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Powering Your Next Innovation FT6147Z200/100/50/25 Preliminary

Digital Potentiometers
128-tap, Nonvolatile

FEATURES

Wiper Position Stored in Nonvolatile Memory and Recalled Upon Power-Up
128 Tap Positions and Push Button Controlled

Single or Auto Increment/Decrement: Fast Mode after 1s Button Press
AUTOSTORE of Last Wiper Position or Manual Store of Wiper Position
Shutdown Mode

35ppm/°C End-to-End Resistance Temperature Coefficient

5ppm/°C Ratio-metric Temperature Coefficient

10kQ, 25kQ, 50kQ, 100kQ and 200kQ End-to-End Resistance Values
0.1uA (max) Static Supply Current

2.7V to 5.5V Single-Supply Operation

1,000,000 Wiper Store Cycles

50-Year Wiper Data Retention

DESCRIPTION

The FT6147 is a three-terminal digitally-controlled potentiometer implemented by a resistor array
composed of 127 resistive elements and a wiper switching network. The FT6147 features a push button
control, a shutdown mode, as well as nonvolatile memory (EEPROM) to return the wiper to its previously
stored position upon power-up.

The push button control has individual PU and PD inputs for adjusting the wiper. To eliminate redundancy,
the wiper position will automatically increment or decrement if one of these inputs is held longer than one
second. Forcing both PU and PD low for more than two seconds activates shutdown mode. Shutdown
mode disconnects the top of the resistor chain and moves the wiper to the lowest position, minimizing
power consumption.

The FT6147Z200/100/50/25 have an end-to-end resistance of 200kQ, 100kQ, 50kQ and 25kQ separately.
All of these devices have 128 wiper positions, a low ratio-metric temperature coefficient (5ppm/°C), and all
operate from a single +2.7V to +5.5V supply. Each device is guaranteed over the extended -40°C to +85°C
temperature range.

APPLICATIONS

Volume Control

LED/LCD Brightness Control
Contrast Control
Programming Bias Voltages
m Ladder Networks
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PIN CONFIGURATION

Pin Name Pin Function
PD The PD is a falling-edge triggered input with internal pull-up.
Toggling PD will move the wiper close to RL terminal.
By The PU is a falling-edge triggered input with internal pull-up.
Toggling PU will move the wiper close to RH terminal.
— Active low AUTOSTORE enable input or Manual Store active low
ASE input.
RH RW RL High Terminal, Wiper Terminal and Low Terminal of Resistor.
Table 1
All packaging types come in Pb-free certified.
FT6147
L4
vDD O ¢ 8 RH
PD 02 7A@ RW
PU 3 6 RL
ASE [ 4 51 GND
8L PDIP
8L SOIC
8L MSOP
8L TSSOP
Figure 1
ABSOLUTE MAXIMUM RATINGS
Industrial operating temperature: -40°C to 85°C
Storage temperature: -50°C to 125°C
Input voltage on any pin relative to ground: -0.3V to Ve + 0.3V
Maximum Continuous Current into RH, RL, RW:  -2mA~2mA
Maximum voltage: 8V
ESD Protection on all pins: >4000V

* Stresses exceed those listed under “Absolute Maximum Rating” may cause permanent damage to the
device. Functional operation of the device at conditions beyond those listed in the specification is not
guaranteed. Prolonged exposure to extreme conditions may affect device reliability or functionality.
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POWER-UP AND DOWN REQUIREMENTS

There are no restrictions on the power-up or power-down conditions of VCC and the voltages applied to the
potentiometer pins provided that VCC is always more positive than or equal to VRH and VRL, i.e., VCC =

VRH, VRL. The VCC ramp rate specification is always in effect.

PIN DESCRIPTIONS
A) RH and RL

The RH and RL pins of the FT6147 are equivalent to the fixed terminals of a mechanical
potentiometer. The minimum voltage is VSS and the maximum is VCC. The terminology of RH and RL
references the relative position of the terminal in relation to wiper movement direction.

