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MAX7219EWG-TD

1. DESCRIPTION

The MAX7219/MAX7221 are compact, serial input/ output common-cathode display drivers that
interface 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 set the segment current for all LEDs. The MAX7221 is compatible with SPI™, QSPI™,
and MICROWIRE™, and has slew-rate-limited segment drivers to reduce EMI.

A convenient 4-wire serial interface connects to all common pPs. Individual digits may be
addressed and updated without rewriting the entire display. The MAX7219/MAX7221 also allow

the user to select code-B decoding or no-decode for each digit.

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

2. FEATURES

® 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

® Slew-Rate Limited Segment Drivers for Lower EMI (MAX7221)
[ ] SPI1,QSPI, MICROWIRE Serial Interface (MAX7221)

3. APPLICATIONS

Bar-Graph Displays
Industrial Controllers

Panel Meters

LED Matrix Displays
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4. PIN CONFIGURATIONS

.
DN [ 1] 24] pout
DIGO [ 2] 23] seG D
DIG4 3] 22] seG oP
GND [ 4] 21] SEGE
MAX7219
DIG6 [ 5] MAX7221 |20] sEGC
DiG2 6] [19] v+
DIG3 [ 7] 18] 1SET
DiG7 [ 8] 17] sEG G
GND [ 9] 16] sEG B
DIG 5 [10] 15] sEG F
DIG 1 [11] [14] seG A
LOAD (CS) [12] 13] oLk
(Top View)
5. TYPICAL APPLICATION CIRCUIT
ooOoOooo0o0
oL 0 0 D O 0,
[ [ 1 | I I | [
+5V
19
9.53kQ vm
18
ISET DIG 0-DIG 7
8 DIGITS
MOSI HoN  mAx7219
" MAX7221
uP 1o LOAD (CS)
sCK B3] ik A
] - 8 SEGMENTS
GND
4

8-DIGIT pP DISPLAY

WWW.TDSEMIC.COM

P

age 2

RE g



TDSEMIC

6. ABSOLUTE XL/XDIMUM RATINGS

Voltage (with respect to GND)
b T B B i s T S T T T Vto 6V
DIN, CLK, LOAD; €S cvivssisisisisim i iiiiisininsmvi i s V to 6V
AN OTHEF PINS. oo ....0.3Vto (V++0.3V)
Current
DIG 0—DIG 7 Sink CUIMeNt.........oviiiiiiiiiieiaiiiiieeeee e 500mA

SEG A—G, DP Source Current.....................

Continuous Power Dissipation (Ta = +85°C)
Narrow Plastic DIP (derate 13.3mW/°C
above +70°C). ..o
Wide SO (derate 11.8mW/°C above +70°C)............
Narrow CERDIP (derate 12.5mW/°C above +70°C).

Operating Temperature Ranges (Tmin to T)
MAX7219 MAX7221
Storage Temperature Range

,,,,,,,,,,,, -40°C to +85°C
. ..-65°Cto +160°C
,,,,,,,,, ......+300°C

Lead Temperature (soldering, 10s)

7. ELECTRICAL CHARACTERISTICS

(V+=5V £10%, RseT = 9.53kQ #1%, Ta = TMIN to T, unless otherwise noted.)

