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I. Overview

TM7707/8 Is used for low frequency measurement 2/3 The analog front end of the channel. The device can accept
low-level input signals directly from the sensor, and then generate a serial digital output. use Z-A Conversion technology
Technique achieved twenty four No missing code performance. The selected input signal is sent to an analog modulator based
Dedicated front end with programmable gain. The on-chip digital filter processes the output signal of the modulator. Send via on-chip control
The register can adjust the cut-off point of the filter and the output update rate, thereby entering the first notch of the digital filter
Line programming.
TM7707/8 Just 2.7~3.3V or 4.75~5.25V Single power supply. TM7707 Is dual channel fully differential
Analog input, while TM7708 Yes 3 Channel pseudo differential analog input, both have a differential reference input. When the
power supply voltage is 5V , The reference voltage is 2.5V When these two devices can change the input signal range from
0~+20mV To 0~+2.5V The signal is processed. Can also handle £20mV~+2.5V Bipolar input signal, for TM7707 So AIN (-)
The input terminal is the reference point, and TM7708 Yes COMMON
Input terminal. When the power supply voltage is 3V , The reference voltage is 1.225V Can be processed 0~+10mViTo
0~+1.225V Unipolar input signal, its bipolar input signal range is £+10mV To,x1.225V.
therefore, TM7707/8 can be realised 2/3 The conditioning and conversion of all signals in the chanpel system.
TM7707/7708 Is used in intelligent systems, microcontroller systems and based on DSP The ideal product of the system.
The serial interface can be configured as a three-wire interface. The selection ofsgain value, signal polarity and update rate can be serial
The input port is configured by software. The device also includes self-calibfation and'systemealibration options to eliminate the device itself or
The gain and offset error of the system.
CMOS The structure ensures that the device has extremelylow poweri@ensumption, and the power-down mode reduces the power consumption during

(Typical value). TM7707/8 use 16 foot SOPL Package.

2. Features

. TM7707 : 2 Fully differentialinput channelstARC.
M TM7708 : 3 Pseudo-differefitial input channels ADC
twenty four No missing code

0.003%,Non-linéar

° Rfogrammable gain front end
Gainih~ 128
. Three-wire serial interface

. Ability to buffer analog input

. 2.7 ~ 3.3V or 4.75 ~ 5.25V Operating Voltage

. 3V At voltage, the maximum power consumption is TmW
. The maximum waiting current is 8uA

. 16 foot SOP16L Package
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24 bit Analog to digital converter TM7707/8

Three, functional block diagram
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Fourth, pin arrangement'and function

TM7707 with TM7708,Pinout
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24 bit Analog to digital converter TM7707/8

Five, pin function

Number

ng name Weigh

Work can

SCLK

Serial clock, Schmitt logic input. Add an external serial clock to this
Enter the port to access TM7707/TM7708 Serial data. The serial clock

It can be a continuous clock that transmits all data in continuous bursts. Conversely, it also
It can be a non-continuous clock, and the information is sent to

TM7707/TM7708

MCLKIN

Provide the master clock signal for the converter. Can be in the form of crystal/resonator or external clock
provide. The crystal/resonator can be connected to MCLK IN with MCLK OUT Between two pins. In
addition, MCLK IN Also available CMOS Compatible clock driver,

and MCLK OUT Not connected. The range of clock frequency is 500kHz~5MHz

MCLK OUT

When the main clock is a crystal/resonator, the crystal/resonator is connected to MCLK IN with

MCLK OUT between. If in MCLK IN An external clocksisigennectedite the pin,

MCLK OUT An inverted clock signal will be provided. This clock£an be used for external

The circuit provides a clock source and cangdrive one EMOS load. If the user

No need, MCLK OUT Can be passed inghe elock register CLK DIS Bit off. In this way, the device will not
be MCLK OUT Drive capacitive load onthe pin and,consume

Unnecessary power

Cs

Chip select, active’low logic input, s€lect TM7707/TM7708 . Put
The pin is connected to low levelj\TM7707/8 Can operate in three-wire interface mode (in

SCLK, DINMwith DOUT Interface with the device). Multiple devices on the serial bus

In the softwarg system, CS Make a choice for these devices, or

TM7707/TM7708 When’Communicating, CS Can be used as a frame synchronization signal

RESET.

