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2 Introduction

The MT6301 Touch-Screen Controller IC is a 12-bit successwe approxmatlon ADC with synchronous serlal
interface and low on resistance B

2.6V to 5.5V power supply and
The reference voltage can b
supply current is below 1uA .
With the proprietary power i i ime : itches could be shorten to
alleviate power dissipation m operation. It is especially
benefic when the sampling r
With the low power, high spe
operated portable equipments
touch screen features.

The MT6301 is provided in a TSSOP-16 and QFN-16 packages and operated over wide temperature range.

jhput rate and a 2.8V supply.
nge is from 0V to Vref. The

T6301 is ideal for battery-
al assistants with resistive
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3 Functional Description

3.1 General

The MT6301 is a 12-bit sing
comparator with capacitive
5.5V. The throughput rate co
There are two selected mo ative ances of ADC. One is the
single-ended reference mod and GND pin. The other is
differential reference mode. | /X- or Y+/Y- depending on
register settings, and the ADC ¢ \ equently system calibration
that happened in single-ended reference mode. With the proprietary power-savmg technique, the ON time
of the driver switches are the same in the both mode. Thus saving the power dissipation greatly when
operates in differential reference mode.

The 2 auxiliary inputs facilitate system applications and saving the system cost. It could only be single-
ended reference mode when either of the 2 auxiliary inputs is selected.

The pen interrupt function clearly indicates the touch/un-touch status of the screen. It is a continuous
function with no ambiguity that facilitates the software programming. The /PENIRQ output is free from the
discrete pull-up resistor.

The register settings are accomplished by the serial data interface, and also the outputting of the
conversion result.

Figure.1 shows the block diagram of MT6301.

architecture is a low-power
> supply ranges from 2.6V to
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3.2 ADC Transfer Function

The output coding format is straight binary. The code transitions occur at 0.5 Isbs, 1.5 Isbs, ..., FS-0.5 Isbs.
The LSB size is FS/4096. The ideal transfer function is shown in Fig.2.
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|
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000..010
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Figure 2 MT6301 Ideal Transfer Function

3.3 Apalog Input

The analog input of ADC-Was selected via a 4-to-1 multiplexer as shown in"Fig.1. The input was decided by
3 register bits A2, A1 and A0. Table. 1 shows the register settings of ADC input.

The sampling stage of the ADC samples the selected input for 3 DCLK cycles in sampling phase. The input
capacitance is typical 25pF and a dynamic current was required to charge the input stage. The dynamic
currentywasginereased with the increasinggsamplinggrate oTheginput networkgis ajzRC-effective one. The
voltage difference/between input and the negative reference of ADC will be sampled on the input capacitor.
The lintrinsic effective input series resistance ‘of the MT6301 is about 1000hm. And the specified shortest
samplingtime is 1.5us for a2MHz DCLK.

3.4 Reference Input

The difference between positive and negative reference of ADC define the full swing voltage of ADC input.
Table. 1 showsthe tegister settings of theé\reference input. Thereharedfwornmodes [for/the ADC reference
setting/and is controlled by the register SER/DFR. One is single-ended mode. In this mode;the positive and
negative reference of ADC is from the Vref and GNDipins respectively. Directly driving the Vref pin sets the
full swing of ADC."Usually the Vref'was connected to Vdd to obtain the maximum full"'swing voltage and
better performance. Figure.3 shows the simplified diagram of single-ended reference mode.

The other mode is the fully-differential reference mode. In this mode, the positive and negative reference of
ADC was obtained by the sampling voltages of X+ (or Y+) and X- (or Y-) respectively via two sample and
hold circuits. And ADC will perform the ratio-metric conversion in this mode. Figure.4 shows the simplified
diagram of this mode.

In the touch screen application, there is a compromise when operating in the single-ended mode. Because
of the finite on resistance of the driver switches, the voltage on X+/Y+ and X-/Y- will be different from Vdd
and GND. As a result, a calibration process was needed for mapping the X+/Y+ and X-/Y- voltages to all 1’s
and all 0’s output code to consist the touched point and the acknowledged coordinates. However, when the
temperate and supply voltage varies_with time, the calibration process will be re-performed to assure the
quality of touch screen operation.

In differential reference modé, since the X+/Y#yand X:/Y- voltage was fed into references of ADC, the
voltages on X+/Y+ and X-/Y-'will exactly map to all 1’s and all 0’s output code irrespective to the operating
temperature and supply voltage variation. As a result, the calibration process was avoided. Besides, since
the X+/Y+ and X-/Y- was sampled and holed.6nce the sampling phase of ADC was completed, the driver
switch could be turned OFF immediately to save power dissipation on the touch screen device.
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A2 A1 A0 SER/DRF ADC Input X switches Y switches +REF -REF
0 0 1 1 X+ OFF ON Vref GND
1 0 1 1 + N Vref GND
0 1 0 Vref GND
1 1 0 Vref GND
0 0 1 Y+ Y-
1 0 1 X+ X-
0 1 0 Vref GND
1 1 0 0 IN4 OFF OFF Vref GND

Table 1 Input Configurations

Vreef O

NTIAL
SURE

+REF

MTK.C
NO

imp

CONVERTER

-REF
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3.5 Control Register

There are 7 mode selection bits in the control register. The driver switches control, ADC resolution,
reference mode, and power-down mode are configured in the register. Table 2 shows the order of the
register in the digital serial interface including a start bit at the beginning. The register settings are
described as followed:

A2/A1/A0 configures the ADC dnput afnd driver switches control. They also"decide the positive and negative
reference input along with the SER/DFR bit~Fhe;settings are listed inTable-1.

