7'- TITAN MICRO™
/l’l ELECTRONICS LED Driver Qontroller T™M638

1, Description

TM1638 is LED driver controller with key-scan interface, MCU digital interface, data latch, LED
high pressure driver, key-scan is integrated into a single chip. TM1638 main apply for fridge, air
condition and home theatre as high-seg display driver.

2. Feature

Power CMOS technology

Display mode 10segx 8grid

Key-scan(8x 3bit)

Gray adjust circuit(duty ratio 8 level is adjustable)
Serial connection (CLK STB DIO)

Oscillation type: RC oscillation(450Hz+5%)
Build-in power-on reset circui

SOP28 package

3. Pin definition

L w2
3 K CK %2
5 \VDD GND o
6 SEG1I/KS1 GRID1 3
= SEG2/KS2 GRID2 Ty
3 SEG3/KS3 GRID3 T
9 | SEG4/KHA GRID4 )
10 | SEG5/KS5 GRID5 19
ETREn SEG6/KS6 GRID6 T
1 SEG7/KS7 GND T
13 SEG8/KS8 GRID7 16
u SEG9 GRIDS8 5
—— SEGI10 VDD —
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4. Pin function definition

Syniol F n nane description
Data Input/output serial data during the rising of shift
DIO .
input/output clock, from low.
Initialize serial interface during the falling/rising
edge, then receive instruction. The first byte as
STB Chip select instruction when STB is low, another disposal
would be closed during handle.the instruction.
CLK would be ignored when STB'is high.
CLK Clock input Output/input serial data at the rising edge
K1 K3 Key-scan data | data inputted into the Pin would be latch after
input display cycle close.
SEG1/KS1~ output . .
SEGS/KSS segment Segment output, P pipe open-drain output
SEG9 SEGI10 output Segment output ipe open-drain output
segment g put, p pipe op p
GRID1 GRID8 Output(grid) Grid output, N pipe open-drain output
VDD Logic power 5V+10%
GND Logic ground | Connect ground system

TM638

Note: DIO output data is N pipe open-drain output, when read key demand connect 1K-10K rising
resistance. We promote 10K rising resistance. The read data is unsteady during DIO control N
pipe action at the falling edge of shift close. You could refer to below chart(6), the data is steady
during the rising edge.

10K

DIO

GND
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5. Display register address and display mode

The register transmits data from outside device to TM1638 via serial interface, address
fromOOH-OFH total 16 byte units. And separately correspond with LED light of chip SGE and
GRID pin. As below chart:

Write LED display data from high to low of display address, from low to high of data byte.

TM638

188888 88 8B x| x|x|x x| x
o

xxH_ xxXHJ ) XXHL( ) XxHJ

BB | @ ||| |B|B7|BO| Bl | R |B| B | B |BB|B
00H_ 00HU 01H 01HJ R0
02H_ 02HJ 03H 03HJ R®
04H_ 04HU 05H_ 05HJ R >
06H_ 06HU o7H o7HJ RD
08H_ 08HU 09H_ 09HJU R b
0AH. 0AHU 0BH. 0B-U R
0CH_ 0cHU oDH oDHU R D7
OEH_ OBHU OFH. OFHU R >

chart 2

Write LED display data from high to low of display address, from low to high of data byte. For
don’t used SEG output interface, please input 0 into correspond BIT address.

6. key-scan and key-scan data register
Key-scan frame is 8x 3bit, as chart(3):

A ) 7
[ N w
— — . — .
O O O O @)
KSL
O O (@] O (@]
K
O ¢ O @] O @]
KS3
O O O O @)
K$A
O O O O @)
KS
O O O O O
KS6
O ¢+ O @] O (@]
KS7
O O @] O (@]
1 1 ] Ks8
Chart(3)

Key-scan data stock address as chart(4), after send read key instruction, start to read key data
BYTE1-BYTE4, read data from low to output, when press pin of chipK and KS, the BIT of
correspond byte is 1.
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B0 Bl B2 B3 B4 B5 B6 B/
K3 K2 Kl X K3 K2 Kl X

BYTEL
BYTE2
BYTE3
BYTE4

B2 2R

el

Chart(4)

Note: 1, TM1638 read up to 4 byte, no more than 4.

