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7'- TITAN MICRO™
/l’l ELECTRONICS LED Driver Controller V638

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

I Power CMOS technology

[ Display mode 10seg [0 8grid

[ Key-scan(8 [ 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 w3
3 K (LK =6
= K DIO 5.
"5 | YOb GND =5,
6 | SEG1/KS1 GRID1 3
N SEG2/KS2 GRID2 »
N SEG3/KS3 GRID3 21
9 | SEG4/K$4 GRID4 20
0 SEG5/KS5 GRID5 19
ST SEG6/KS6 GRID6 18
1 SEG7/KS7 GND 17
13 SEGR/KSE GRID7 16
SV SEG9 GRIDS 15
—  SEGI0 VDD

www.titanmec.com




7" TITAN MICRO™
/7 ELECTRONICS

LED Driver Controller

4. Pin function definition

Syrbol Pin nare 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 . .
SEG8/KSS ( segment ) Segment output, P pipe open-drain output
SEG9~ SEG10 output Segment output, p pipe open-drain output
(segment) ’
GRID1 ~ GRID8 Output(grid) Grid output, N pipe open-drain output
VDD Logic power | 5V+10%
GND Logic ground | Connect ground system

T™1638

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.

vaC
oy T N 2R B R 10K
DIO
Q
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
fromO0H-0FH 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

T™1638

from low to high of data byte.

AEEEE NN

= o

oHL({RPIAL ) oHJE UM ) >oHL ARRIU{ ) xHJ( BT )

Bo| B1| B2| B3| B4| B5| B6| B7| BO| B1 | B2| B3| B4 | B5| B6| B7
00HL 00HU 01THL 01HJ QRIDT
02HL 02HJ 03HL 03HU RID2
04HL 04HJ 05HL 05HJ QRID3
06HL 06HU 07HL 07HJ RID4
08HL 08HJ 09HL 09HU RID5
0AHL 0AHU OBHL 0BHU RID6
O0CHL 0cHJ OCHL ODHU QRID7
OEHL OEHU OFHL OFHU GRID8

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 8 0 3bit, as chart(3):

~ = ~
— S w
—- — . — .
O O O O @)
KS1
O O @) O O
K
O O @) O @)
K
O O O O @)
K
O O O O @)
K
O O O O O
K
O O @) O @)
K
Oj —O @) —O OT KS3
Chart(3)

Key-scan data stock address as chart(4),

BYTE1-BYTEA4, read data from low to output,
correspond byte is 1.

after send read key instruction, start to read key data

www.titanmec.com
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BO B1 B2 B3 B4 B5 B6 B7
K3 K2 K1 X K3 K2 K1 X
KS1 KS2 BYTE1
KS3 KS4 BYTE2
KS5 KS6 BYTE3
KS7 KS8 BYTE4
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 instruction

0 1 Data instruction set

1 0 Display control instruction set
1 1 Address instruction set

7.1 data instruction set
The instruction to set data writes and read, B1and B0 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 |1 NoY 1 0 | mode set Read key-scan data
0 1 . 0 Address add Auto address add
avaiable , -
0 1 input 0 1 mode set Fixed address
0 1 0 test mode Normal mode
0 1 1 set(inner use) | Test mode
www.titanmec.com
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T™M1638
7.2 Address instruction setting
MSB LSB
Displa
B7 |B6 |B5 (B4 | B3 (B2 |B1 |BO ad drl)'esys
1 1 0 0 0 0 O0H
1 1 0 0 0 1 01H
1 1 0 0 1 0 02H
1 1 0 0 1 1 03H
1 1 0 1 0 0 04H
1 1 0 1 0 1 05H
1 1 0 1 1 0 06eH
! ! ’:\?atiable , 0 ! ! ! oM
1 1 input 0 1 0 0 0 08H
1 1 1 0 0 1 OH
1 1 1 0 1 0 0AH
1 1 1 0 1 1 OBH
1 1 1 1 0 0 O0H
1 1 1 1 0 1 OCH
1 1 1 1 1 0 OEH
1 1 1 1 1 1 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 00H.
7.3 display control
VBB LSB
B7| B6| B5 B4 | B3| B2 | B1| BO|] Function description
1 0 0 0 0 Set pulse width is 1/16
1 0 0 0 1 Set pulse width is 2/16
1 0 0 1 0 Clean | Set pulse width is 4/16
1 0 0 1 1 light | Set pulse width is 10/16
1 0 | Trrelevant 1 0 0 | quantity| Set pulse Mdth %s 11716
1 0 | term, input 1 0 1 set Set pulse width is 12/16
1 0 0 1 1 0 Set pulse width is 13/16
1 0 1 1 1 Set pulse width is 14/16
1 0 0 Display Show turn off
turn
1 0 1 on/off 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 iol2 13 (4 s [6 7 (8