(MAX7219 only)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage V+ 4.0 5.5 \"
Shutdown Supply Current I+ All digital inputs at V+ or GND, 150 HA
Ta = +25°C
RSET = open circuit 8
Operating Supply Current I+ All segments and mA
decimal point on, ISEG_= 330
-40mA
Display Scan Rate fosc 8 digits scanned 500 800 1300 Hz
Digit Drive Sink Current IbiGIT V+ =5V, VouT = 0.65V 320 mA
Segment Drive Source IseG Ta=+25°C, V+ =5V, VouTt = (V+ -30 -40 -45 mA
Current -1V)
Segment Current Slew Rate Al Jat |1 S S S\ it 56 i A/
SEG. =+25° + = =(V+ m S
(MAX7221 only) & g »Vour=( "
-1v)
Segment Drive Current Alseg 3.0 %
Matching
Digit Drive Leakage .
| Digit off, V. =V+ -10
(MAX7221 only) DIGIT N Bty BA
Segment Drive Iseg Segment off, Vsgg = OV i L HA
Leakage
(MAXT7221 onhs)
t ¥+
Digit Drive Source Current -
| Digit off, V. =(V+-0.3V -2 A
(MAX7219 only) DIGIT & oGt = { ! i
S t Drive Sink C t
egment Urive sinkLurren Iseg Segment off, Vsgg = 0.3V 5 mA
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Electrical Characteristics (continued)
(V4 =5V +10%, RseT = 9.53kQ2 1%, Ta = TMmIN to T, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
LOGIC INPUTS
Input Current DIN, CLK,
s | VinN =0V or V+ =
LOAD, CS IEAE N 1 . A
Logic High Input Voltage Viy 35 \"
Logic Low Input Voltage Vi 0.8 v
QOutput High Voltage VoH DOUT, ISOURCE = -1mA V+-1 A\
Output Low Voltage VoL DOUT, Is|Nk = 1.6mA 0.4 v
Hysteresis Voltage AV DIN, CLK, LOAD, CS 1 Vv
TIMING CHARACTERISTICS
CLK Clock Period tep 100 ns
CLK Pulse Width High tel 50 ns
CLK Pulse Width Low ter 50 ns
CS Fall to SCLK Rise Setup
. tess 25 ns
Time (MAX7221 only)
CLK Rise to CS or LOAD Rise ; 5
Hold Time coH ns
DIN Setup Time tps 25 ns
DIN Hold Time tpH 0 ns
Output Data Propagation tpo CLOAD = 50pF 25 ns
Delay
Load-Rising Edge to Next
o t pck 50 ns
Clock Rising Edge
(MAX72189 only)
Minimum CSor LOAD h 50
Pulse High W e
Data-to-Segment Delay tpspD 2.25 ms
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8. TYPICAL OPERATING CHARACTERISTICS

(V+=+5V, Ta = +25°C, unless otherwise noted.)

SCAN FREQUENCY vs.

SEGMENT DRIVER OUTPUT CURRENT

POSITIVE SUPPLY VOLTAGE vs. OUTPUT VOLTAGE
830 70
820 1
60
810 \J
— — RseT = 10kQ
Z g0 1 E w0 ~~ —
& = T~
S 790 & r~
) x 40
3 780 x5 _
=4 3 RsgT = 20kQ
&= 770 lé 30
= T——
5 760 3 | Reer =400 N
750 5 T
740
730 0
40 44 48 52 56 6.0 0 1 2 3 4 o
POSITIVE SUPPLY VOLTAGE (V) OUTPUT VOLTAGE (V)
MAX7219 MAX7221
SEGMENT OUTPUT CURRENT SEGMENT OUTPUT CURRENT
T T T T T T J T T T T T
MAXIMUM INTENSITY = 31/32
e I nneats] 00 [msssisesieevidio srgesmis Dot
SO B 3 - A
10mA/div 10mA/div
0 5 SR ] B FrodineiilinadimglveiBos o dwsudlcamdis
.4}-- D [ S T
Sus/div Sus/div
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9. 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.
S I G Eight-digit drive lines that sink current from the display common cathode.
‘10' i1 ! DIG O— The MAX7219 pulls the digit outputs to V+ when turned off. The MAX7221’
! DIG 7 s digit drivers are high-
4,9 GND impedance when turned off. Ground. Both GND pins must be connected.
taaD Load-Datal t. The last 16 bits of serial dat latched LOAD’s risi d|
(MAX7219) oad-Data Input. The las its of serial data are latched on s rising edge.
12
% Chip-Select Input. Serial data is loaded into the shift register while CS is low. The last 16 bits
of
EIYI:AX:’Z serial data are latched on CS’s rising edge.
21)
Serial-Clock Input. 10MHz maximum rate. On CLK’s rising edge, data is shifted into the
13 CLK internal shift register. On CLK’s falling edge, data is clocked out of DOUT. On the
MAX7221, the CLK input is active only while CS is low.
T SR RSEE Seven Segment Drives and Decimal Point Drive that source current to the display. On the
2(}23' & MAX7219, when a segment driver is turned off it is pulled to GND. The MAX7221
D'P segment drivers are high-impedance when turned off.
18 ISET Connect to VDb through a resistor (RsgeT) to set the peak segment current (Refer to Selecting
RseT Resistor and Using External Drivers section).
19 V+ Positive Supply Voltage. Connect to +5V.
o DOUT Serial-Data Qutput. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is
used to daisy-chain several MAX7219/MAX7221’s and is never high-impedance.