2, read data byte just from BYTE1-BYTE4 in turn, cannot cut across byte to read. For
example: when press the key corresponds with K2 and KS8, if want to read this key’s data, must
read the 4th byte the 5th bit, then can get the data; when K1 and KS8, K2'and KS8, K3 and KS8
press in the same time, the B4,B5 and B6 of BYTE4's data is 1.

3. Combination key just is same KS, different K pin. Same K and different KS cannot combine
together as key combination.

7. Instruction description
Instruction to set display mode and LED driver status.

Input DIO the 1st byte as an instruction at STB falling edge. After coding, get the highest byte of
B7,B6 to distinguish different instruction.

B7 B6 instructi on

0 1 Dat a i nstruction set

1 0 O spl ay control instruction set
1 1 Address instruction set

7.1 data instruction set
The instruction to set data writes and read, Bland BO cannot be set 01 or 11.

MSB LSB
B7 |B6 [B5 (B4 |B3 | B2 |[B1 |[BO [ Function instruction
0 1 0 0 Data write Write data to register
0 11 | o 1 |0 |mode set Read key-scan data
0 1 . 0 Address add Auto address add
avaiable -
O |1 |inputo 1 mode set Fixed address
0 1 0 test mode Normal mode
0 1 1 set(inner use) Test mode
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7.2 Address instruction setting

MSB LSB
Displa

B7 |B6 |B5 |B4 |B3 |B2 |Bl |BO | d'?esys

1 |1 o o |0 ]o [ooH

1 |1 0o |0 |o |1 [oiH

1 |1 0o |0 |1 |0 [ozH

1 |1 0o |o |1 |1 [o3H

1 |1 0 |1 |o |0 [os4H

1 |1 o |12 |0 |1 |osH
T . ol 1] 110 06H
1| 1| Jmiable ol 1] 1] 1 O7H
1 [ 1 |inputo 1] 0o/ o 08H
1| 1 1001 09H
1| 1 1 0] 1o 0AH
1| 1 1011 OBH
1] 1 1] 1]o0]o0 OCH
1| 1 1 1] 01 ODH
1| 1 1 1] 1o OEH
1] 1 1 | 14 N OFH

The instruction is to set display register address

If address set 10H or higher, data would be ignored, till available address is set.

When power on, address default O0H.

7.3 display control

VBB LB
Br | B B5 B4 B3 | B2 | BL | BO | Function description
1 0 0 0 0 Set pulse wdth is 1/16
1 0 0 0 1 Set pulse wdth is 2/16
1 0 0 1 0 Qean | Set pulse wdth is 4/16
1 0 0 1 1 [ight Set pulse wdth is 10/ 16
1 O |'irrel evant 1 0 0 Jauantity ] Set pul se Wdth ?s 11/ 16
1 O | terminput 1 0 1 set Set pulse width is 12/16
1 0 0 1 1 0 Set pulse wdth is 13/16
1 0 1 1 1 Set pulse wdth is 14/16
1 0 0 O spl ay Show turn of f

turn
1 0 1 on/ of f Show turn on

set

8. serial data transmit pattern:

Read and receive 1 bit should at the rising edge of shift clock.
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8.1 data receive (write data)

CLK 1 2 (3 |4 [5 |6 (7 |8

DIO BO A BLA B2A B3 A B4 A B

SB | o

8.2 data read

o1
9y
o3}
93]
A4

ok | a1l 2 e g T T A [

DIO BO A BL X T Br BO A Bl A B2 A B3

STB

Twait

Notice: When read data, set instruction from the 8th rising edge of clock to CLK falling edge to
read data that demand a waiting time Twait(min 1y S).

