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TPL0401x-10 128-TAPS Single-Channel Digital Potentiometer With I°C Interface

1 Features 3 Description

« Single-Channel, 128-Position Resolution The TPL0401x-10 device is a single-channel, linear-
. ' . . taper digital potentiometer with 128 wiper positions.

10-kQ2 End-to-End Re5|§t§nce Options The TPL0401x-10 has the low terminal internal and
* Low Temperature Coefficient: 22 ppm/°C connected to GND. The position of the wiper can be
e I2C Serial Interface adjusted using an I2C interface. The TPL0401x-10 is

. i N . ; available in a 6-pin SC70 package with a specified
2.7-V 10 5.5-V Single-Supply Operation temperature range of —40°C to +125°C. The part has

* *20% Resistance Tolerance a 10-kQ end-to-end resistance and can operate with
« A and B Versions Have Different 1°C Addresses a supply voltage range of 2.7 V to 5.5 V. This kind of
« L Terminal is Internal and Connected to GND product is widely used in setting the voltage reference

for low power DDR3 memory.

The TPL0401x-10 has the low terminal internal and
connected to GND.

» Operating Temperature: —40°C to +125°C
e Available in Industry Standard SC70 Packages
» ESD Performance Tested per JESD 22

— 2000-V Human-Body Model (A114-B, Class II) Device Information®
5 Applicati PART NUMBER PACKAGE BODY SIZE (NOM)
ications
PP _ _ L P SC70 (6) 2.00 mm x 1.25 mm
* Mechanical Potentiometer Replacement

. Adjustable Power Supplies (1) For all available packages, see the orderable addendum at
. . e . . the end of the data sheet.
» Adjustable Gain Amplifiers and Offset Trimming

» Precision Calibration of Setpoint Thresholds
e Sensor Trimming and Calibration
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5 Device Comparison Table

ORDERABLE PART NUMBER END-TO-END RESISTANCE I°C ADDRESS
TPLO401A-10DCKR 10 kQ 0101110
TPL0401B-10DCKR 10 kQ 0111110

6 Pin Configuration and Functions
DCK Package
6-Pin SC70
Top View
vDD [ ] 6T IH
GND[ |2 é 5111w
ScL [[]_IL 4 | [ ]SDA
Pin Functions
PIN
TYPE DESCRIPTION
NO. NAME
1 VDD Power Positive supply voltage
2 GND — Ground
3 SCL [ I2C Clock
4 SDA 110 I°C Data
5 w 110 Wiper terminal
6 H 110 High terminal
— L 110 Low terminal
Copyright © 2011-2017, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: TPLO401A TPL0401B


http://www.ti.com/product/tpl0401a?qgpn=tpl0401a
http://www.ti.com/product/tpl0401b?qgpn=tpl0401b
http://www.ti.com
http://www.ti.com/product/tpl0401a?qgpn=tpl0401a
http://www.ti.com/product/tpl0401b?qgpn=tpl0401b
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS144B&partnum=TPL0401A

TPLO401A
TPL0O401B

SLIS144B —SEPTEMBER 2011 —-REVISED FEBRUARY 2017

13 TEXAS

INSTRUMENTS

www.ti.com

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT
Vpp Supply voltage ‘ Vpp to GND -0.3 7 \%
Iy, I Continuous current +5 mA
v, Digital input pins (SDA, SCL) -0.3 Vpp + 0.3 v
Potentiometer pins (H, W) -0.3 Vpp + 0.3
Timax) Maximum junction temperature 130 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2500
Vesp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vpp Supply voltage 2.7 55 \%
Vw,VH, SDA, SCL  Terminal voltage 0 Vbp \%
Vi Voltage input high ( SCL, SDA) 0.7 x Vpp Vbp \%
Vi Voltage input low ( SCL, SDA) 0 0.3 x Vpp \%
Iw Wiper current -2 2 mA
Ta Ambient operating temperature -40 125 °C
7.4 Thermal Information

TPL0401x-10

THERMAL METRIC® DCK (SC70) UNIT
6 PINS

Roia Junction-to-ambient thermal resistance 234 °C/W
Rojctop) Junction-to-case (top) thermal resistance 110.5 °C/W
Ross Junction-to-board thermal resistance 79 °C/W
Wit Junction-to-top characterization parameter 7.2 °C/W
ViR Junction-to-board characterization parameter 77 °C/W
Roc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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7.5 Electrical Characteristics