10. FUNCTIONAL DIAGRAM

SEG A-SEG G, DP DIG0-DIG 7

SEGMENT DRIVERS

DIGIT DRIVERS
f 8

-
D
8 | SHUTDOWN REGISTER 1
i CODE B o MODE REGISTER INTENSITY
ROM WITH i
BYPASS - INTENSITY REGISTER — WIDTH
= |  SCAN-LIMIT REGISTER MODULATOR
SEGMENT 8 |-»=| DISPLAY-TEST REGISTER
CURRENT 8x8
REFERENCE DUAL-PORT T | muLTipLex
SRAM SCAN
ADDRESS CIRCUITRY
= 8 8 [REGISTER
LOAD (CS) DECODER

4

T s
oin =——— 0o 1] p2] 3[4 [ 5[ 08 | o7 b8 | pao10]p11]D12[p13]D14[D15] |—"= DOUT
S X EXIZXIEIEIEX ]

() MAX7221 ONLY
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ORLOAD . ‘ e
! 6 i ! gy -
—_ ' O | ; ! i
— lcss -— A—L-—ﬂ—b‘ —lcp — -t oK -

CLK

1 -

(051

o XXX R - KA NXENHRRHK
DouT >< :X | Do>j<

TABLE 1.SERIAL-DATA FORMAT (16 BITS)

D15 | D14 |D13 |D12 Dll‘ Dm[ Dg[ D8 07’ DG’ DS’ D4’ D3| D2| Dl‘ DO

X X X X ADDRESS MSB DATA LSB

11. DETAILED DESCRIPTION

MAX7219 ; MAX7221 Differences

The MAX7219 and MAX7221 are identical except for two parameters: the MAX7221 segment
drivers are slew-rate limited to reduce electromagnetic interference (EMI), and its serial interface is
fully SPI compatible.

Serial-Addressing Modes

For the MAX7219, serial data at DIN, sent in 16-bit packets, is shifted into the internal 16-bit shift
register with each rising edge of CLK regardless of the state of LOAD. For the MAX7221, CS must be
low to clock data in or out. The data is then latched into either the digit or control 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 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 register address. DO-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 registers. 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).

Shutdown Mode

When the MAX7219 is in shutdown mode, the scan oscillator is halted, all segment current sources are
pulled to ground, and all digit drivers are pulled to V+, thereby blanking the display. The MAX7221
is identical, except the drivers are high-impedance. Data in the digit and control 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 minimum supply current in shutdown mode, logic inputs
should be at ground or V+ (CMOS-logic levels).

Typically, it takes less than 250pus for the MAX7219/ MAX7221 to leave shutdown mode. The
display driver can be programmed while in shutdown mode, and shutdown mode can be overridden
by the display-test function.
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Table 8. Scan-Limit Register Format (Address (Hex) = OxXB)

SCAN LIMIT REGISTER DATA HEX
CODE
D7 D6 D5 D4 D3 D2 D1 DO

Display digit O only* X X X X X 0 0 0 0xX0
Display digits 0 & 1* X X X X X 0 0 1 0xX1
Display digits 0 1 2* X X X X X 0 1 0 0xX2
Display digits 012 3 X X X X X 0 T 1 0xX3
Display digits0123 4 X X X X X il 0 0 OxX4
Display digits012345 X X X X X 1 0 1 OxX5
Display digits 0123456 X X X X X 1 1 0 OxX6
Display digits0123 4567 X X X X X 1 1 il OxX7

Scan-Limit Register

The scan-limit register sets how many digits are displayed, from 1 to 8. They are displayed in a
multiplexed manner with a typical display scan rate of 800Hz 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 brightness, the scan-limit register should not be used to blank
portions of the display (such as leading zero suppression). Table 8 lists the scan-limit register format.

