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Feature

Operating voltage: 4.5V~5.5V

Integrated RC oscillator

I’C-bus interface

16*8 bits RAM for display data storage

Max. 16 x 8 patterns, 16 segments and 8 commons
R/W address auto increment

Max. 13 x 3 matrix key scanning

16-step dimming circuit

Selection of 20/24/28-pin SOP package types

Applications

Industrial control indicators

Digital clocks, thermometers, counters, multimeters
Combo sets

VCR sets

Instrumentation readouts

Other consumer applications

LED Displays

General Description

The HT16K33 is a memory mapping and multi-function LED controller driver. The max. Display
segment numbers in the device is 128 patterns (16 segments and 8 commons) with a 13*3 (MAX.)
matrix key scan circuit. The software configuration features of the HT16K33 makes it suitable
for multiple LED applications including LED modules and display subsystems. The HT16K33 is
compatible with most microcontrollers and communicates via a two-line bidirectional I*C-bus.

Rev. 1.10
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Block Diagram

POR com7
vbD <>_> Power_on | POR " CoMe
reset COMS5
Common scan output
VSS ()1 Key scan output com4
—— Device address source COM3/KS2
- output
COM2/KS1
| COM1/KS0
COMO/AD
POS
Internal Timing &
> RC —{ generator
SDA ()4—» Oscillator
ﬂ POR ROWO0/A2
12C ROW1/A1
Controller EOR
Display RAM ROW2/A0
16*8bits
SCL —> <7 > > ROWS3/K1
( Row driver output i
Interrupt function output
Key data input i
L Keydata Jﬂ Device address data ROW12/K10
RAM input
< 13*3bits [ ROW13/K11
| ROW14/K12
ROW15/K13/ INT
< A[2:0]
Rev. 1.10 2 May 16, 2011



HT16K33

RAM Mapping 16*8 LED Controller Driver with keyscan

Pin Assignment

vss [ 1 20 [ vDD
COMO/AD [] 2 19 [ SDA
COM1/KS0 ] 3 18 [ SCL
COM2/KS1 [ 4 17 [0 ROWO/K1
COM3/KS2 [ 5 16 [0 ROW1/K2
coM4 6 15 [ ROW2/K3
coM5 [ 7 14 [ ROW3/K4
come [ 8 13 [11 ROW4/K5
CoM7 [ 9 12 [7] ROW5/K6
ROW7/K8/INT [] 10 11 11 ROW6/K7
HT16K33
20 SOP-A
vss 01~ 241 vDD
COMO/AD []2 23 [1 SDA
COM1/KS0 []3 22 [0 scL
COM2/KS1 []4 21 [0 ROWO/A1
COM3/KS2 []5 20 [J ROW1/A0
com4 6 19 [0 ROW2/K1
coms 7 18 [J ROW3/K2
CoM6 8 17 [ ROW4/K3
com7 9 16 [1 ROWS5/K4
ROW11/K10/INT 10 15 [1 ROW6/K5
ROW10/K9 11 14 [0 ROW7/K6
ROWO/K8 12 13 [ ROWS/K7
HT16K33
24 SOP-A
vssC]1 = 28fvoD
COMO/AD []2 27 [ SDA
COM1/KS0 3 26 [1 SCL
COM2/KS1 4 25 [] ROWO0/A2
COM3/KS2 5 24 [J ROW1/A1
COM4 6 23 [1 ROW2/A0
COMS []7 22 [ ROW3/K1
COM6 8 21 [1 ROW4/K2
COM7 9 20 [ ROW5/K3
ROW15/K13/INT [ 10 19 [ ROW6/K4
ROW14/K12 ] 11 18 [ ROW7/K5
ROW13/K11 []12 17 [ ROW8/K6
ROW12/K10 13 16 [ ROW9/K7
ROW11/K9 14 15 [ ROW10/K8
HT16K33
28 SOP-A

Rev. 1.10

HOLTEK i ;



HOLTEK i ’

HT16K33

RAM Mapping 16*8 LED Controller Driver with keyscan

Pin Description

Pin Name Type Description
SDA I/0 |I’C interface Serial Data Input/Output
SCL | |I’C interface Serial Clock Input
Voo — |Positive power supply for logic circuit
Vss — |Negative power supply for logic circuit, ground
e Common output pin, active low during display
COMO/AD O |e Also used as device address source output pin, active high during
power on reset and key scan
e Common output pin, active low when displaying
COM1/KSO0~COMS3/KS2| O |e Also used as the Key source output pin, active high during key scan
operation
COM4~COM7 O |e Common outputs pin, active low during display.
28 Pin package
e ROW output pin, active high when displaying
ROWO0/A2~ROW2/A0 | I/O |e Also used as the device address data input pin, internal pull-low

during power on reset and during key scan operation

e ROW outputs pin, active high during display.