DIO B0 A Bl B2 A B3 A B4 A B

SB | o

8.2 data read

T
o
S

]
~

ak | 1] o] e s BEnr<in

DIO BO A Bl A ™ BY BO A Bl B2 A B3

STB

XIRREG S Twait (EA:VE g 38

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 1 0°S).

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

A7

SEGL ),
SER2 ), , SEGI

AN SEG2
SHES SEG3 | A ™
SEG4 X[ GRIDI SEG+ - ¢il, [ | GRIDI
A SE(}S ’7 Ee c
M, SEG6 e lj

SEG6 '/ |/ 7 SEG7

Chart(7)
Chart(7) is sketch map for common cathode digitron connection, if demand the nixie tube display”0”,
SEG1, SE@2, SEG3, SE:4, SEG, SEGeshould be high level, SEG7 is low level when RID1 is
low level.
Please refer to chart(2) display address form, just write data 3FH in OOH address unit
to meke nixie tube shonl OO .
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SEG8 | SEG/ | SE6 | SEG5 | SE®& | SE& | SE@ | SEG
0 0 1 1 1 1 1 1 00H
B7 B6 B5 B4 B3 B2 B1 BO
2. Driver common anode nixie tube
GRIDI <
GRID2 K GRIDI
GRID2
GRID3 DPY
L GRID3 |4 ™
GRID4 K SHGI GRID4 ¢, | | SHGI
GRIDS [~ E¢, |
GRID5 K GRIDG ﬁ G (LEDm]
GRID6 K GRID7
GRID7 |

6N
6N

chart( 8)

chart(8) is sketch map for common anode digitron connection, if demand the nixie tube display”0”,

SEG1, SEQ2, SEG3, SE&4, SEG, SEG6should be high level, SEG7 is low level when QRID1 is
low level. Please input 01H into O0H, 02H, 04H, 06H, 084, 0AH, and input O0H into the rest
address unit.

SEG8 SEG/ SEG6 SEG SE4 SEG3 SEG2 SEG1

0 0 0 0 0 0 0 1 00H
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 06H
0 0 0 0 0 0 0 1 08H
0 0 0 0 0 0 0 1 0AH
0 0 0 0 0 0 0 0 O0cH
B7 B6 B5 B4 B3 B2 B1 BO

Notice: SEG1-10 is open-drain output, QRID1-10 is N pipe open-drain output, during the
use, SEG! just can connect LED anode, QRID comnect cathode.

(2) KEY:

Follow chart(9) to observe SEG1/KS1 and SE@/KS2, the output key-scan wave as chart(10)
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SEG2/KS2 GRID2
SEG3/KS3 GRID3
H RI 1Rz | SEG4KHA GRID4

— Kl STB
— ax
K3 DIO
|
23 4733 VDD GND
i%—:;%&?é SEGIKSI  GRDI —— —L

Ik | [1c ] SEG5/KS5 GRID5

— SEG6/KS6 GRID6
— SEGT7/KS7 GND
L — SEG8/KS8 GRID7

—— SEG9 GRID8
- —— SEGI0 VDD
HART(9)
The SEQVVKIN wave of IC board scanning:
SEG1/KS1 ”
SEG2/KS2 "
SEG3/KS3 ”
SEGN/KSN
Tdisp:SOOt.ls

Chart(10)
Tdisp relate with IC work frequency, TM1638 has been inproved meny times and oscillation
frequency donl t entirely sare. 5008 just for reference, please measure for exact data.

Normel situation please use chart(11), that can meet the devand of key design.