9. Display and key
(1) Display
1, Driver common cathode:

SEGL "‘|"

AN SEGZ
SES seGs | A
SEG4 o/ GRIDL SEG4 ¢, | GRIDL
SEGS AN WEEL/C

Chart(7
Chart(7) is sketch map for common cathode dig(;it)ron connection, if demand the nixie tube display”0”,
FCA SE2 FEFB FE FEE SEEBshould be high level SFHG7islowlevel when QRDOLis
[ow | evel .
P ease refer to chart(2) display address form just wite data 3FHin OOH address unit
to nake ni xi e tube show 0" .
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EHF | =B | = | =B =@ | s}
o o 1 1 1 1 1 1 OOH
B7 B6 B B4 B3 R Bl B0
2. Driver common anode nixie tube
GRID1 ¢
GRID2 |4 GRID1
D GRID2
GRID3 Y DPY
I{ GRID3 | A %
GRIDA "¢ SEGL GRID4 cil, o SEGL
GRIDS [~ E, |°
GRID5 K GRID6 f G [LEDgn]
GRID6 |4 GRID7
GRID7 “|
o chart 8

chart(8) is sketch map for common anode digitron connection, if demand the nixie tube display”0”,
FEA SH2 EHB3 FH SEG SEEGshoul d be high | evel

G/ is lowlevel when QRIDLis

lowlevel. P easeinput 01HintoOOH 02H 04H 06H 08H OAH andinput OOHi nto the rest
address unit.

S=€3) SH S=€5) S=€5) SEGH S=€%) S =¢% SEA

0 0 0 0 0 0 0 1 O0H

0 0 0 0 0 0 0 1 02H

0 0 0 0 0 0 0 1 04H

0 0 0 0 0 0 0 1 O6H

0 0 0 0 0 0 0 1 08H

0 0 0 0 0 0 0 1 OAH

0 0 0 0 0 0 0 0 ocH

B/ B6 B5 B4 B3 B2 Bl BO

Notice: SEGL-10 is open-drain output, GRDL-10 is N pi pe open-drai n out put, during the

use, SEG just can connect LED anode, (R D connect cat hode.

(2) KEY:

Fol | ow chart (9) to observe SEGL/ KSL and SE@/ K2, the output key-scan wave as chart(10)
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SEG2/KS2 GRID2
SEG3/KS3 GRID3
GRID4
GRID5
SEG6/KS6 GRID6
SEG7/KS? GND
SEG8/KS8 GRID7

—— KL STB

e K2 CLK

—— K3 DIO
1 Iy GND ———
> SEGU/KSL  GRIDL —

a2
‘ Y

@

Q

2

=
=
=
““x

54

0)

a

-

A

— SEG9 GRID8
- SEG10 VDD
GHART(9)
The SEQN KSN wave of | C board scanni ng:
SEG1/KS1 ”
SEG2/KS2 ”
SEG3/KS3 ”
SEGN/KSN
TdiSp=500l..IS

Chart (10)
Tdisprelate wth I Cwork frequency, TM638 has been i nproved nany tines and oscil | ation
frequency don' t entirely same. 500US just for reference, please neasure for exact data.

Nornal situation please use chart(11), that can neet the denand of key design.

—

Kl Pa] [Ps%] “s°
K2 Ot [Og°

K3 s
SGEL/KS1 SGEL/KS2 SGEL/KS3
Chart (11)

Wien press S1, BOat the 1% byteread 17 ,if multiplekeyis pressed, woul d read mil tipl e
T

NOTE (onposite key use noti ce

SEGL/ KSI- SEGL0/ KS10 i s for di spl ay and keyscan. chart (12) as exanpl e, di spl ay denand | i ght
DL, light outl2, SEGL shouldbe * 1”7 , SEQis“ 0", if S, X pressed at the sane ti ne,

www.titanmec.com




7” TITAN MICRO™
/l’l ELECTRONICS LED Diver ontroller

that equal to SEGL, SE@ is short circuit, then DL, C2 all light.