ROW3/K1~ROW14/K12| 1/O |e Also used as the Key data input pin, internal pull-low during key scan
operation
e When the “INT/ROW” bit of ROW/INT set register is set to “0”, this
pin become a Row driver output pin, active high when displaying, and
Key data input during key scan operation.
e When the “INT/ROW” bit of ROW/INT set register is set to “1”, this
ROW15/K13 /INT 110 pin become Interrupt signal (INT) output pin.
e INT pin output active-high when the “act” bit of the Row/int setup
register is set to “0”.
o INT pin output active-high when the “act” bit of the ROW/INT
register is set to “1”.
24 Pin package
e ROW output pin, active high when displaying
ROWO/A1~ROW1/A0 | I/O |e Also used as the device address data input pin, internal pull-low
during a power on reset and during a key scan operation
e ROW outputs pin, active high when displaying
ROW2/K1~ROW10/K9| I/O |e Also used as the Key data inputs pin, internal pull-low during a key
scan operation
e When the “INT/ROW” bit of ROW/INT set register is set to “0”, this
pin become a Row driver output, active high when displaying, and
Key data input during a keyscan operation
e When the “INT/ROW” bit of ROW/INT set register is set to “1”, this
ROW11/K10/INT 1/0 pin become an Interrupt signal (INT) output pin.
o INT pin output active-high when the “act” bit of the Row/int setup
register is set to “0”.
o INT pin output active-high when the “act” bit of the Row/int setup
register is set to “1”.
20 Pin package
e ROW output pin, active high when displaying
ROWO0/K1~ROWG/K7 | I/O |e Also used as the Key data inputs pin, internal pull-low during a key
scan operation
e When the “INT/ROW” bit of the ROW/INT setup register is set to “0”,
this pin become a Row driver output, active high when displaying,
and Key data input during a key scan operation
e When the “INT/ROW” bit of the ROW/INT set register is set to “1”,
ROW?7/K8 /INT I/0 | this pin become an Interrupt (INT) signal output pin

o INT pin output active-high when the “act” bit of ROW/INT setup
register is set to “0”

o INT pin output active-high when the “act” bit of the ROW/INT set
register is set to “1”

Rev. 1.10
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Approximate Internal Connections

SCL, SDA (for schmit Trigger type) ROW2/A0~ROWO/A2, ROW15/K13/INT
ROW3/K1~ROW14/K12
VDD VDD
- -
R - R
VSS VSS
COMO/AD, COM1/KS0~COM3/KS2 COM4~COM7
VDD
4
4
4
L g O VSS
L 2 O VSS
Absolute Maximum Ratings
SUPPLY VOIEAZE et V-0.3V to Vi t+6.5V
INPUL VOILAZE ..ottt V0.3V to V0.3V
StOrage TEMPETATUTE .....cc.eeueeuieieierierierierte ettt ettt ettt et ettt et e sbe b b -50°C to 125°C
Operating TEMPETALUIE .........c.eevereeuerieeirieieiet ettt ese sttt eesesee e seseeneseens -40°C to 85°C

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximum
Ratings” may cause substantial damage to the device. Functional operation of this device at other
conditions beyond those listed in the specification is not implied and prolonged exposure to extreme
conditions may affect device reliability.

Rev. 1.10 5 May 16, 2011
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D.C. Characteristics

Vpp =4.5~5.5V; Ta=25°C (Unless otherwise specified)