Typical values are specified at 25°C and Vpp = 3.3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT

RroTaL End-to-end resistance 8 10 12 kQ

Ry Terminal resistance 100 200 Q

Rw Wiper resistance 35 100 Q

Cq Terminal capacitance 10 pF

Cw Wiper capacitance 11 pF

TCRr Resistance temperature coefficient 22 ppm/°C
—40°C to +105°C 0.5

Ipp(sTBY) Vpp standby current 10°C 10 +125°C 1s HA

DI gliggalhr;igtss)leakage current (SCL, o5 25 LA

SERIAL INTERFACE SPECS (SDA, SCL)

Viy Input high voltage OV7 * Vpp \%

DD
Vi Input low voltage 0 OVS * \%
DD

VoL Output low voltage SDA Pin, lo_. =4 mA 0.4 \%

Cin Pin capacitance SCL, SDA Inputs 7 pF

VOLTAGE DIVIDER MODE (Vy = Vpp, Vw = Not Loaded)

INLD@) Integral non-linearity -0.5 0.5 LSB

DNL®®) Differential non-linearity -0.25 0.25 LSB

ZSerrorM®  Zero-scale error 0 075 15 LSB

FSerror@®  Full-scale error -1.5 -0.75 0 LSB

Tev Ratiometric temperature coefficient | Wiper set at mid-scale 4 ppm/°C

BW Bandwidth Wiper set at mid-scale, 2862 kHz
Croap = 10 pF

Tsw Wiper settling time See Figure 10 0.152 us

THD+N Total harmonic distortion Vi = 1 Vs at 1 khz, 0.03 %
measurement at W

RHEOSTAT MODE (Vy = Vpp, Vi = Not Loaded)

RINLO® :i?nhee;:ist?t mode integral non- 1 1 LSB

RDNL ©®) Eznhee;:'isttyat mode differential non- 05 05 LSB

BOFFSET(lo)(l Rheostat-mode zero-scale error 0 075 2 LSB

(1) INL = ((VmEAS[code x] — VMEAS[code o)) / LSB) — [code X]
(2) LSB = (Vmeasicode 127] — VMEAS[code o)) / 127

(3) DNL = ((VmEAS[code x] — VMEAS[code x-17) / LSB) — 1

(4) ZSgrror = VMEAS[code 0] / IDEAL_LSB

(5) IDEAL_LSB =Vy/128

(6) FSerror = [(VMmEeAS[code 127] — V1) / IDEAL_LSB] + 1
(7) RINL = ( (Rmeasjcode x] — RmEAS[code 07) / RLSB) —[code X]
(8) RLSB = (Rmeasjcode 127] — RmEeas[code o) / 127

(9) RDNL = ( (Rmeasicode x] — RmEAS[code x-17) / RLSB) =1
(10) Rorrser = Rmeasicode 0]/ IDEAL_RLSB

(11) IDEAL_RLSB = Ryo7 /128

Copyright © 2011-2017, Texas Instruments Incorporated
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7.6 Timing Requirements

MIN MAX UNIT
STANDARD MODE
fscL I2C clock frequency 0 100 kHz
tscH I2C clock high time 4 s
tscL 1>C clock low time 4.7 us
tsp 12C spike time 0 50 ns
tsps 12C serial data setup time 250 ns
tspH I2C serial data hold time 0 ns
ticr 12C input rise time 1000 ns
tiee 12C input fall time 300 ns
tock I2C output fall time, 10 pF to 400 pF bus 300 ns
teuF I2C bus free time between stop and start 4.7 us
tsts 12C start or repeater start condition setup time 4.7 us
tsth 12C start or repeater start condition hold time 4 us
tsps 12C stop condition setup time 4 us
typ(DATA) Valid data time, SCL low to SDA output valid 1 us
tvp(ack) Valid data time of ACK condition, ACK signal from SCL low to SDA (out) low 1 us
FAST MODE
fseL 12C clock frequency 0 400 kHz
tsch 12C clock high time 0.6 us
tseL 12C clock low time 1.3 us
tsp 1°C spike time 0 50 ns
tsps 12C serial data setup time 100 ns
tspH 12C serial data hold time 0 ns
ticr 12C input rise time 20 300 ns
ticr 12C input fall time 20 x (Vpp / 5.5) 300 ns
tocr 12C output fall time, 10 pF to 400 pF bus (Vpp / 5.5) x 20 300 ns
teuF 12C bus free time between stop and start 1.3 us
tsts 12C start or repeater start condition setup time 1.3 us
tstH 12C start or repeater start condition hold time 0.6 us
tsps 12C stop condition setup time 0.6 us
typ(ATA) Valid data time, SCL low to SDA output valid 1 us
typack) Valid data time of ACK condition, ACK signal from SCL low to SDA (out) low 1 us
6 Submit Documentation Feedback Copyright © 2011-2017, Texas Instruments Incorporated
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7.7 Typical Characteristics