TM638

— .
SGEV/KS1LO o) O—y
S1
—
SGE2/KS20 . o) O—e
2
D1 D2
\A \A
\A \A
)
K1
GRID1
Chart(12)

SaUn N
1. in hardware, could set the key need press at the sane tine to-different K-line, as

chart (13)

—
SGE1/KS1O . . L s1 @)
1 2 LO—-—
M M 4 Ol
M M
GRID1 GRID2 KL K2

2. Seria resistance in SEQ---SEQN like chart (14), the val ue of resistance should be
510Q  too high will invalid key, too low cannot solve disturb problem:.

SGE1/KSLO _ g O

510

L 7 O
2

510

SGE2/KS20 *

e
VR

AO

GRID1
Chart (14)

3. seria connection LED as chart (15)
SGEVKSLO N—o s O

—
SGE2/K20O . N—o O—e
2
1 2
\A \A
\A \A
)
K1
GRID1
Chart (15)

10. Transmt of serial data when application

10.1 Address add node

Wse address auto- add 1 node, set address actually is set a original address for stock
transnit data. Qice send over the original addressinstructionbyte, “ SIB’ don’ t denand
set highandfoll owclosel ytotransnit data, upto 14BYTE After sendover thedata, “ SIB

www.titanmec.com




7" TITAN MICRO™
/l’l ELECTRONICS LED Driver Qontroller T™M638

coul d be set high.

CLK (LS Ty CEEE T T TR (LT T

DIO | commendt || commend2  [[cCommand3 | Daml [ Dam2 | | bDaan || commnd4 |

s | [ [ [ [

Gommandl: set di spl ay node

Gommand2: set data instruction

Gommand3: set di spl ay address

Datal-n: transnit display data to Gommand3 address and behi nd address(up to 14byt es)
Gommand4: display control instruction

10. 2 fixed address node

Wse fixed address node, set address actually i s set an address for stock denand transnit
data. Once send over address, “ STB' don’ t denand set hi gh, andfollowcl osel ytotransnit
data, After send over the data, “ STB’ could be set high. Then reset-address to stock
the 2ed data, up to 1l6byte is send over, “ STB set high.

cK CLLLLLL Leeety ety e et Lel e Ceeprrdy
DIO | commendt || commend2 || Commend3 || Datal [] commendd []  Date2 I [ Commends |
s’ | M M [ M M [

Gommandl: set di splay node

Gmand2: set data instruction

Gommand3: set di splay address 1

Datal: transmit display datal to cormand3 address
Gommand4: set di spl ay addr ess2

Data2: transnmit display data2 to cormand4 address
Gommand5: display control instruction

10.3 Read key timing

ek [RMEE WEEEEEE EEEE S E S L

DIO | commendt | | Damt || Daw2 || Da3 || Dawd |

sB |

Command1: set display mode
Datal-4: read key data

10.4 procedure design flow chart
procedure design flow chart for address auto-add1

www.titanmec.com
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TM638

42H

No——>

1BTYE

1 40H

4BYTE

N

ON

S50 \
€O

8FH <

Procedure design flow chart for fixed address

www.titanmec.com
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TM638

I 8FH
Y
l 42H
No——>
44H Y
l 1BTYE
Y
OTEFI MCU
1BYTE
l <
3
0C1H
1BYTE |
< z
3
v L
<
Y
—
——
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11. Application circuit