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Conditions
Vpp | Operating Voltage — — 4.5 5 5.5 \%
. No load, normal operation,
loo Operating Current 5 INT/ROW bit is set to “0” — 1 2 mA
ls;s | Standby Current 5 |No load, standby mode — 1 10 MA
Viu Input high Voltage 5 |SDA,SCL 0.7Vpp — Voo \%
Vi Input Low Voltage 5 |SDA, SCL 0 — 0.3Vpp
I Input leakage current — | Vin=Vsgs or Vpp -1 — 1 MA
ROW3/K1~ROW15/K13,
Rp.  |Input pull-low resistor 5 |ROWO0/A2~ROW2/A0 Keyscan| 250 — — KQ
during
lout Low level output current 5 |Vo=0.4V; SDA 6 — — mA
loLz ROW Sink Current 5 |Vo =0.4V, INT pin 6 — — mA
Vor=Vpp-2V, (ROW0~ROW15 pin) | -20 -25 -40 mA
los | ROW Source Current 5
Vou=Vpp-3V, (ROW0~ROW15 pin ) | -25 -30 -50 mA
ROW Source Current _ 5 . o
| math tolerance 5 | Voy=Vpp-3V, (ROWO~ROW15 pin ) — — 5 %o
lois | COM Sink Current 5 |V=0.3V, (COMO~COM?7 pin) 160 200 — mA
lonz | COM Source Current 5 |Vou=Vpp-2V, (COMO~COMS3 pin) -20 -25 -40 mA
A.C. Characteristics
Vpp =4.5~5.5V; Ta=25°C (Unless otherwise specified)
Test condition
Symbol Parameter Min. Typ. Max. Unit
Voo Condition
teo LED Frame time 5 1/9 Duty 7.6 9.5 114 ms
tore Vpp OFF Time — | Vpp drop down to OV 20 — — ms
tsr Vpp Slew Rate — — 0.05 — — Vims

Note: 1. If the Power on Reset timing conditions are not satisfied in the power ON/OFF sequence, the internal
Power on Reset circuit will not operate normally.

2. If VDD drops below the minimum voltage of the operating voltage spec. during operating, the Power on
Reset timing conditions must also be satisfied. That is, VDD must drop to 0V and remain at OV for 20ms (min.)
before rising to the normal operating voltage.

Rev. 1.10
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A.C. Characteristics

Test condition
Symbol Parameter Min. Max. Unit
condition
fscL Clock frequency — — 400 kHZ
) Time in which the bus must be free before a new
teur Bus free time L 1.3 — us
transmission can start
tuo. sta | Start condition hold time | After this period, the first clock pulse is generated| 0.6 — us
tow |SCLLow time — 1.3 — us
tuen | SCL High time — 0.6 — us
tsu.sta | Start condition set-up time | Only relevant for repeated START condition. 0.6 — us
tuo.par | Data hold time — 0 — us
tsu.oar | Data set-up time — 100 — ns
t, Rise time Note — 0.3 us
t Fall time Note — 0.3 us
tsu.sto | Stop condition set-up time — 0.6 — us
tan Output Valid from Clock — — 0.9 us
t Input Filter Time Constant Noise suppression time — 50 ns
s» | (SDA and SCL Pins) PP

Note: These parameters are periodically sampled but not 100% tested.

Timing Diagrams

e I’C Timing
T W 7 -nN [ £
spA N x
' B | u 1\ T
t—t - tsu:pAT tBpF
T trow t T tHD{STA tsp |
1 1
SCL \
——{ tHD:5DA| l— |« C —| T tsu:sT o
s tHD:DAT tHIGH tsuy STAS P s
i lLsr | —

SDA
ouTt

e Power-on Reset Timing

VoD —— /7
<4— 1SR

toFF

Rev. 1.10 7
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Functional Description

Power-on Reset

When power is applied, the IC is initialised by an internal power-on reset circuit. The status of the
internal circuit after initialisation is as follows:

System Oscillator will be in an off state

COMO~COM3 outputs are set to Vpp

COM4~COM?7 outputs will be high impedance

All Rows pins are changed input pins

LED Display is in the off state.

Key scan stopped

The combined Row/INT pins are setup as ROW outputs
Dimming is set to 16/16duty

Data transfers on the I’C-bus should be avoided for 1 ms following a power-on to allow completion
of the reset action.

Standby Mode

In the standby mode, the HT16K33 can not accept input commands nor write data to the display
RAM except using the system setup command.

If the standby mode is selected with the “S” bit of the system setup register set to “0”, the status of
the standby model is as follows:

System Oscillator will be in the off state

COMO~COM3 outputs are set to VDD

COM4~COM7 outputs will be high impedance

LED Display is in the off state.

Key scan stopped

All key data and INT flags are cleared until the standby mode is canceled.

If the key matrix is activated (any key) or the “S”™ bit of the system setup register is set to “1”, the
standby mode will be canceled and will cause the device to wake-up.