—

Kl “a°] 397 [“s°
K2 [P9°t [“u°
K3 © g 01

SGEI/KSI SGEI/KS2 SGEL/KS3
Chart(11)

P

|'

When press S1, B at the T byte read 0 10 ,if multiple key is pressed, would readmultiple
010

NOTE: Carposite key use notice

SEG1/KS1-SEG10/KS10 is for display and keyscan. chart(12) as exarple, display devend light
D1, light outD2, SEGT should be 0 10 , SEG is 01 00 , if S1,S2 pressed at the sare tine,
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that equal to SEG!,SEQR is short circuit, then D1,D2 all light.

SGEI/KS1 O S
—
SGE2/KS20 . O ., O—
)
p1 | 2
\A \A
\A \A
O
K1
GRID1
Chart(12)

SOLUTION:
1. in hardaere, could set the key need press at the sare tine to.different K-line, as

chart(13)

—
SGEI/KS1 O . . + 50
1 2 LO—-—
N N ) Ol
\A \A
GRDI  GRID2 Kl K2

2. Serial resistance in SEGI---SEQN like chart (14), the value of resistance should be
510 , too high will invalid key, too low cannot solve disturb problem.

SGE1/KS1 O b O s1 O—

510
—m-

SGEYKS20 — 5, 0
510

O

K1

GRID1

Chart(14)

3. serial connection LED as chart(15)

—
SGEI/KSI O o
St
—
SGEYKS20 . N—o O—4
)
1 2
\A \A
\A \A
O
K1
GRID1
Chart(15)

10. Tranamit of serial data when application

10.1 Address add node

Use address auto- add 1 node, set address actually is set a original address for stock
tranamit data. Once send over the original address instruction byte, 0 STB0 dond t devand
set high and follow closely to transrit data, up to 14BYTE. After send over thedata, 0 STBO
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could be set high.

CLK L O Ty Ly L T

DIO | Comundl || Command2 || Command3 | Datal | Dam2 | > | Daan || Conmands |

SB | [ [ [ [

Coamend1: set display node
Comend2: set data instruction
Comend3: set display address

Datal-n: transmit display data to Commend3 address and behind address(up to 14bytes)
Comrend4: display control instruction

10.2 fixed address node

Use fixed address nmode, set address actually is set an address for stock derend transmit
data. Once send over address, 0 STBI don t devaend set high, and follow closely to transmit
data, After send over the data, 0 STBI could be set high. Then reset.address to stock
the 2ed data, up to 16byte is send over, 0 STBI set high.

ax COLLLLLL LRty ety e e ey Cebe ey ey
DIO [ Commandl || Conmmnd2 || Command3 [ [ Dual [] commands [  Da [~ [ Commands |
s | M M [ M M [

Caomend1: set display node

Caomend2: set data instruction

Caomend3: set display address 1

Datal: tranamit display datal to comend3 address
Caomend4: set display address2

Data2: transmit display data2 to commend4 address
Caomend5: display control instruction

10.3 Read key timing

cx LR LEELEEEE CEEE e R L L

DIO | Commandl | | Daal || Daw2 || Daw3 || Dawmd |

SBB |

Command]: 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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T™1638

| 7t l
¥
! BEBIERNE
&% (42H)
N
No=———>1
\
\ i 1BTYEAW
/ &
RESERNNERS
EE B E M1 ( 40H)
Y
Y BHEREENE
i B 1At MCUM 5 77 £
it ( OCOH)
No=——>>
¥
iR i# = 4BYTE
1 ?

S9 X

16BYTE# 1
ERETET ?

BERBEE

ON

o~ ~
4 \i
i HRAEE
EErBHES RE F
R E (8FH) <
Y
%R
) —

Procedure design flow chart for fixed address
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T™1638

Y —

il

—

MNiaf

iR B it ot
( OCOH)

l

f£3% 1BYTE
B iR

l

EFfREN
it ( OC1H)

l

£ 1% IBYTE
B iR

BR#E

MCUH] 2

ERE
FEA

i

% TE4BYTE
g ?