Figure 5. End-to-End RygtaL Change vs Temperature
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Figure 6. Temperature Coefficient vs TAP Position
(Potentiometer Mode)

Copyright © 2011-2017, Texas Instruments Incorporated

Submit Documentation Feedback 7

Product Folder Links: TPLO401A TPL0401B


http://www.ti.com/product/tpl0401a?qgpn=tpl0401a
http://www.ti.com/product/tpl0401b?qgpn=tpl0401b
http://www.ti.com
http://www.ti.com/product/tpl0401a?qgpn=tpl0401a
http://www.ti.com/product/tpl0401b?qgpn=tpl0401b
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLIS144B&partnum=TPL0401A

TPLO401A
TPL0O401B

SLIS144B —SEPTEMBER 2011 —-REVISED FEBRUARY 2017

13 TEXAS
INSTRUMENTS

www.ti.com

Typical Characteristics (continued)
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Figure 7. Temperature Coefficient vs TAP Position
(Rheostat Mode)
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8 Parameter Measurement Information

Vbp
R_=1kQ
SDA
DUT
C_ =50 pF
I (see Note A)
SDA LOAD CONFIGURATION

[¢«—————Two Bytes for READ Wiper Position Regist
\

A 4

[ ) — [ )
Stop Start Address R/IW Data Data Stop
Condition | Condition Bit 7 A%‘i't’jss Bit 0 ’?2;( Bit 7 Bit 0 Condition
(P) (S) (MSB) ' (LSB) (MSB) (LSB) P)
[ ) [ )
ts::IJﬁ—“‘ H tsch
| |1 |
| | ——— 0.7xV,
sct ) / \/\_/'\_/ _\k_/_\k_ N -
|| o — ‘ o/ | FL 03xVgg
tic» & | | “» —» ety |
ol t \ | | t
4 toutB et P & * e e O
\ \ D et | L Tt &
° \ | @— L/~ 0.7 xV¢g
\ i e o X ° —— 0.3x Vg
| . Pt
ticr P Pt le togs —» —» [ty vd(ack)
tsth
Repeat Start
Condition Stop
Condition
VOLTAGE WAVEFORMS
BYTE | DESCRIPTION
1 I°C address
2 Wiper Position Data
A. C_includes probe and jig capacitance. tocf is measured with C,_ of 10 pF or 400 pF.

w

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/t; < 30 ns.

All parameters and waveforms are not applicable to all devices.

Figure 9. 1°C Interface Load Circuit and Voltage Waveforms
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Parameter Measurement Information (continued)

50% Vpp
SCL DATA

-« tg, »>!

Vw

5% V

A. Code change is from 0x40 to 0x00
B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/t; < 30 ns.

Figure 10. Switch Time Waveform (tgy)
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9 Detailed Description

9.1 Overview

The TPL0401x-10 has a single linear-taper digital potentiometer with 128 wiper positions and an end-to-end
resistance of 10 kQ. The potentiometer can be used as a three-terminal potentiometer. The main operation of
TPL0401x-10 is in voltage divider mode.