MODE bit configure the ADC resolution to be 12bit or, 8bit. Set 0-fors12bit resolution and set 1 for 8bit
resolution.

SER/DFR defines the reference mode. The settings are listed|in Table 4.

PD1/PDO configures the power-down mode and the pen interrupt function. For 00 and 01 setting, the auto
power-down mode is enabled and the ADC will power down between‘conversions. For 11 setting, the ADC
will always power up. The pen interrupt function is enabled for PD0 set to 0 and disabled for PD0 set to 1.
Table 3 lists the PD1/PDO settings.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
S A2 A1 A0 MODE |SER/DFR| PD1 PDO
Table 2 Order of Register Bits

PD1 RDO PENIR@ Power-down Mode
0 0 Enabled ADC powersdown betwéen conversions
0 1 Disabled ADC power-down between conversions
1 0 -- Reserved
1 1 Disabled ADC always power up

Table 3 Power-Down|Selectioh

36 ™ Digital Serialinterface

Figure.5 shows the typical operation of the digital serial interface of MT6301. The serial clock provides the
ADC conversion clock and also controls the register settings. One complete conversion can be achieved
with a total of 24 DCLK cycles.

When CS is high, the BUSY pin and DOUT pin are tri-state and MT6301 is disabled. Once the CS signal goes
low, BUSY pin ahd DOUT pin go low imfmediately andMT6301 will wait for the first high state of DIN pin (i.e.
S bit) at 'the rising edge of the DCLK signal and latches the DIN signalyas the registersSettingsrat the
following rising edges of the DCLK signal. At the ending of MODE bit selection, MT6301 starts, the sampling
phase and lasts for 3 DCLK cycles to assure accurate settling of the input and reference signals. The ADC
input multiplexer selection is decided by the A2~A0 register bit that is defined in the former DCLK cycles.
After the completion of the register setting and the sampling phase, the ADC begins the conversion phase
and outputs the conversion results from MSB to LSB on the DOUT pin. The total sequence needs only 21
DCLK cycles, but 3 more DCLK cycles was presented because the 24DCLK cycles can be provided from a
DSP or via three bursts of 8 clock cycles from a microcontroller.

Note that the driver switches on time are the same whether in single-ended reference mode or differential
reference mode.

By the way, the integrated power-on-reset circuit resets all digital registers to zero at the MT6301 power-on.
As a result, if the appropriate DCLK sequence is specified, the CS pin could be always kept low and
MT6301 will still works normally.

In the continuous operation scenario, the register setting sequence could be,overlapped with the previous
conversion phase to obtainghigher throughput-rate. As a result;<only two'|set of 8 clock cycles will be
needed to complete a conversion..Fig.6 shows the timing 16 clock.cycles per conversion case.

If the microcontrollers or the DSPs adapted could generate.a. 15-clock cycle per serial transfer clock, the
timing shown in Fig.7 could be-used-to obtain‘even higher throughput rate. In the operation, the ADC could
only be in 2 conditions: either sampling or converting. And DOUT pin is standby only when ADC is in
sampling phase.
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For 8-bit resolution mode, the operation time is 4 clock cycles lesser than the 12-bit resolution mode. By
the way, because only 8-bit accuracy is needed now for the operation of ADC, the clock rate could be even
higher to get even 50% faster throughput rate.
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Figure 5 Conversion Timing, 24 DCLKS per CONVERSION, 8-Bit Bus Interface.
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Figure 7 Conversion s Interface.
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3.7 Digital Interface Timing

Figure.8 shows the detailed timing diagram of serial digital interface of MT6301. Table. 4 is the
corresponding timing specifications.

MTK Conhidential A (BR%)

MediaTek Inc.

bit10

A & L% 7= !
b 22 I 520 v
SYMBOL DESCRIPTION MIN TYP MAX UNITS
Taco Acquisition Time 1.5 us
DI Pr K Ris

TK'GONFIDENTIA
DO DCLK Falling to DOUT Vali 2 ns
Tpv CS Falling to DOUT Enabled 200 ns
Trr CS Rising to DOUT Disabled 200 ns

S gito Ki g 1

ISCLOSURE
Tcu DCLK HIGH 200 ns
TcL DCLK LOW 200 ns
Tgp DCLK Falling to BUSY Rising/Falling 200 ns
Tepv CS Falling to BUSY Enabled 200 ns
Terr CS Rising to BUSY Disabled 200 ns