If the “INT/ROW” bit of the ROW/INT setup register is set to “0”, all rows pins are changed to
input pins.

If the “INT/ROW? bit of the ROW/INT setup register is set to “1”: all rows pins are changed to
input pins except for the INT pin (output).

The INT pin output will remain at a high level when the “act” bit of the ROW/INT setup register
is set to “0”.

The INT pin output remains at a low level when the “act” bit of the ROW/INT setup register is set
tO “13’.

Rev. 1.10
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Wake-up
e Wake-up by a key press from any key or by setting the “S” bit of the system setup register to “1”.
A key scan will then be performed.
e The System Oscillator restarts for normal operation.
e The previous display data output will be updated by Each Mode command set.

e The relationship between the Wake-up and any key press is shown as follows:

Press Press Release Press
A A
’ Release key | ’ Release key ‘
Any key ! i :
> < |
| 2 frame cycle ‘ ' | 2 frame cycle
I <2 frame cycle I
INT flag or INT pin output } | } ‘
(When the act bit is setto “1” ) ! ! } ! }
1. Key data are updated 1. Key data are updated
Read key data command 2. Slave address are updated 2. Slave address are updated

set from MCU !

| ‘/\
When after the key data has been
Standby mode command read,Clears the key data RAM.

read,Clears the key data RAM. H
set from MCU

I
I
|
|
I
|
i
I
|

When after the key data has been }
I
|
I
'
|
I

Wake-up |
|
I
|

Normal active status Normal active status

HT16K33 operation status
H&andby status———— |

e In the sleep mode, KS0-K1 or KS1-K1 can not wake-up the device when the KS2-K1 keys are
kept pressed down. It is a prohibited application as shown in the following figure.

These key can not walk-up IC  keep press down the key

COM1/KS0

COM2/KS1

COMB3/KS2

Row0/K1 Row1/K2 Row2/K2

Rev. 1.10 9 May 16, 2011
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System Setup Register

The system setup register configures system operation or standby for the HT16K33.

e The internal system oscillator is enabled when the ‘S’ bit of the system setup register is set to “1”.

e The internal system clock is disabled and the device will enter the standby mode when the “S” bit
of the system setup register is set to “0”.

e Before the standby mode command is sent, it is strongly recommended to read the key data first.

e The system setup register command is shown as follows:

Command / Address / Data X L.
Name Option Description Def.
D15/ D14 |D13 D12 D11 |D10| D9 | D8
Defines internal system oscillator
s} on/off

System . e {0}:Turn off System oscillator
set 0|0 1 0| X | X | X | S Vg/:lte (standby mode) 20H

Y e {1}:Turn on System oscillator

(normal operation mode)

ROWI/INT Set Register
The ROW/INT setup register can be set to either an LED Row output, or an INT logic output.

e The INT output is selected when the ROW/INT set register is set to “1”.
e The ROW output is selected when the ROW/INT set register is set to “0”.
e The INT logic output can be configured as an INT output level controlled by the keyscan circuitry

and controlled through the 2-wire interface.

e The INT output is active-low when the ‘act’ bit of ROW/INT set register is set to “0”.
e The INT output is active-high when the ‘act’ bit of ROW/INT set t register is set to “1”.

e The ROW/INT setup register command is shown as follows:

Command / Address / Data

Name Option Description Def.
D15/D14|D13|D12|D11|D10| D9 | D8
e Defines INT/ROW output pin
select and INT pin output active
level status.
wint ! rof;‘/‘i’;’t} « {X 0}: INT/ROW output pin is
set 1 0 1 0| X | X |act int | Write set to ROW driver output. AOH
only e {0, 1}: INT/ROW ou_tput pin is
set to INT output, active low.
e {1, 1}: INT/ROW output pin is
set to INT output, active high.
Rev. 1.10 10 May 16, 2011
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Display Setup Register
The display setup register configures the LED display on/off and the blinking frequency for the
HT16K33.

The LED display is enabled when the ‘D’ bit of the display setup register is set to “1”".

The LED display is disabled when the ‘D’ bit of the display setup register is set to “0”.

In the display disable status, all ROW outputs are hi-impedance and all COM outputs are high-
impedance during the display period.

In the display disable status, all ROWs are changed to an input status and the COM0~COM3
continues scanning and COM4~COM?7 outputs are high-impedance during the keyscan period.