The low (L) terminal of the TPL0401x-10 is tied directly to GND. The high (H) and low (GND) terminals of
TPL0401-10 are equivalent to the fixed terminals of a mechanical potentiometer. The H terminal must have a
higher voltage than the low terminal (GND). The position of the wiper (W) terminal is controlled by the value in
the Wiper Resistance (WR) 8-bit register. When the WR register contains all zeroes (zero-scale), the wiper
terminal is closest to its L terminal. As the value of the WR register increases from all zeroes to all ones (full-
scale), the wiper moves from the position closest to the GND terminal to the position closest to the H terminal. At
the same time, the resistance between W and GND increases, whereas the resistance between W and H
decreases.

9.2 Functional Block Diagram

#—

VDD
L

TPLO401A/B-10

—w

SDA

|
SCL 2 WIPER o -
I°C INTERFACE REGISTER > <

|

|

L — | —— 1

l

GND Copyright © 2017, Texas Instruments Incorporated

9.3 Feature Description

The TPL0401x-10 device is a single-channel, linear taper digital potentiometer with 128 wiper positions. Default
power up state for the TPL0O401x-10 is mid code (0x40). The TPL0O401x-10 has the low terminal connected to
GND internally. The position of the wiper can be adjusted using an I°C interface. The TPL0401x-10 is available in
a 6-pin SOT package with a specified temperature range of —40°C to +125°C. The part has a 10-kQ end-to-end
resistance and can operate with a supply voltage range of 2.7 V to 5.5 V. This kind of product is widely used in
setting the voltage reference for low power DDR3 memory. The TPL0401x-10 has the low terminal internal and
connected to GND.

9.4 Device Functional Modes

9.4.1 Voltage Divider Mode

The digital potentiometer generates a voltage divider when all three terminals are used. The voltage divider at
wiper-to-H and wiper-to-GND is proportional to the input voltage at H to L (see Figure 11).
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Device Functional Modes (continued)

H
Viw
Vi - Vi W
Vi
L

Figure 11. Equivalent Circuit for Voltage Divider Mode

For example, connecting terminal H to 5 V, the output voltage at terminal W can range from 0 V to 5 V.

Equation 1 is the general equation defining the output voltage at terminal W for any valid input voltage applied to
terminal H and terminal L (GND).
D

Vv =V = (Vg = V) x ——

128 @

The voltage difference between terminal H and terminal W can also be calculated in Equation 2.

Viaw = (V= V) x (l— (%D

where
e D is the decimal value of the wiper code 2)

Table 1 shows the ideal values for DPOT with end-to end resistance of 10 kQ. The absolute values of resistance
can vary significantly but the Ratio (R, /Rto71) is extremely accurate.

The linearity values are relative linearity values (that is, linearity after zero-scale and full-scale offset errors are
removed). Consider this when expecting a certain absolute accuracy because some error is introduced when the
device gets close in magnitude to the offset errors.

Note that the MSB is always discarded during a write to the wiper position register. For example, if 0x80 is
written to the wiper position register, a read returns 0x00. Another similar example is if OxFF is written, then Ox7F
is read.

Table 1. Resistance Values Table

STEP HEX R (KQ) Ruw (KQ) Rwi./Rtot
0 0x00 0.00 10.00 0.0%
1 0x01 0.08 9.92 0.8%
2 0x02 0.16 9.84 1.6%
3 0x03 0.23 9.77 2.3%
4 0x04 0.31 9.69 3.1%
5 0x05 0.39 9.61 3.9%
6 0x06 0.47 9.53 4.7%
7 0x07 0.55 9.45 5.5%
8 0x08 0.63 9.38 6.3%
9 0x09 0.70 9.30 7.0%
10 Ox0A 0.78 9.22 7.8%
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Table 1. Resistance Values Table (continued)