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 RsgT resistor must be adjusted according to the
number of digits displayed, to limit individual digit driver power dissipation. Table 9 lists the number
of digits displayed and the corresponding maximum recommended segment current when the 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 (15/16 for
MAX7221). Table 10 lists the display-test register format.

WWW.TDSEMIC.COM Page 11 HREFER



TDSEMIC

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

XL/XDIMUM SEGMENT
NUMBEROF DIGITS
DISPLAYED sl
(mA)
1 10
2 20
3 30

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

REGISTER DATA
MOBE D7 | De D5 | D4 D3 D2 D1 DO
Normal
. X X X X X X X 0
Operation
Display Test % % % " % % % i
Mode

Note: The MAX7219/MAX7221 remain in display-test mode (all LEDs on) until the display-
test register is reconfigured for normal operation.

WWW.TDSEMIC.COM Page 12 REFEE
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No-Op Register

The no-op register is used when cascading MAX7219 or MAX7221. Connect all 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 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, sent the desired 16-bit word, followed by three no-op
codes (hex OxX0XX, see Table 2). When LOAD/CS goes high, data is latched 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 0.1uF ceramic capacitor between V+ and GND as close to the device as possible. The
MAX7219 / MAX7221 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 electro-magnetic
interference. Also, both GND pins must be connected to ground.

Selecting Rset 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 / MAX7221recommended segment current is 40maA.

For segment current levels above these levels, external digit drivers will be needed.

In this application,the MAX7219 / MAX7221 serve only as controllers for other high-

current drivers or transistors.Therefore, to conserve power, use RSET = 47kQ

when using external current sources as segmentdrivers.

The example in Figure 2 uses the MAX7219 / MAX7221 segment drivers, a MAX394 single-
poledouble-

throw analog switch, and external transistors to drive 2.3” 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 voltage is typically 4.2V. For all other segments the LED forward voltage
is typically 8V. Since external transistors 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 digit drivers are used to sink current and fewer
than four digits are displayed, Table 9 specifies the maximum allowable segment current. RseT must
be selected accordingly (Table 11).

Refer to the Continuous 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

Viep (V)
Isee (mA) 15 2.0 25 3.0 35
40 12.2 11.8 11.0 106 9.69
30 17.8 17.1 15.8 15.0 14.0
20 29.8 28.0 25.9 245 226
10 66.7 63.7 59.3 55.4 51.2

Note: Rser values are in Kilo Ohms (kQ)

Computing Power Dissipation

The upper limit for power dissipation (PD) for the MAX7219/
MAX7221 is determined from thefollowing equation:

PD = (V+ x 8mA) + (V+ - VLep)(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) Vi ep = LED forward voltage

IsEG = segment current set by RsgT
Dissipation example:
Isec=40mA, N =8, DUTY = 31/32, VLep = 1.8V at 40mA, V+ = 5.25V
PD = (5.25V x 8mA) + (5.25V - 1.8V)(31/32 x 40mA x 8) = 1.11W
Thus, for a CERDIP package (8ja = +80°C/W from Table 12), allowed ambient
temperature Ta is given by:
Tj=Ta+PDx6jA150°C =Ta +1.11W x 80°C/W
where Ta = +61.2°C.