Resetinput. The low-level input is effective to combine the control logic, interface logic,

Calibration coefficients, digital filters and analog modulators are reset to the power-on state

AIN2(+)[AIN1]

for TM7707 ,

Differential analog input channel 2 The positive input terminal. for TM7708 ,

Analog input channel 1 Input

AIN1(+)[AIN2]

for TM7707 ,

Differential analog input channel 1 The positive input terminal. for TM7708 ,

Analog input channel 2 Input

AIN1(-)[COMMON] COMMON |

for TM7707 , Differential analog input channel 1 Negative input terminal; for TM7708 ,
nput terminal, analog channel 1, 2, 3 The input is based on this input

quasi-

REF IN (+)

Reference input. TM7707/TM7708 The positive input terminal of the differential reference input. base
Quasi-input is differential and stipulates REF IN (+) Must be greater than REF IN (-).

REF IN (+) Can take Voo with GND Any value between the reference input. TM7707/TM7708 The negative

10

REF IN (-)

input terminal of the differential reference input. REF
IN (-) can take Voo with GND Any value between and satisfy REF IN (+)

more than the REF IN (-)

11

AIN2 (-)[ AIN3]

for TM7707 ,

Differential analog input channel 2 The negative input terminal. for TM7708 ,

Analog input channel 3 Input

12

Logic output. A logic low level on this output indicates that TM7707 with
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TM7708 Get the new output word in the data register. Complete to a complete loss

After reading the word, DRDY The pin immediately returns to high level. If you lose twice

No data reading occurs between updates, DRDY Will be before the next output update

DRDY 500 X tcwin The time returns to high level. when DRDY When in the high level, the read operation cannot be
performed, so as to avoid the read operation when the data in the data register is being updated

Made. When the data is updated, DRDY It will return to low again. DRDY Also use

To indicate when TM7707/ TM7708 The on-chip calibration sequence serial data output terminal has been

completed. The serial data read from the on-chip output shift register is
13 DOUT This end is output. According to the register selection bit in the communication register, the shift register can pe

Contains information from communication registers, clock registers or data registers

Serial data input terminal. The serial data written to the on-chip input shift register is determined by
14 DIN This input. Enter the shift register according to the register selection bit in the communication register

The data in is transferred to the setting register, clock register or comménication register

15 Voo Power supply voltage, + 2.7V~+5.25V

16 GND Ground potential reference point of internal circuit

Six, limit parameters ( TA = +25 °C, unless otherwise specified)

Voo Correct GND -0.3V ~¥7\

Analog input voltage pair GND -0.3V ~V¥.op +0.3V
Reference input voltage pair GND 40.3V)~ Vbp + 0.3V
Digital input voltage pair GND -0.3V ~ Viop + 0.3V
Digital output voltage pair GND -0.3V ~ Voo + 0.3V
Operating temperature range (commercial grade, B ) -40 °C~+ 85 °C

Storage temperature range -65°C~+ 150 °C

Junction temperature + 150 °C

Power consumption (plastic BDIP Package) 450mW

8 sa Thermal resistance 105 °C/ W

Pin temperature (goldering, 10 second) + 260 °C

Power consufption (plastic SOIC Package) 450mW

8 sa Thermal resistance 75°C/W

Pin temperature (soldering)

Vapor phase ( 60 second) +215°C
infrared( 15 second) + 220 °C
Power consumption ( SSOP Package) 450mW
6 Ja Thermal resistance 139 °C/ W

Pin temperature (soldering)

Vapor phase ( 60 second) +215°C
infrared( 15 second) + 220 °C
anti- ESD > 4000V

Note: Strength exceeding the listed limit parameters may cause permanent damage to the device. These are just limit parameters,
It does not mean that the device is under extreme conditions or in any other conditions that exceed the parameters shown in the recommended operating cond

Pieces can work effectively. Extending the working time under extreme parameter conditions will affect the reliability of the device.
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Seven, electrical characteristics

(Vop=+ 3V Or + 5V, REF IN (+)=+ 1.225V ; REF IN (-)= GND, MCLK IN
=2.4576MHz , T A= T min ~ T max ,unless Otherwise stated ).