STEP HEX Rwi (KQ) Ruw (KQ) Rwi/Rrot
11 0x0B 0.86 9.14 8.6%
12 0x0C 0.94 9.06 9.4%
13 0x0D 1.02 8.98 10.2%
14 OXOE 1.09 8.91 10.9%
15 OXOF 1.17 8.83 11.7%
16 0x10 1.25 8.75 12.5%
17 ox11 1.33 8.67 13.3%
18 ox12 1.41 8.59 14.1%
19 0x13 1.48 8.52 14.8%
20 ox14 1.56 8.44 15.6%
21 ox15 1.64 8.36 16.4%
22 0x16 1.72 8.28 17.2%
23 ox17 1.80 8.20 18.0%
24 ox18 1.88 8.13 18.8%
25 0x19 1.95 8.05 19.5%
26 Ox1A 2.03 7.97 20.3%
27 0x1B 2.11 7.89 21.1%
28 ox1C 2.19 7.81 21.9%
29 0x1D 2.27 7.73 22.7%
30 OX1E 2.34 7.66 23.4%
31 OX1F 2.42 7.58 24.2%
32 0x20 2.50 7.50 25.0%
33 0x21 2.58 7.42 25.8%
34 0x22 2.66 7.34 26.6%
35 0x23 2.73 7.27 27.3%
36 0x24 2.81 7.19 28.1%
37 0x25 2.89 7.11 28.9%
38 0x26 2.97 7.03 29.7%
39 0x27 3.05 6.95 30.5%
40 0x28 3.13 6.88 31.3%
41 0x29 3.20 6.80 32.0%
42 Ox2A 3.28 6.72 32.8%
43 0x2B 3.36 6.64 33.6%
44 0x2C 3.44 6.56 34.4%
45 0x2D 3.52 6.48 35.2%
46 OX2E 3.59 6.41 35.9%
a7 OX2F 3.67 6.33 36.7%
48 0x30 3.75 6.25 37.5%
49 0x31 3.83 6.17 38.3%
50 0x32 3.91 6.09 39.1%
51 0x33 3.98 6.02 39.8%
52 0x34 4.06 5.94 40.6%
53 0x35 4.14 5.86 41.4%
54 0x36 422 5.78 42.2%
55 0x37 430 5.70 43.0%
56 0x38 438 5.63 43.8%
57 0x39 4.45 5.55 44.5%
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Table 1. Resistance Values Table (continued)

STEP HEX Rwi (KQ) Ruw (KQ) Rwi/Rrot
58 Ox3A 4.53 5.47 45.3%
59 0x3B 4.61 5.39 46.1%
60 0x3C 4.69 5.31 46.9%
61 0x3D 4.77 5.23 47.7%
62 Ox3E 4.84 5.16 48.4%
63 Ox3F 4.92 5.08 49.2%

64 (POR Default) 0x40 5.00 5.00 50.0%
65 0x41 5.08 4.92 50.8%
66 0x42 5.16 4.84 51.6%
67 0x43 5.23 4.77 52.3%
68 0x44 5.31 4.69 53.1%
69 0x45 5.39 4.61 53.9%
70 0x46 5.47 4.53 54.7%
71 0x47 5.55 4.45 55.5%
72 0x48 5.63 4.38 56.3%
73 0x49 5.70 4.30 57.0%
74 Ox4A 5.78 4.22 57.8%
75 0x4B 5.86 4.14 58.6%
76 0x4C 5.94 4.06 59.4%
77 0x4D 6.02 3.98 60.2%
78 Ox4E 6.09 3.91 60.9%
79 Ox4F 6.17 3.83 61.7%
80 0x50 6.25 3.75 62.5%
81 0x51 6.33 3.67 63.3%
82 0x52 6.41 3.59 64.1%
83 0x53 6.48 3.52 64.8%
84 0x54 6.56 3.44 65.6%
85 0x55 6.64 3.36 66.4%
86 0x56 6.72 3.28 67.2%
87 0x57 6.80 3.20 68.0%
88 0x58 6.88 3.13 68.8%
89 0x59 6.95 3.05 69.5%
90 Ox5A 7.03 2.97 70.3%
91 0x5B 7.11 2.89 71.1%
92 0x5C 7.19 2.81 71.9%
93 0x5D 7.27 2.73 72.7%
94 Ox5E 7.34 2.66 73.4%
95 Ox5F 7.42 2.58 74.2%
96 0x60 7.50 2.50 75.0%
97 0x61 7.58 2.42 75.8%
98 0x62 7.66 2.34 76.6%
99 0x63 7.73 2.27 77.3%
100 0x64 7.81 2.19 78.1%
101 0x65 7.89 211 78.9%
102 0x66 7.97 2.03 79.7%
103 0x67 8.05 1.95 80.5%
104 0x68 8.13 1.88 81.3%
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Table 1. Resistance Values Table (continued)