B) RW

The RW pin is the wiper terminal of the potentiometer which is equivalent to the movable terminal of a
mechanical potentiometer.

C) PU

The debounced PU input is used to increment the wiper position. An on-chip pull-up holds the PU
input HIGH. A switch closure to ground or a LOW logic level will, after a debounce time, move the
wiper to the next adjacent higher tap position.

D) PD

The debounced PD input is used to decrement the wiper position. An on-chip pull-up holds the PD
input HIGH. A switch closure to ground or a LOW logic level will, after a debounce time, move the
wiper to the next adjacent lower tap position.

E) ASE
The debounced ASE (AUTOSTORE enable) pin can be in one of two states:
1. AUTOSTORE is enabled if ASE is held LOW during power up.

2. AUTOSTORE is disabled if ASE is held HIGH during power-up. A LOW to HIGH transition will
initiate a manual store operation. This is for the user who wishes to connect a push button switch to
this pin. For every valid push, the FT6147 will store the current wiper position to the EEPROM.

DEVICE OPERATION

There are three sections of the FT6147: the input control, counter and decode section; the EEPROM
memory; and the resistor array. The input control section operates just like an up/down counter. The output
of this counter is decoded to turn on a single electronic switch, connecting a point on the resistor array to
the wiper output. Under the proper conditions, the contents of the counter can be stored in EEPROM
memory and retained for future use. The resistor array is comprised of 127 individual resistors connected in
series. At either end of the array and between each resistor is an electronic switch that transfers the
potential at that point to the wiper.
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The FT6147 is designed to interface directly to two push button switches for effectively moving the wiper up
or down. The PUand PD inputs increment or decrement a 5-bit counter respectively. The output of this
counter is decoded to select one of the thirty-two wiper positions along the resistive array. The wiper
increment input, PU and the wiper decrement input, PD are both connected to an internal pull-up so that
they normally remain HIGH. When pulled LOW by an external push button switch or a logic LOW level
input, the wiper will be switched to the next adjacent tap position.

Internal debounce circuitry prevents inadvertent switching of the wiper position if PU or PD remains LOW
for less than15ms, typical. Each of the buttons can be pushed either once for a single increment/decrement
or continuously for a multiple increments/decrements. The number of increments/decrements of the wiper
position depends on how long the button is being pushed. When making a continuous push, after the first
second, the increment/decrement speed increases. For the first second, the device will be in the slow scan
mode. Then, if the button is held for longer than 1 second, the device will go into the fast scan mode. As
soon as the button is released, the FT6147 will return to a standby condition.

If two or more buttons are pressed simultaneously, all commands are ignored upon release of ALL buttons,
except Shutdown Mode condition.

The wiper, when at either fixed terminal, acts like its mechanical equivalent and does not move beyond the
last position. That is, the counter does not wrap around when clocked to either extreme.

AUTOSTORE

The value of the counter is stored in EEPROM memory after 2 seconds of no activity on PU or PD inputs
while ASE is enabled (held LOW). When power is restored, the content of the memory is recalled and the
counter resets to the last value stored.

If AUTOSTORE is to be implemented, ASE is typically hard wired to VSS. If ASE is held HIGH during
power-up and then taken LOW, the wiper will not respond to the PU or PD inputs until ASE is brought
HIGH and held HIGH.

MANUAL (Push Button) STORE

When ASE is not enabled (held HIGH), a push button switch may be used to pull ASE LOW for more
than 15ms and released to perform a manual store of the wiper position.

During memory write cycle all inputs will be ignored.

SHUTDOWN MODE

The FT6147 enters into Shutdown Mode if both PU and PD inputs are kept LOW for 2 seconds. In this
mode, the resistors array is totally disconnected from its RH pin and the wiper is moved to position closest
to RL pin, as shown in the follow figure. Note, that PU and PD inputs must be pulled LOW within tDB time
window of 15ms, see “Shutdown Mode Timing” on page 5. Otherwise all command will be ignored till both
inputs will be released.
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ORH

RW

RL

Figure 2

Holding either PU or PD input LOW for more than 15ms will exit shutdown mode and return wiper to prior
shutdown position. If PU or PD will be held LOW for more than 250ms, the FT6147 will start auto-
increment or auto-decrement of wiper position.