The display blinking capabilities of the HT16K33 are very versatile. The whole display can be
blinked at frequencies selected by the Blink command. The blinking frequencies are integer
multiples of the system frequency; the ratios between the system oscillator and the blinking
frequencies depend upon the mode in which the device is operating, is as follows:

Blinking frequency = 2Hz

- “‘““ ““““ """""""‘““““““““““““ """""""""""""“"‘“"""""""""‘““““““““““““
Turn On jA Turn Off
0255 | 0.25s
sle »l
N Blink On o Blink Off .
Example of Waveform for Blinker
e The display setup register command is as follows:
Command / Address / Data X L.
Name Option Description Def.
D15|D14 D13 D12 |D11 |D10| D9 | D8
{D} |Defines Display on/off status.
Write | e {O}: Display off
only |e {1}: Display on
Display Defines the blinking frequency
set ! 0 0 0| X |B1|BOID {8180} | ® {0,0} = Blinking OFF 80H
Write | e {0,1} = 2HZ
only |e{1,0}=1HZ
e {1,1}=0.5HZ
Rev. 1.10 11 May 16, 2011
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System Oscillator

e The internal logic and the LED drive signals of the HT16K33 are timed by the integrated RC
oscillator.

e The System Clock frequency determines the LED frame frequency. A clock signal must always be
supplied to the device; removing the clock may freeze the device if the standby mode command is
executed. At initial system power on, the System Oscillator is in the stop state.

Display Data Address Pointer

The addressing mechanism for the display RAM is implemented using the address pointer. This
allows the loading of an individual display data byte, or a series of display data bytes, into any
location of the display RAM. The sequence commences with the initialisation of the address pointer
by the address pointer command.

Key Data Address Pointer

The addressing mechanism for the key data RAM is implemented using the address pointer. This
allows the loading of an individual key data byte, or a series of key data bytes, into any location of
the key data RAM. The sequence commences with the initialisation of the address pointer by the
Address pointer command.

Register Information Address Pointer

The addressing mechanism for the register data and Interrupt flag information RAM is implemented
using the address pointer. This allows the loading of an individual register data and Interrupt flag
data byte, or a series of register data and Interrupt flag data bytes, into any location of the register
data and Interrupt flag information RAM. The sequence commences with the initialisation of the
address pointer by the Address pointer command.

Row Driver Outputs

The LED drive section includes 16 ROW outputs ROWO0 to ROW15 which should be connected
directly to the LED panel. The Row output signals are generated in accordance with the multiplexed
column signals and with the data resident in the display latch. When less than 15 ROW outputs are
required the unused Row outputs should be left open-circuit.

Column Driver Outputs

The LED drive section includes eight column outputs COMO to COM7 which should be connected
directly to the LED panel. The column output signals are generated in accordance with the selected
LED drive mode. When less than 8 column outputs are required the unused column outputs should
be left open-circuit.

Rev. 1.10 12 May 16, 2011
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Display Memory — RAM Structure

e The display RAM is a static 16 x 8 -bits RAM which stores the LED data. Logic “1” in the RAM
bit-map indicates the “on” state of the corresponding LED Row; similarly, a logic 0 indicates the
“off” state.

e There is a one-to-one correspondence between the RAM addresses and the Row outputs, and
between the individual bits of a RAM word and the column outputs. The following shows the
mapping from the RAM to the LED pattern:

comMo ROWO0 ROW?7 | ROWS8 ROW15
COomMo 00H 01H
COM1 02H 03H
COM2 04H 05H
COM3 06H 07H
COM4 08H 09H
COM5 O0AH 0BH
COM6 O0CH ODH
com7 OEH OFH

e I°C bus display data transfer format

Data byte of I’C D7 D6 D5 D4 D3 D2 D1 Do
7 6 5 4 3 2 1 0
ROW
15 14 13 12 1 10 9 8

LED drive mode waveforms and scanning is as follows:

e The HT16K33 allows use of 1/9 duty mode and the combined ROW/INT pin is set to a ROW
driver output as shown:

| |
| |
< 1 Frame=1056us*9=9.504ms >
} Key scan !
| |
ROWO/A2~ROW2/A0 h LED Display period !
‘ l --- VDD
ROW3/K1~ROW15/K13 u‘ml“ W’U Nyps H H H H
i 6 ! AN ‘ ——- VSS
Iy us | | 1-Z o
CoMD izl P lHig | ! | Hiz VoD
(AD) Low ! ! | | ! 1| Low L
BV R o i
CoMt | Hiz ! | Hiz ! B
(kso) | LOW [y, ! ! i 1324 ow
} Mu i i | > ! -—= ‘>/[S)[s)
COM2 ! Hiz i | | Hiz | W] 1
‘ t t . . it
(KS1) } } LOW i i } } } o VsS
COoM3 | Hi-z | | Hi-z * m | Hi-z ~== Vb
(. Low ! ! s
- 1040 s> , 1 | ——— VDD
| Hiz Hiz ! I
COM4 —— Low i !
i ! i --- VS§
- o ! -—- VDD
COMS } Hiz on Hiz ! }
| | | --- V§§
- b --- VDD
|
COM6 % Hi-z o } Hi-z :
! | ! --- VS§
. ! - R —
Ccom? ; Mz o % ! Hi-z
| | | ——— VSS
| ! |
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e Key scan period enlargement

Key scan period
1024 ps

\

. Hi-Z . VDD
como/ap —H-Z ..

vss
VDD

COM1/KSO
vss
VDD

COM2/KS1
vss
VDD

COM3/KS2
vss
VDD

COM4~COM6
vss
| . VDD

CoM7
Low | VSS

—

ROWO0/A2~ROW2/A0 vDD
ROW3/K1~ROW15/K13 VSS

Key data and Slave address are updated

Note: The ROW/IN combined pin is set to a Row driver output.
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Digital Dimming Data Input

The Display Dimming capabilities of the HT16K33 are very versatile. The whole display can be
dimmed using pulse width modulation techniques for the ROW driver by the Dimming command,

as shown:
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8

ROW driver output pulse width | Def.
1 1 1 0 P3 P2 P1 PO
1 1 1 0 0 0 0 0 1/16 duty —
1 1 1 0 0 0 0 1 2/16 duty —
1 1 1 0 0 0 1 0 3/16 duty —
1 1 1 0 0 0 1 1 4/16 duty —
1 1 1 0 0 1 0 0 5/16 duty —
1 1 1 0 0 1 0 1 6/16 duty —
1 1 1 0 0 1 1 0 7/16 duty —
1 1 1 0 0 1 1 1 8/16 duty —
1 1 1 0 1 0 0 0 9/16 duty —
1 1 1 0 1 0 0 1 10/16 duty —
1 1 1 0 1 0 1 0 11/16 duty —
1 1 1 0 1 0 1 1 12/16 duty —
1 1 1 0 1 1 0 0 13/16 duty —
1 1 1 0 1 1 0 1 14/16 duty —
1 1 1 0 1 1 1 0 15/16 duty —
1 1 1 0 1 1 1 1 16/16 duty Y
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e The relationship between ROW and COM Digital Dimming duty time is as follows:

< 1040 ps >
COM(n) — —
< 1024 ps

1/16 duty T

2/16 duty

\ 4

3/16 duty

4/16 duty

5/16 duty

6/16 duty

7/16 duty

8/16 duty

9/16 duty

10/16 duty

11/16 duty

12/16 duty

13/16 duty

14/16 duty

15/16 duty

16/16 duty

ROW(n)
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Keyscan

COMI1/KS0

COM2/KS1

COM3/KS2

The keyscan logic uses one, two or three of the KS0, KSland KS2 logic outputs. An interrupt
output that flags a key press is optional. The INT flag can be read (polled) through the serial
interface, allowing INT/ROW15 to be used as a general purpose logic output or as a ROW open-
drain driver.

One small-signal diode is required per key switch when more than one key is connected to KSO,
KS1 or KS2. The diodes prevent two simultaneous key switch depressions from shorting the
COM drivers together. For example, if SW1 and SW14 were pressed together and the diodes
were not fitted, COM1/KS0 and COM2/KS1 would be shorted together and the LED multiplexing
would be incorrect.

The keyscanning circuit utilises the COM1/KS0 to COM3/KS2 outputs high as the keyscan output
drivers. The outputs COMO to COM?7 pulse low sequentially as the displays are multiplexed. The
actual low time varies from 64ps to 1024ps due to pulse width modulation from 1/16th to 16/16th
for dimming control. The LED drive mode waveforms and scanning shows the typical situation
when all eight LED cathode drivers are used.

The maximum of thirty-nine keys can only be scanned if the scan-limit register is set to scan the
maximum KSO0 to KS2.