11.1 TM1638 driver common anode digit screen hardware circuit, as chart(16):

LEDL LED2 LED3

LED4

NGRL[, DPY GRL[, DPY NGRL[, DPY NGRL[; DPY
\GR2 | a \GR2 | a \GR2 | a \GR2 | a
INGR2 | ¢ fl b INGR3 | ¢ f/ lb INGR2 | ¢ fl b INGR3 | ¢ fl lb
NGR&|q |9 s61 NGRA] ¢ se4 /NGRE|q | 9 s67_\GRA] ¢ SG10
;gg e e/ lc ggg e el c ng e e/ lc ggg e el d c
IN.GR? ; dp IN.GR? ; dp IN.GR? ; dp IN.GR? g dp
INGRE | gp INGRe | ¢ INGRe | gp GR8 | gp
LED7 LED8 LED9
NGRL[, DPY NGRL[; DPY NGRL[, DPY
\GR2 | a \GR2 | a \GR2 | a
N Rele i b R i o
NGR&|q |9 se2 \GRA] ¢ S5 /NGRA] ¢ se8 /]
NGRS | e e/ lc GRS |¢ el . NGRS | e e/ lc
INGR6 | ¢ INGR6 | ¢ INGR6 | ¢ :
\GR7 g dp \.GR7 g dp \GR7 g dp
INGRE | dp INGRe ] g INGRE | dp
LEDI3 LED14 LEDI5
NGRL[, DPY NGRL[; DPY NGRL[, DPY
INGR2 |, a NGR2 |}, INGR2 |y a
e o[ 4 b R e o] 4 o SR fe o o o
NGR&|q |9 s63 \GRA] ¢ ses /NGRA|q | 9 69 /1
NGRS | e e/ lc GRS |¢ el . NGRS | e e/ lc
INGRé | _d INGR6 | ¢ INGR6 | ¢ :
INGR7 | g dp INGR7 | g dp INGR7 | g dp
INGR8 | dp GR8 | dp INGR8 | dp
o o o o o o o o
[9} @ @ [} @ @ 2] @
2 Y 8 { & 8 Q 8
) s 8 S S s17 20 23
—_— —_— —_— —_— —_— —_— —- — -
O O‘l O O‘l +—O O‘l +—O O‘l +—O O‘l a o O‘l —O O‘l K1
3 E3 3 S S5 S8 21 2
[e] O —O [e} +—O [e] +—O O +—O O +—O O O O
K2
25 6 <7 <8 29 S0 il 2
— — — — R
[e] O L—o [e} L—o O L—o O L—o O: — O L-—0 O
K3
s Voo
¢ =
ic?
10K
KL SB
xel K2 | K i oK
=—1000F——C2 Voo K3 [%] DIO
= k3 DIO —— oh
) I GND |—— -
G2 4{ 101
X 101
101
: VDD,
GND .

Chart(16)

11.2 TM1638 Driver common cathode digit screen hardware circuit, as chart(17):

www.titanmec.com
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Dw > o
o QEEEIRA
MP3 PBC -t T DDD
€0 0T o DE A NOYTINDO~®
T ) R ) 0 o o ey N
oo
3RS  clojoolo)ojolo
- Voo
£ Re=—|
- 10K B
+a CLK
= oK
S0 [} DO
104 Do [o7
GND — oo -
1 ggg; GR2 % # 100
7 Pl GR3 101
GRA 101
GRD4 e
: VDD, GRIDS GR6
GRD6
GND .
GND o
GRD7 o Y&
GRDS
oD [——
w w w w w w w w
@ @ @ [ @ @ (9] [9)
= N w S o o ~ o
2 S5 3 si1 s s17 s20 s23
—_— —_— —_— —_— —_— — — —_—
O O »—O O »—O O »—O O 20 O —O O —O O
K1
3 % £ s S5 S8 Bl 2
—_— —_— —_— —_— —_— —— —- —_—
O O »—O O —O O »—O O —O O > O O »—O O
25 % 27 8 29 S0 <L 2
— . p— . p— . — . — —- —— —_—
O- O- L—o O- L—oO O- L—o O- L—o0 O- Lo O- L—oO O-
K3
Chart(17)

Notice: 1. the filter capacity between VLD and G\D shoul d near TML638 chi p when PCB | ayout

to enhance filter effort.
2. The 3 100p capacity connectD Q QK SIB port coul d reduce the interference

to communi cation port.
3. because the break-over reduce voltage of blue-ray digitron about 3v, TM638

suppl y el ect roni ¢ shoul d choose 5V.