RTOTAL WITH VCC REMOVED

The end to end resistance of the array will fluctuate once VCC is removed.

A) Slow Mode Timing

tos teap

—_—— —— Ml*

Vw

Figure 3

*MI in the AC timing diagram refers to the minimum incremental change in the wiper voltage.
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B) Fast Mode Timing

Vw

1s

Figure 4

*MI in the AC timing diagram refers to the minimum incremental change in the wiper voltage.

C) Shutdown Mode Timing

tos 2s SHUTDOWN MODE

C /
T\ /

Vw

Figure 5
D) AUTOSTORE Mode Timing
tos 250ms 2s . 12ms
PU MEMORY
WRITE
CYCKE
PD
(HIGH)
ASE
(LOW)
Wiper
Position N > N+1 N+2
Figure 6
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AC CHARACTERISTICS

(VDD = +2.7V to +5.5V, VH = VDD, VL = GND, TA =-40°C to +85°C, unless otherwise noted. Typical
values are at VDD = +5.0V, TA= +25°C, unless otherwise noted.)

Parameter Symbol Min Typical Max Units
Time Between Two Separate Push t > ) ) ms
Button Events GAP
Debounce Time tos 15 20 ms
Wiper Change on a Slow Mode ts sLow 150 250 375 ms
Wiper Change on a Fast Mode ts FasT 30 50 75 ms
Time to Enter Shutdown Mode
(keep PU and PD LOW) ban i 2 i S
Power-Up to Wiper Stable tpu - - 500 Js
VCC Power-Up Rate tr VCC 0.2 - 50| ViIms
25kQ) - 0.3 -
. . . 50kQ - 0.5 -
Wiper Settling Time (Note 1) 100KQ tiw - 1 - us
200kQ 2
25kQ) - - 200 -
. 50kQ - - 100 -
-3dB Bandwidth (Note 2) 700kQ) - - 50 - kHz
200kQ - - 25 -
Wiper Store Cycle twsc 12 - - ms

Note1: Digital timing is guaranteed by design and characterization, and is not production tested.

Note2: Wiper settling time is the worst-case 0% to 50% rise time measured between consecutive wiper
positions. RH = VDD, RL =GND, and the wiper terminal is unloaded and measured with a 10pF
oscilloscope probe.

Note3: Wiper is at midscale with a 10pF capacitive load. Potentiometer set to midscale, RL = GND, an
AC source is applied to RH, and the output is measured as 3dB lower than the DC RW/RH value in dB.
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DC CHARACTERISTICS

(VDD = +2.7V to +5. 5V, VH = VDD, VL = GND, TA =-40°C to +85°C, unless otherwise noted. Typical
values are at VDD = +5V, TA =+25°C.) (Note 1)

Parameter | Symbol | Condition Min Typ Max Units
DC PERFORMANCE
End-to-End Resistance RH-L - -25% 25%
End-to-End Resistance ppm/°
Temperature Coefficient TCR ) ) 35 ) C
Ratiometric Resistance - - i 5 _ ppm/°®
Temperature Coefficient C
Integral Nonlinearity (Note 2) INL VDD = 5V - +0.15 3.0 LSB
Differential Nonlinearity (Note 2) | DNL VDD = 5V - +0.15 2.0 LSB
Full-Scale Error (Note 3) - - - -0.5 LSB
Zero-Scale Error (Note 4) - - - 0.5 - LSB
Wiper Resistance (Note 5) RW - - 325 675 Q
DIGITAL INPUTS
Input High Voltage (Note 6) VIH - 0.7xVDD - - \Y
Input Low Voltage VIL - - - 0.3xVDD V
Input Leakage Current ILEAK - - - 11 MA
Input Capacitance - - - 5 - pF
NONVOLATILE MEMORY RELIABILITY
Data Retention - TA = +85°C - 50 - Years