SOX

BRBEE
T2

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

LEDI D2 [ED3 T
GRI[, DPY Nori[, DpY (Gri [, DpY Nori[, DpY
NorR ]y _a NeRz |y o NorR ] _a NeR2 |y o
el NSl T Na=le T Nale T
Nor|g | e sa1 /NGRE]g | e sot PNGRE[g | g so7 NGRE]g | e 5610 /1
B e o e N & le o, e N
NGes | ¢ Nale < NGre | ¢ Ncre |y ¢ a |
GRT |, o GRT |, o GRT ¢ o GRT |, o
INGRE ] 5 NGRS |5, INGRE ] 5 GRS |5,
LED LEDS LEDY
NGRL[,  DPY NGRL[, DpY NGRL[,  DPY
NorR ] _a NeRz |y o GR |y  _a
NGB f/ /b NGRS | ¢ f/ lb NGBS | f/ /b
Nor g | e sc2 NGRE]g | e sGs /NGRE g | ¢ SG8
ot e Naste e Naste e
NGes | ‘ Nal ‘ NGre | ¢
& o 3R | gp
LEDI3 LEDI4 LEDIS
GRL[, DPY GRI[, DPY GRI[, DPY
GR |y  _a GR2|p  _a GR |y  _a
NGRS e [y NGRS e[ [ NGRS e[ [y
NGRa |q | g sG3 /N\GRA|q | g sc6 /\GRA|q | g SG9
Naste e Naste e Naste e
Nai ¢ NGRo | ‘ NGre |; T ¢
INGRT | o INGRT | o INGRT | o
NGRS |5 NGRS | 5, GRS |5,
% » % % % % %
Q Q Q Q Q Q Q
8 o] Q g g Q g
s s st S14 s17 20 23
—_— —_— —_— —_— —- —_—
L 5 o + o o L 5 o L 5 o L o o f -5 o + o o
KI
% 5] 2 SH S5 oI o4
—_— —_— —- —-
+—O O‘l —O [e} +—O [e] +—O O +—O O‘l +—O O‘l O O‘l K2
6 7 8 9 0 S 553
— —
L—C O‘l L—C Oﬁ L—o O‘l E— O‘l L—o O‘l = O‘l L——C Oﬁ K3 w
W
R
ed 5
= KT —RD
) T
I K
K1 . S1B
fa o K STB L
—La K aK [—
SR 100uF——C2 e Bk oy [ DO
104 J S v GND [ — o ol St
: Sl SEGUKSI  GRDIL R o
4 2| SEGYKS  GRID2 — .
SEGYKS3  GRID3 o o1
SEG#/KS}  GRID4 GKS
IR BB B S®HVDD, Shasikss  GRDS GR6
GNDZ [E][e] B R IR 45 SEGTKST ~ GND o
SEGEKSS  GRD7 |—— o | ?&
SEG9 GRS |8
SEGI0 DD [——
MIG3S

Chart(16)

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

www.titanmec.com
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pw D> o
w  OLO0 00 &
:
VP3 pEC [ N N A A R DD
B 0T oL mE im0
—|eN|en |t | [\O |0~ | — |||t (n|\o| S|
rrrrrrrr oo | o | | |
2221322213 oooooJoo
. ree
C I
A & RII
P! {1
10K
+cl K K STB ax
= ; K Ik ak
SR Voo K3 a DD
104 e Do e
VDD GND [ o -
! G SEGUKSI  GRDI ak # o
< SEGYK® ~ GRD2 R 4{ o
3 | SEGYKS  GRID3 Grs o
SEGVKS}  GRD4 GRy
EREEBE B S H VDD, o] SEGYKS  GRDS Gry
GNDz [a][E 3 R i 4a. SEGUKS? ~ GND o
SEGYKS  GRD7 GRT Y%
SEGY GRIDS
SEGI10 VDD ——
TMI638
2 » » » » e »
Q Q Q Q Q Q Q
8 g @ g g ) o)
ss 8 sl si4 s17 20 3
— — —
»—O O »—O O »—O O »—O O- = ol O —O O —O O
K1
% ) S SH S o S
— — — —
»—O O »—O O »—O O »—O [ »—O O- s O O »—O O
5% 7 8 S0 50 S 53
L—o O- L—o O- L—oO O- L—o O- L—o O- L—o O- L—oO O-
Chart(17)

Notice: 1. the filter capacity between VDD and G\D should near TM1638 chip when PCB layout

to enhance filter effort.