The Talimits 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

THERMALRESISTANCE
PACKAGE
(81a)
24 Narrow DIP +75°C/W
24 Wide SO +85°C/W
24 CERDIP +80°C/W

Junction Temperature (T;) = +150°C

Ambient Temperature (Ta) = +85°C

Cascading Drivers

The example in Figure 3 drives 16 digits using a 3-wire uP interface. If the number of digits 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 digits per display 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 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.
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AND2307SLC ANDZ307SLC
5 [ ANODE DP 5 I"ANODE DP
7
ANODE A 7| anooE A
21 anope F 9 | anooeF
&) anooes 2 ANODE 8
10 1
ANODE G ANODE G
; ANODE C : ANODE C
= ANODE E - ANODE £
IN55248 AN AN
PLper i . 2 IODE DCATHODE IODED CATHODE
8 8
23 —
5| SESD
20| SEGE
] SE6¢ MAX721
SEGG 9 i
L SEGB MAX722
15 SEGF 1 vs |19 v 470
od G L1F eANN®
2 k0 EE
SEG DP
% 18 % 47Tk
GND IsFT p 4
F GND l)—1 NC1
oolle E _1 NC2 Com1
= { 2
DATAIN -'—12 DIN 0IGo & T o™
LOAD (C8) h—u— LOAD (CS) DIG 1 1M comz
CLOCK —— CLK 5| Not
NO2
5
*4,7k02 PULLUP REQUIRED FOR MAX7221 a IRF540
() MAXT221 ONLY 2
Figure 2. NMIAX7219 / nving 2.3in
MAX7221 p
Displays
8.8.8888.88. 8.8.8.8.8888
| WY IO [ DO (VRN [T VA | OSSN SN PSR [N TN PN O |
= c
8 8 8
DATA IN DIN DOuUT DIN DOUT
¢ nico SEGD |9 ®—{DiGo SEGD
¢ DiGe SEGODP |—o [ = B0 SEGDP
GND SEGE |—e GND SEGE
o—{ DIGE SEGC |- 51’ [ == ] SEGC
¢ nic2 Ve e pig2 v+
o oic3 ISET |1 gu““ o Dic3 ISET e
¢ o7 SEGG |—¢ 95%0Q o—{pG7 SEGG
GND SEGB | GND SEGB
—— ¢ DIGS SEGF |—& —— ¢ piGs SEGF
L oiG1 SEGA|—  MaAx72 L biG1 SEGA
ik 19 = 19
l—— LOAD (CS) 1Y o TR I— LOAD (CS) CLK AT
LOAD DATA B 21 21
CLOCK m

Figure 3. Cascading NAX7219 /

MAX7221

to Drive 16 Seven-Segment LED Digils
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12. ORDERING INFORMATION

Ordering Information

Part Device Package Bodysize Temperature MSL Transport Package
Number Marking Type (mm) (°c) Media Quantity
MAX7219 MAX7219 soP24 15.29*7.50 -40to +85 MSL3 T&R 1000
MAX7219 MAX7219 DIP24 31.75*6.55 -40to +85 MSL3 Tube25 600
MAX7221 MAX7221 s0P24 15.29*7.50 -40to +85 MSL3 T&R 1000
MAX7221 MAX7221 DIP24 31.75*6.55 -40to +85 MSL3 Tube25 600
13. DIMENSIONAL DRAWINGS
— N | i [
H Ly I { \ -
& ! L |
s D o = — 2
1
RRRAAAAAAARA | R
- bl - E
4 El
] N 7 C ( 1.40 L‘ 50
z 7N
R =" } 0 20
= - _ WITH PLATING k BASE METAI
HHHHHHHHHH [~ 4 SECTION A-A
bl o A-A
L SYMBOLS| MIN. (mm) NOR{mm)|  MAX (mm)
22 13 = A = = 5.334
ik I i O e O e O e e O e e O i e O 4 A 0.381 = =
il A2 3. 175 3.302 3.429
D O O o e [j N D 31.242 | 31 750 | 32 512
E 7.620 BSC
(G O T i o A S — £l 6426 | 6.553 | 6 680
L 2.921 3. 302 3.810
€p 8. 509 9.017 9.525
8 0 7 15

1 e
i SEATING PLANE

A

0.100typ.
Jooeyp

0.060typ.
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