- TA = +25°C - 200,000 -

Endurance - TA=785°C - 50,000 - Stores
POWER SUPPLY
Power-Supply Voltage VDD - 2.7 - 5.5 \Y
Standby Current IDD (Note 7) - 0.5 1 A
Programming Current - (Note 7, 8) - 200 900 A

Note 1: All devices are production tested at TA = +25°C and are guaranteed by design and characterization for -

40°C < TA < +85°C.

Note 2: The DNL and INL are measured with the potentiometer configured as a voltage-divider with RH = VDD and
RL = GND . The wiper terminal is unloaded and measured with an ideal voltmeter.
Note 3: Full-scale error is defined as (VW -VH)/(VH/127).
Note 4: Zero-scale error is defined as (VW -VL)/(VH/127).
Note 5: The wiper resistance is the worst value measured by injecting 100uA currents into RW with RL = GND.RW

= (VW - VH) /IW.

Note 6: The device draws current in excess of the specified supply current when the digital inputs are driven with
voltages between (VDD - 0.5V) and (GND + 0.5V).
Note 7: Digital inputs = VDD or GND, TA = +25°C.
Note 8: The programming current exists only during NV writes.
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ORDER INFORMATION (TBD)

Order code

Vcc

Temperature
Range

Package

Option

Packaging
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TSSOP8 PACKAGE OUTLINEDIMENSIONS

b _'I—I'_
1gH

| O

)

-
===

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
D 2.900 3.100 0.114 0.122
E 4.300 4.500 0.169 0.177
b 0.190 0.300 0.007 0.012
c 0.090 0.200 0.004 0.008
E1 6.250 6.550 0.246 0.258
A 1.100 0.043
A2 0.800 1.000 0.031 0.039
A1 0.020 0.150 0.001 0.006
e 0.65 (BSC) 0.026 (BSC)
L 0.500 | 0.700 0.020 | 0.028
H 0.25 (TYP) 0.01 (TYP)
6 1° | 7° 1° | 7°
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SOP8 PACKAGE OUTLINE DIMENSIONS

1 0.8 0

REEEE

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 1.350 1.750 0.053 0.069
A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
0.330 0.510 0.013 0.020
C 0.170 0.250 0.006 0.010
D 4.700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
E1 5.800 6.200 0.228 0.244
e 1.270 (BSC) 0.050 (BSC)
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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MSOP8 PACKAGE OUTLINE DIMENSIONS
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Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 0.820 1.100 0.320 0.043
A1 0.020 0.150 0.001 0.006
A2 0.750 0.950 0.030 0.037
b 0.250 0.380 0.010 0.015
c 0.090 0.230 0.004 0.009
D 2.900 3.100 0.114 0.122
e 0.65 (BSC) 0.026 (BSC)
E 2.900 3.100 0.114 0.122
E1 4.750 5.050 0.187 0.199
L 0.400 0.800 0.016 0.031
0 0° 6° 0° 6°
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APPENDIX A: REVISION HISTORY

Version A: Original data sheet for the FT6147Z100/50/25/10.

Information furnished is believed to be accurate and reliable. However, Intelligent Embedded
Solutions(IES) assumes no responsibility for the consequences of use of such information or for any
infringement of patents of other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent rights of Intelligent Embedded Solutions(IES). Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and
replaces all information previously supplied Intelligent Embedded Solutions(IES) products are not autho-
rized for use as critical components in life support devices or systems without express written approval of
Intelligent Embedded Solutions(IES). The IES logo is a registered trademark of Intelligent Embedded
Solutions(IES). All other names are the property of their respective owners © 2010 Intelligent Embedded
Solutions.-All rights reserved www.iesdistribution.com
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