2. The 3 100p capacity connectDIO, CLK, STB port could reduce the interference

to camunication port.

3. because the break-over reduce voltage of blue-ray digitron about 3V, TM1638
supply electronic should choose 5V.

12. Electric parameter

Limit parameter(Ta =250, Vss=0V)

Parareter Symbol Range Unit
Logic poner voltage VDD -0.5 ~ +7.0 \
Logic input voltage VI1 -0.5~ VDD + 0.5 \
LED Seg driver output O 50 A
current
LED Grid driver output o0 4200 A
current
Poner consurption PD 400 nwW
www.titanmec.com
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TM1638
Work terperature Topt -40 ~ +80 0
Stock terperature Tstg -65 ~ +150 a
Normal work range(Ta=-20 ~ +700 , Vss=0V)
: : : Test
Parareter Syrbol Min Typical| Mex Uit condition
Logic powner voltage VoD 5 \ -
High level input voltage VIH 0.7 VD - VED \ -
High level input voltage VIL 0 - 0.3 VD \ -
Electric feature( Ta=-20~ +700 , MI(D=4.5~ 55V, Vss=0
\
Parareter Synbol Min | Typical| Max Unit Test condition
Toh 20 | 25 | -40 | mA Segiisegt,
. Vo = vdd-2Vv
High level output
current Seel0Seel 1
) ) ) gluseglit,
Ioh2 20 30 50 mA Vo = vdd-3V
Lowv level output 01 80 140 i A Grid10Grid6
current Vo=0.3V
Low level autput | 74 ¢ 4 - - A \O = 0.4V, dout
current
Calo1aecvlet1y cLOtIr e Ttols - - 5 % WweMDE 3,
put & ° Segl~ Segl1
current
Qutput falling RL 10 KD K10K3
resistance
Input current IT - - 01 OoA VI = VDD / VSS
High level input 0.7
voltage VIH \OD - \% CLK, DIN, STB
Low level input 0.3
voltage VIL - - \OD \Y CLK, DIN, STB
Delay voltage W - 0.35 - \ CLK, DIN, STB

www.titanmec.com
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Active current

T™1638

consumption IDDdyn - - 5 mA No load, show turn-off
Snvitch feature( Ta=-20~ +700 , MM D =4.5~ 5.5V)
Parareter Symbol| Min | Typical| Mex Uit Test condition
Oscillation fosc - 500 - KHz R =16.5 KO
tPLZ - - 300 ns K 0O Dadr
Transmit delay
tme tPZL - - 100 ns CL = 15pF, RL = 10K O
TTZH 1 - - 2 0s Segl~ Seg11
. . CL =
Rising time
s TH 300p F|  Grid1~ Grid4
’ - - 0.5 Os Seg12/Grid7~
Seg14/Grids
Falling time TTHZ - - 120 0s CL = 300pF, Segn, Gridn
Mex clock Frex | 1 ; ; Mz Duty ratio 5%
frequency
Input capacity c - - 15 pF -

Timing feature ( Ta =-20 ~

+700 , VDD =45 ~ 55V)

Parareter Synmbol Min | Typical| Mbx | Unit| Test condition

Clock pulsewidth PACLK 400 - - ns -
Gate pulse width PASTB 1 - - 0s -

Data building | genp | 00 - - | ns -

time

Data stock time tHOLD 100 - - ns -

CLK O STB tine teLK 1 - - 0s CLKO O STBO

STB
Waiting tine WALT 1 - - 0s CLKO O CLKO

www.titanmec.com
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Timing wave chart:

PW.

STB

CLK

PWecik

tHoLo

(

Si/Gn

trLz

? trzn
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T™M1638
13.Package Size

b d ,-’I: \ B o (mm) | B K (o) B A (mw) om)
1 18.0 1. 043TYP
0. 4064TYP 0.70 | g0
1. 27TYI 1. 395T¥P
0.91TYP 0. 508TYP
B 9.90 10, 30 0. 508TYP
.42 © TYP
8. OTY TYP
. 24 2. 44 TYP
0.204 0. 33 A TYP
0.10 0.2

LR EE LR R R

Y //— b 3. 0040, 08

o trimn |

| —FEFAITABAEAREE 474

a ||

=
s
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