3.8 Pen Interrupt Request

The pen interrupt function
are OFF, the Y- driver switch is turn

the screen is touched,

le 4 Timi

r
N. If the sc

the voltag pulled to

Sp

ification

ion i
the
IRQ

abled and X and Y drivers
RQ pin will be high. Once
ill be low.
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4.1

Table 5 Absolute Maximum

Absolute maximum ovefoperatin

gs

Parameter

onditions

Free-air temperature range

Storage temperature range

Max

Units

85

°C

150

°C

ESD robustness

4.2 Operating conditions

Table 6 Operation Condition

Parameter

Conditions Min

Typ Max

Units

Operating temperature range

85

s

Table 7 General Specifications
(TA—-40 C to 85°C, Vdd=2.8V, Vref=2. 8V fsamp|e—125KHz fsample=2MHz, 12-bit mode, digital inputs = GND or Vdd.

No M1ss1ng Codes
Offset Errors
Gain Errors

+/-6

-40 S
ZR

°C

Bits min
LSB max
LSB max

Switch Drivers

Conversion Rate

Conversion Time
Sampling Time
Throughput Rate

Analog Input

Input Voltage Ranges 0~Vref \4
Input Capacitance 25 pF max
Reference Input

Range 1~vdd \%
Input Impedance 5 GOhm typ
Logic Input/Output

VOH vdd-0.2 Vmin
VoL 0.4 Vmax
Vin i
Vi

KC
LK
PS

S max
es min
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Power Supply

vdd 2.6~5.5 \%

Nominal Supply Current 250 uA typ

Power Down Current uA max

IPa

?
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5.1 Pin Assignment

Table 8 Pin Assignment

TSSOP | QFN Sym
Pin No. | Pin No.
1 5 Vdd
2 6 X+ 1A X+ Input. ADC Input Channel 1.
3 7 Y+ 1A Y+ Input. ADC Input Channel 2.
4 8 X- 1A X- Input.
5 9 Y- 1A Y- Input.
6 10 GND 1A GROUND
7 1 IN3 1A Auxiliary Input1. Input Channel 3.
8 12 IN4 1A Auxiliary Input2. Input Channel 4.
9 13 Vref 1A Reference Voltage Input.
10 14 Vdd IA Power Supply 2.6V to 5.5V.
15 3 CS I Chlp Select Input Active Low.
DCLK External Clock Input.

MTKCON FIDENTIAL

DOUT

dd Vref

SRS

TSSOP

VddC

116 J)DCLK

o D C L@ S U R E
DIN 113 ) BUSY
™ @ Y- @ '12)DOUT
cS GND GND (6 '11) PENIRQ

1) (9 N3 (7 10)vdd
DCLK 2
5 (s 1) [8) N4 (8 9 JVref
Vdd X+ Y+ X-
VN ’
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5.2 Package Information

16-pin Pb-free TSSOP and QFN packages are available.

16 q

Q127 TYP.

MIK Conhlideniial A (&%)

MediaTek Inc.

8C

b - - 1 20
Al C.00 — 05
AZ 0.80 1.00 105
B 0.19 = 0 30
b 4.90 5 00 5.10
E1 4.30 4,40 4,50
E

[a]

L1

L 0.45

> 020

’ o

M

=NTIAL

LOSURE

/I WEDEC OUTLINE
MO—153 AB/MO—153 ABT{THERMALLY EMHANCED VARKTIONS ONLY)
ZDIMENSION ‘D" DOES NOT INCLUDE MOLD FLASH

PROTRUSICNS OR GATE BURRS, MOLD FLASH, PROTRUSIONS
QR GATE BURRS SHALL NOT EXCEED C.15 FER SIDE.

JDIMENSICN ‘E1' DOES NOT INCLUDE INTERLEAD FLASH OR
FROTRUSICN INTERLEAD FLASH OR PROTRUSION SHALL
NOT EXCEED 0.2&% PER SIRE.

‘1DIHEN5IDN B° DOES NOT INCLUDE DAMBAR F'ROTRUSIDN

DAMBAR PROTRUSICN SHALL BE 008
TOTAL IN D(CESS OF THE 'B' DIMENSION AT MIMU
MATERIAL COMDITION. DAMBAR CANNCT BE LOCATED CGN THE
LOWER RACIUS OF THE FOCT. MINIMUM SPACE BETWEEN

| F;D !USDN %i ADJiCENT LEAD 15 G.O7 MM
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5.3 Application Example
A typical application example is shown in the following figure 9.

1TuF
(Optional)

Touch = S o §
S
creen @ @ @ @
—Y'E @DCLKH Serial/Conversion Clock

l GND ﬁHChip Select
= MT63O 1 2 DINHsmal Data In

Hﬁﬁé’%%%’ﬁ !
MTK GON TIAL

LSJ
"

Vref

ENIRQ
DOUT

Figure 9 Application example
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6 Ordering Information

OODER NUMBER PACKAGE
MT6301N 16-L, Pb-free
MT63010 P 16-L, Pb-free
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