The keyscan cycle loops continuously over time, with all thirty-nine keys experiencing a full
keyscanning debounce over 20ms. A key press is debounced and an interrupt issued if at least one
key that was not pressed in a previous cycle is found to be pressed during both sampling periods.

The keyscan circuit detects any combination of keys pressed during each debounce cycle (n-key
rollover).

The INT output is active-low when the “act” bit of row/int set register is set to “0”.

The INT output is active-high when the “act” bit of row/int set register is set to “1”.

SEG4/K2
SEG5/K3
SEG6/K4
SEG7/K5
SEG8/K6
SEG9/K7
SEG10/K8
SEG11/K9

&
o)
Q
o
7

SEG12/K10
SEG13/K11
SEG14/K12
SEG15/K13
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Keyscan Timing
The Slave addresses are updated on the keyscan timing as shown:

IF

| | |
i i i
| | | ‘
i i i
{«— Display period Key scan period Display period Key scan period Display period Key scan period— i«— Display period——»/=t-Key scan period—
| | | | | |
i i i i i !
i i i i i
COMO/AD ! AD ! AD ! AD ! m ! AD |
i i i i - i
i i i i i
i i i i i
i i i i i
COMI/KSO 1 KS0 | KS0 | KS0 | i | KS0
i i i i i
T T T T 1 T T
i i i i i
i ! i ! i ! i i ! !
| ! | ! | ! | | ! |
COM2/KSI ! KSI i ! KS1 i ! KS1 i i i ! KS1 !
i i i i i
T T T T Bl T
: | | | | | | : |
i i i i
COM3/KS2 ! KS2 ! K2 ! KS2 it ! KS
1! —
Input Input mode Input mode Input mode
ROW0~15
le——1 Cycle—»] l——2 Cycle—»] l«——3 Cycle—»] [¢——n Cycle—»]
i
Slave address are Slave address are Slave address are Slave address are
updated updated updated updated

Keyscan & INT Timing
e The key data is updated and the INT function is changed for keys that have been pressed after 2
key-cycles.
e The INT function is changed when the first key has been pressed.

e When after all the key data has been read that clears the key data RAM and the int flag bit is set to
“0”, the INT pin goes to low when the “act” bit of the row/int set register is set to “1”.

e When after all the key data has been read that clears the key data RAM and the int flag bit is set to
“0”, the INT pin goes to high when the “act” bit of the row/int setup register is set to “0”.

e The INT flag register is shown below.

e I’C bus display data transfer format

D7 D6 D5 D4 D3 D2 D1 DO
INT flag register

(address point at 60H)

INT flag | INT flag | INT flag | INT flag | INT flag | INT flag | INT flag | INT flag

e The relationship between keyscan signal to the INT signal time is shown below:

1. When a key is pressed on the KSO row

Press key

KSO0

|
|
|
KS1 l
|
|
|
|
|
|
|

KS2

INT_flag ‘

INT pin
(active low)

INT pin
(active high)
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2. When a key is pressed on the KS1 row

Press key

KSO0 j j

KS1

ml mE
] ]

|
|
|
|
|
T
|
|
|
|
|
T

KS2

:4—1 CyclH} l-—2 cycle—h‘
|

INT_flag ‘
INT pin

(activelow) ~ T T T TTTTTTTTT T T oI T oo T oo oo oo oo m e
INT pin
(active high)

3. When a key is pressed on the KS2 row

Press key

KSO

N

KS2

I
I
! i
! I
! I
i |
KS1 : ;
! I
I
I
I
I
i

-1 cycle—»} +—2 cycle—w!
! |

INT_flag ‘
INT pin

(active low) Tt TTTTTToTTTToTTTTTTTTTTTTTTTT
INT pin

(active high)
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e Key pressed during a keyscan cycle period. (i.e. the key is pressed on the KS2 row)

Key data are updated

Press first key Release key Press second key
i \ Release key

’ 1 Cycle ’ 2 Cycle ’ 3 Cycle ’ 4 Cycle ’ 5 Cycle ’ 6 Cycle ’ 7 Cycle
Keyscan ]
-
Key scan period ‘
INT flag
NTpin
(active low)
INTpin ]
(active high) A A
The key data are updated when When after the all key data has been read:
the interrupt asserted if required 1. Clears the key data RAM.