STEP HEX Rwi (KQ) Ruw (KQ) Rwi/Rrot
105 0x69 8.20 1.80 82.0%
106 OX6A 8.28 1.72 82.8%
107 0x6B 8.36 1.64 83.6%
108 0X6C 8.44 1.56 84.4%
109 0X6D 8.52 1.48 85.2%
110 OX6E 8.59 1.41 85.9%
111 OX6F 8.67 1.33 86.7%
112 0x70 8.75 1.25 87.5%
113 0x71 8.83 1.17 88.3%
114 0x72 8.91 1.09 89.1%
115 0x73 8.98 1.02 89.8%
116 0x74 9.06 0.94 90.6%
117 0x75 9.14 0.86 91.4%
118 0x76 9.22 0.78 92.2%
119 0x77 9.30 0.70 93.0%
120 0x78 9.38 0.63 93.8%
121 0x79 9.45 0.55 94.5%
122 OX7A 9.53 0.47 95.3%
123 0x7B 9.61 0.39 96.1%
124 0X7C 9.69 0.31 96.9%
125 0X7D 9.77 0.23 97.7%
126 OX7E 9.84 0.16 98.4%
127 OX7F 9.92 0.08 99.2%

9.5 Programming
9.5.1 I°C General Operation and Overview

9.5.1.1 START and STOP Conditions

I2C communication with this device is initiated by the master sending a START condition and terminated by the
master sending a STOP condition. A high-to-low transition on the SDA line while the SCL is high defines a
START condition. A low-to-high transition on the SDA line while the SCL is high defines a STOP condition. See

Figure 12.
I I | |
I l e o o — — — — I I
I |
SCL | | .
I -t - I
I I | |
T e | t
SDA | | Il
I I | |
| 4+ I
RN ) N
| T | Y T
START Data Transfer STOP
Condition Condition
Figure 12. Definition of START and STOP Conditions
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Programming (continued)
9.5.1.2 Data Validity and Byte Formation

One data bit is transferred during each clock pulse of the SCL. One byte is comprised of eight bits on the SDA
line. See Figure 13. A byte may either be a device address, register address, or data written to or read from a
slave.

Data is transferred Most Significant Bit (MSB) first. Any number of data bytes can be transferred from the master
to slave between the START and STOP conditions. Data on the SDA line must remain stable during the high
phase of the clock period, as changes in the data line when the SCL is high are interpreted as control commands
(START or STOP).

SDA line stable while SCL line is high

A

o

Byte: 1010 1010 ( OxAAh )

Figure 13. Definition of Byte Formation

9.5.1.3 Acknowledge (ACK) and Not Acknowledge (NACK)

Each byte is followed by one ACK bit from the receiver. The ACK bit allows the receiver to communicate to the
transmitter that the byte was successfully received and another byte may be sent.

The transmitter must release the SDA line before the receiver can send the ACK bit. To send an ACK bit, the
receiver shall pull down the SDA line during the low phase of the ACK/NACK-related clock period (period 9), so
that the SDA line is stable low during the high phase of the ACK/NACK-related clock period. Consider setup and
hold times. Figure 14 shows an example use of ACK.
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N

Device Address

Figure 14. Example Use of ACK

When the SDA line remains high during the ACK/NACK-related clock period, this is a NACK signal. There are
several conditions that lead to the generation of a NACK:

» The receiver is unable to receive or transmit because it is performing some real-time function and is not ready
to start communication with the master.

» During the transfer, the receiver gets data or commands that it does not understand.
» During the transfer, the receiver cannot receive any more data bytes.
* A master-receiver is done reading data and indicates this to the slave through a NACK.

Figure 15 shows an example use of NACK.

UL LT
L

[ | |

| [ [ | | [ [
SDA | | | | | | |

| | | | [ | |
| | | |
[ [ [ [
] ] ] ]

MSB T T T T T T LSB STOP
C7 D6 D5 D4 D3 D2 D1 Dy Condition

Data Byte N

Figure 15. Example Use of NACK

=

9.5.1.4 Repeated Start

A repeated START condition may be used in place of a complete STOP condition follow by another START
condition when performing a read function. The advantage of this is that the I1°C bus does not become available
after the stop and therefore prevents other devices from grabbing the bus between transfers.
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Programming (continued)
9.5.2 Programing with 1°C

9.5.2.1 Write Operation

To write on the I2C bus, the master sends a START condition on the bus with the address of the slave, as well
as the last bit (the R/W bit) set to 0, which signifies a write. After the slave responds with an acknowledge, the
master then sends the register address of the register to which it wishes to write. The slave acknowledges again,
letting the master know that it is ready. After this, the master starts sending the register data to the slave until the
master has sent all the data necessary (which is sometimes only a single byte), and the master terminates the
transmission with a STOP condition. See Figure 16.

