 1 X1 |
*DISPLAYDIGITS012 X X X X X 0 1 0 X2
DISPLAYDIGITS0123 X X X X X 0 1 1 X3
DISPLAY DIGITS
) XIX XXX 0000 x4
DISPLAY DIGITS
AL ML X X X 101 x5
DISPLAY DIGITS
Qv A de X XXX 1 10 X8
DISPLAY DIGITS :
A s X X XN 11T X7

DUTY REGISTER DATA (HEX
CYCLE p7 ps D5 D4 D3 D2 D1 Do CODE)
(ot oy %o X a4 oeng an
AR b (s s i Lt e o
SRLLX X X X 00 g e
72X X X0 s
9RZ WX X XSG T
NP2 oX XX X0 0 s
1332 X X X X 0 1 1”0 X
15820 % X% X 0. 1P T
1782 X X X X 1 580 0 ~xg
1982 X X X X B o0 T
2132 X x X x d 0o = p—xa
2332 X x X ¥ o g H=—%3
2582 X x x K€ 7 o0 L%
2132 X x x B4 1 =T [ =0
2932 x x xJ K =T W i pe F
(n;"“;fgn) x x d¥xoy 04 ey &

Scan-Limit Register

The scan-limit register sets how many digits are displayed,
from 110 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
8foSC/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 to blank
portions of the display (such as leading zero suppres-
sion). The scan-limit register format is listed in Table 8.

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 9lists the number of digits displayed and the
corresponding maximum recommended segment cur-
rent when the internal digit drivers are used.

Display-Test Register

The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs on by
overriding - but not altering — all controls and digit
registers (including the shutdown register). In display-
test mode, 8 digits are scanned and the duty cycle is
31/32. Table 9 lists the display-test register format.

SMNAX1AA

* See "Scan-Limit Register text for application.

Table 9. Maximum Segment Currentfor1,2 or 3
Digit Displays

NUMBER OF DIGITS MAXIMUM SEGMENT
DISPLAYED CURRENT :
1 10mA |
2 20mA
3 30mA

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

REGISTER DATA i
D7 D6 D5 D4 D3 D2 D1 DO;
0% X xomx KX o0}
X X o XFF x 1

NORMAL OPERATION
DISPLAY TEST MODE

Note: The MAX7219 remains in display-test mode (all
LEDs on) until the display-test register is recon-
figured for normal operation.

No-Op Register
The no-op register is used when cascading MAX7219s.
Connect all devices’ LOAD inputs together ard connec:
DOUT to DIN on adjacent MAX7219s. DOUT is a CMOS
logic level output that easily drives DIN of a successively
cascaded MAX7219. Refer 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). When load goes high, data s latched
in all devices. The first three chips receive no-0p com-
mands, and the fourth receives the intended data.
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MAX7219

Serially Interfaced, 8-Digit LED Display Driver

Applications Information

Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10pF electrolytic and a 0.1pF
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 RsgT, see Table 11. The
MAX7219's maximum allowable segment current is
40mA. For an LED forward voltage drop of 2.5V, RSeT
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. i

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 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, while for all 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 allowed 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 9 which specifies the maximum allow-

Table 11. RSET vs. Segment Current and LED
Forward Voltage

able segment current. RSET must be selected accord-
ingly (see Table 11).

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

Table 12. Package Thermal Resistance Data

PACKAGE THERMAL RESISTANCE

VLED (V)
Iseg
(mA) 15 2 25 3 35
40 11.3 104 98 89 78
30 16.3 15 14 129 11.4
20 26.2 248 228 209 18.6
10 80.1 56 517 47 419

(84a) .
24 Narrow DIP +75°Cw
24 Wide SO +85°CAN
24 CERDIP ~80°CAY

Maximum Junction Temperature (Ty) = +150°C

Maximum Ambient Temperature (Ta) = +85°C

Computing Power Dissipation

The upper limit for power dissipation (PD) for ins
MAX7219 is determined from the following eguztion

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

V+ = Supply Voltage

DUTY = Duty Cycle set by intensity regisier

N = number of segments driven (worst case s 8}

VLED = LED forward voltage

ISEG = Segment Current set by RseT
Dissipation Example:

ISEG = 40mA, N = 8, DUTY = 31/32. VLED = 1.8V ai
40mA, V+ =525V

PD = 5.25V(8mA) + (5.25V - 1.8V)31/32 x 40mA x §)
=1.11W

Thus, for a CERDIP package (6a = +60C"MW from table i2).
the maximum allowed ambient temperature Ta is Given by

Tymax =TA + PD x 64

+150°C = TA + 1.11W x +60°C/W

TA =+83.4°C

Cascading Drivers

The example in Figure 3 drives 16 digits using a 3-wire
P interface. If the numbér of digits is not a muttiole of 8.
set both drivers’ scan-limit registers 1o the same number
so one display will not appear brighter than the other. For
example, if 12 digits are needed. use 6 aigits per display
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Serially Interfaced, 8-Digit LED Display Driver
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Figure 2. MAX7219 Driving 4 Inch Displays
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MAX7219

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 par digit. If 11 digits are
needed, set both scan-limit registers for 6 digits and
leave one digit driver uncennected. If one dispiay 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 addit:onat information.

L] ° L] 080 L] L] l~l 8. 8. 8‘ 80 8. 8’ 8. 8’
e e
8 8 8 8.3
DATAIN DIN COUT }—+ DIN ooyt
—{ DIG SEG O b— ] CiGo SEGCH—
o SEG 0P f— ] DIG 4 seszet -
GND SEGE sy GND SEG I — B
1 0G6 SEG C ] —4 DIG6 SEG T .
—1 0162 C— — biG2 Ve l———
— CiG3 lse1 ]4\/\/\,_1 — DIG3 & - _
— 0IG7 SEGG 953k 1 DIG 7 ss6c b— i
1 6NO 568 [ Y777 GNO %63
= —{ 0G5 SEG F j = | C6s SE5F —
—1 DG 1 SEGA MAXaAM L1 TG SS5A—  Aas
[‘ L0AD CLK MAX7219 lr LBAD gret WATZiG
LOAD DATA
CLOCK

Figure 3. Cascading MAX7219s lo drive 16 7-segment LED digits.

Chip Topography

DIG0 DOUT SEG DP

DiG1 CLX SEGF
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