2. The INT flag bit is set to"0”
3.The INT pin goes to low when "act” bit is setto “1”
4.The INT pin goes to high when "act” bitis ise to “0”

e Key pressed during an LED display period. (i.e. the key is pressed on the KS2 row)

Key data are updated
Press first key Release key Press second key \ Release key

l ’ 1 Cycle ’ 2 Cycle \ ’ 3 Cycle l ’ 4 Cycle ’ 5 Cycle ’ 6 Cycle ’ ***********************
Keyscan T T
>
I I
Key scan period ‘ ‘
INT flag
INTpin
(active low)
INTpin
(active high) A
When after the all key data has been read:
I et asseted f requred 1 Clears the key data RAML
P q 2. The INT flag bit is set to"0”

3.The INT pin goes to low when "act” bit is setto “1” .
4.The INT pin goes to high when "act” bitisiseto “0”
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Key Data Memory — RAM Structure

e The RAM is a static 16 x 3 -bits RAM which stores key data which keys have been detected
as key data by the key scanning circuit. Each bit in the register corresponds to one key switch.
The bit is set to 1 if the switch has been correctly key data since the last key data register read
operation.

e Reading the key data RAM clears the key data RAM after the key data has been read, so
that future key presses can be identified. If the key data RAM is not read, the key scan data
accumulates. There is no FIFO register in the HT16K33. Key-press order, or whether a key has
been pressed more than once, cannot be determined unless the all key data RAM is read after each
interrupt and before completion of the next keyscan cycle.

e After the all key data RAM has been read, the INT pin output is cleared along with the INT flag
status. If a key is pressed and held down, the key is reported as key data (and an INT is issued)
only once. The key must be detected as released by the keyscanning circuit before it is key data
again.

e The key data RAM is read only. A write to address 0x40~0x45 is ignored.

It is strongly recommended that the key data RAM is read only and should be started form address

0X40H only, the key data RAM of address 0X40H ~0X45H should be read continuously and in

one operation.

e There is a one-to-one correspondence between the key data RAM addresses and the Key data
outputs and between the individual bits of a key data RAM word and the key data outputs. The
following shows the mapping from the RAM to the key data output:

ROW3~15 K1 K8 | K9 K16
COM1/KS0 40H 41H
COM2/KS1 42H 43H
COM3/KS2 44H 45H
e I’C bus display data transfer format

Data byte of I°C D7 D6 D5 D4 D3 D2 D1 DO

K8 K7 K6 K5 K4 K3 K2 K1

kS0 0 0 0 K13 K12 K11 K10 K9

K8 K7 K6 K5 K4 K3 K2 K1

KS1 0 0 0 K13 K12 K11 K10 K9

KS2 K8 K7 K6 K5 K4 K3 K2 K1

0 0 0 K13 K12 K11 K10 K9
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KEY MATRIX CONFIGURATION

An example of key matrix configurations is shown below.

When pressing three or more times is assumed:

A configuration example is shown below. In this configuration, 1 to 39 ON switches can be

recognised.

D D Fany D 4D D D Fany

KS0 U N\ \' A\ A\ A\ A\ A\ () C) () () ()
Van Van\ FanN FanN Fan Fan FanY Fan Van Van D D Ya

KS1 VvV VU VUTUTUTwOUT WU U U YW \)
Van Van Van Van Vany Van Van Van Van Vany Va

KS2 vV U U\U WU\ U U U Y \) () ()
Kl K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 KI3

When pressing twice or more times is assumed:

imian.sl

A configuration example is shown below. In this configuration, 0 to 2 ON switches can be

recognised.

T

KSO«IM I N NN N N N N N, . N N, N, -
| | N2 D D D D 7 2 7 7 72 Y VAN VAN
| |
| |

KSI—— P 000000000
| |
| |

K2——P—— OO0 OO0 OO0
| |
R Kl K2 K3 K4 K5 K6 K7 K& K9 KI0 KIl KI2 KI3

TS

e In this configuration, pressing three or more times may cause the OFF switches to be determined

as being ON.

For example, if SW2, SW4 are ON and KSO has been selected (high level) as shown below, SW3,
in which current I1 is running is supposed to be detected to be ON. However, since SW2 and SW4
are ON, current 12 runs thus resulting in SW1 to be recognised as being ON (ghost key).

Select
FanY FanY Fanl Vany Vanl nY FanY D Va,
T o U o 00— p—p—
O—0—00— DS
-
Fany D Vany Van Y a4 Vany FanN Van o =
T~ U U OO o O = m
K4 K5 K6 K7 K8 K9 K10 KIl K12 KI3
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