12. Electric parameter

Limit parameter(Ta=25 ,Vss=0V
Par anet er Syntol Range Lhi t
Logi ¢ power vol t age D -0.5 +7.0 Vv
Logi ¢ i nput vol t age M1 -0.5 VED + 0.5 Vv
LED Seg driver out put | _50 -y
current
LED G'id driver out put | 1200 T
current
Power consunpti on PD 400 nw
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Vork tenperature Topt -40 +80
S ock tenperature Tstg -65 +150
Normal work range(Ta = -20 +70 Vss=0V
: . Test
Par anet er Syniol Mn Typi cal Max Lhi t condi tion
Logi ¢ powver vol tage VD 5 \% -
Hgh level input voltage v H 0.7 VD - VD \% -
Hgh level input voltage ML 0 - 0.3 VD \% -
Hectric feature Ta =-20 +70 VID=4.5 5.5V Vs =0
\/
Par anet er Syntol Mn | Typical Max Lhi t Test condition
i b \ Segl~Segll
| ohl 20 25 40 A o = vdd- 2V
H gh | evel out put
current Seal-Seqll
) 3 3 gl~=eg
| oh2 20 30 50 nA Vo = vdd-3V
Low | evel out put Gidi~Gide
current lat “Q 140 ) A Vo=0. 3V
Low Tevel ‘output | 4 4 . . A VO = 0.4V dout
current
e oapu | aasg | - | - | s | w | ‘vozwo-av
P g Segl Segll
current
Qut qu falling R 10 KO K1~K3
resi stance
I nput current I - - 1 pA M =MD/ VSS
H gh level input 0.7
vol t age VI H D - Y, aK DN SB
Low I evel i nput 0.3
vol t age ML - - \[D \% K DN SIB
Del ay vol t age VH - 0.35 - \% QK DN SiB

www.titanmec.com
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Active current
consunpti on | DDdyn - - 5 A No I oad show turn-of f
Sntch feature Ta =-20 +70 VD =4.5 5.5V
Par anet er Syniol Mn | Typical Max Lhi t Test condition
Gscillation fosc - 500 - KH R=16.5 KQ
tPLZ - - 300 ns akKk - baJr
Transnit del ay
tine tPzL | - i 100 ns Q = 150F, R = 10K Q
TTZH 1 - - 2 Ms S0l Segll
Rsing tine -
J — 300pF| @idl Gid4
5 - - 0.5 VIS Segl2/ Gid7
Segld/ Qi ds
Falling tine TTHZ - - 120 Ms . = 300pF Segn Gidn
Nex cl ock Frax 1 - - MHz Duty rati o 50%
frequency
I nput capacity a - - 15 pF -
Timing feature Ta =-20 +70 VDD =4.5 55V
Par anet er Synbol Mn [ Typical | Mix | Lhit | Test condition
a ock pul sewi dt h PWOLK 400 - - ns -
Gate pul se width PVETB 1 - - Ms -
tabulldng | yemp | 100 | - - | s .
tine
Data stock tine tHAD 100 - - ns -
K -SIBtine tSGﬁ; 1 - - VIS AKr - SIBt
Vi ting tine tWAT 1 - - Ms akr -QAak

www.titanmec.com
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Timng wave chart
PWste

-\ [

|, PWoeik PWek teik-ste .

e walle

|, tsewe tvoo |

. X v X

trzL trLz
-
Dour L J

trHz trzn
90 %
Sw/Gn
10 %
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13. Package S ze

K il
i e J ® b (m B K i P (mw [ K (om)
A 17. 83 18.0 C4 1. 043TYP
1064TYP D1 0.70 | 0.90
1. 27TYP D2 1. 395T¥P
0.91TY 4 0. 508TYP
B 9.90 10, 30 R2 0. 508TYP
i.42 81 77 TYP
8. 0TY f2 5" TYP
44 03 47 TYP
0. 204 0. 33 4 10° TYF
0.10 0.25
- SEL
HAHAHHAHHAHAHHAS SN
— \ _J
' ‘\‘-.._‘_ s
. \ //— & 3. 000, O
Pttt e
T T

DETAIL *X"
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