D Master controls SDA line
D Slave controls SDA line

Write to one register in a device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

|S |A6|A5|A4|A3|A2|A1|A0| 0 | A|B7|BG|BS|B4|B3|BZ|B1|BO| A|D7|D6|D5|D4|D3|D2|D1|D0| A| P|

1 T

START R/W=0 ACK ACK ACK STOP

Figure 16. Write Operation

9.5.2.2 Read Operation

Reading from a slave is very similar to writing, but requires some additional steps. in order to read from a slave,
the master must first instruct the slave which register it wishes to read from. This is done by the master starting
off the transmission in a similar fashion as the write, by sending the address with the R/W bit equal to 0
(signifying a write), followed by the register address it wishes to read from. When the slave acknowledges this
register address, the master sends a START condition again, followed by the slave address with the R/W bit set
to 1 (Signifying a read). This time, the slave acknowledges the read request, and the master releases the SDA
bus but continues supplying the clock to the slave. During this part of the transaction, the master becomes the
master-receiver, and the slave becomes the slave-transmission.

The master continues to send out the clock pulses, for each byte of data that it wishes to receive. At the end of
every byte of data, the master sends an ACK to the slave, letting the slave know that it is ready for more data.
When the master has received the number of bytes it was expecting (or needs to stop communication), it sends
a NACK, signaling to the slave to halt communications and release the bus. The master follows this up with a
STOP condition. Figure 17 shows the read operation from one register.
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Programming (continued)

Read from one register in a device

Device (Slave) Address (7 bits) Register Address N (8 bits) Device (Slave) Address (7 bits) Data Byte from Register N (8 bits)
r 2 N 4 N 4 N 4 N
| S |A6|A5|A4|A3|A2|A1|A0| 0 | A |B7|B6|B5|B4|B3|B2|51|B0| A | P | S |A6|A5|A4|A3|AZ|A1|A0| 1 | A |D7|D6|D5|D4|D3|D2|D1|D0|NA| P |
t ot T& t1 t1
START R/W=0 ACK JA\8l4 STOP START R/W=1 ACK NACK STOP

Read from one register in a device (Repeated Start)

Device (Slave) Address (7 bits) Register Address N (8 bits) Device (Slave) Address (7 bits) Data Byte from Register N (8 bits)

|S |A6|A5|A4|A3|A2|A1|A0| 0|A|B7|B6|BS|B4|B3|BZ|B1|BO|A|Sr|A6|A5|A4|A3|A2|A1|A0| 1 | A|D7|D6|D5|D4|D3|D2|D1|DO|NA| P|

T ah ] Th a | P
START R/W=0 ACK JNe '@ Repeated START R/W=1 ACK NACK STOP

Figure 17. Read Operation from One Register

Read from one register in a device with single register

Device (Slave) Address (7 bits) Data Byte from Register (8 bits)

4 A 4 A

S [A6(A5| A4 | A3|A2(A1|A0| 1 | A|(D7|(D6|D5|D4|D3|D2|D1|(DO|NA| P
START R/W=1 ACK NACK STOP
Figure 18. Short Read Operation

The TPL0401x-10 has 1 register, and it is not a requirement that the register address be sent before a read. A
shorter read allows the user to simply send a read request to the device address as shown in Figure 18.

9.6 Register Maps

9.6.1 Slave Address
Table 2 and Table 3 show the TPLO401A-10 and TPL0401B-10 bit address repectively.

Table 2. TPLO401A-10 Bit Address

BIT 7 BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
(MSB) (LSB)
0 1 0 1 1 1 0 RIW

Table 3. TPL0O401B-10 Bit Address

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O

(MSB) (LSB)

0 1 1 1 1 1 0 R/W
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