Parameter B Version 1 Units Conditions/Comments
STATIC PERFORMANCE
Guaranteed by Design. Filter Notch <60
No Missing Codes 16 Bits min
Hz
See Tables | and Il Dependson Filter Cutoffs and Selected
Output Noise
Gain
. . ,+0.003 %of FSR Filter Notch <60 Hz. Typically max
Integral Nonlinearity
0.0003%
Unipolar Offset Error See Note3
Unipolar Offset Drift 4 0.5 HV/ °C typ
Bipolar Zero Error See Note 3
Bipolar Zero Drifts 0.5 HV/ °C typ For/Gains1,2and4 uV/ °C typ For
0.1 Gains8,16,82/64and128
Positive Full-Scale
5 See Note3
Error
Full-Scale Drift 46 0.5 VL °C typ
Gain Error~ See Note3
ppm of
Gain Driftss 0.5 FSR/°C
typ
%of
Bipolar Negative Full
+0.003 FSR/°C Typically0.001%
-Scale Error
typ
Bipolar Negative Full
1 HV/ °C typ For Gains of 1 to 4
-Scale Drift
0.6 HV/ °C typ For Gains of 8 to 128
Specifications for AIN and REF IN
ANALOG INPUTS/REFERENCE INPUTS
UnlessNoted
Input Common-Mode Rejection(CMR) 2
Vo= 5V
Gain=1 96 dB typ
Gain=2 105 dB typ
Gain=4 110 dB typ
Gain=8 —> 128 130 dB typ
V pp= 3V
Gain=1 105 dB typ
Gain=2 110 dB typ
Gain=4 120 dB typ
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Gain=8 —> 128 130 dB typ
Normal-Mode50Hz For Filter Notches of
98 dB typ
Rejection: 25Hz, 50Hz, +0.02x%f noTcH
Normal-Mode60Hz For Filter Notches of
98 dB typ
Rejection: 20Hz, 60Hz, +0.02x%f noTcH
Common-Mode 50Hz For Filter Notches of
150 dB typ
Rejection 2 25Hz, 50Hz, £0.02xf noTcH
Common-Mode 60Hz For Filter Notches of
150 dB typ
Rejection 2 20Hz, 60HZz, £0.02xf noTcH
Absolute/Common-M GND to[V oo Vmin to
ode REF IN Voltage 2 V mas
Absolute/Common-M GND—30mV Vmin BUF Bit of Setup Register=0
ode AIN Voltage:z.s
V oo+ 30mV Vmax
Absolute/Common-M GND+50mV Vmin BUF Bit-of'Setup Register=1
ode AIN Voltage:z.s
Vop -1.5V Vmax
AIN DC Input 1 nAmax
Current2
AIN 10 pF max
SamplingCapacitanc
e2
AIN Differential Unipolar Input Range(B/U Bit of Setup
0to+V rers GAIN 14 nom
Voltage Range 10 Register=1)
*V rer/ GAIN nom Bipolar Input Range(B/U Bit of Setup
Register=0)
AIN Input Sampling GAINxfcLin 64 For Gains of 1 to 4
Rate,fs
fokni 8 For Gains of 8 to 128
Referencelnput
Range
REFIN(+)—REFIN( -) Vmin/ma V =2.7V{e3.3V.V rer- 1.225+1
11.75
Voltage x % for Specifled Performance
REFIN(+)—REFIN( -) Vmin/ma V =4.75)$05.25V.V rer- 2.5+1
1/3.5
Voltage x % for Specifled Performance
REF IN Input
fcukiv 64
SamplingRate, fs
LOGIC INPUTS
Input Current
All Inputs Except | MAmMax Typically*20nA
MCLK IN
MCLK *10 MAmMax Typically*20uA

All Inputs Except
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SCLK and MCLK IN
Vnt, Input Low 0.8 Vmax V pp= 5V
Voltage
0.4 Vmax Vo= 3V

VnL, Input High 2.0 Vmin Vo= 3V and 5V
Voltage
SCLK Only(Schmitt Vo= 5V NOMINAL
Triggered Input)
Ve 1.4/3 Vmin/V

max
Vi 0.8/1.4 Vmin/V

max
Ve V1 0.4/0.8 Vmin/V

max
SCLK Only(Schmitt
Triggered Input)
Vs 1/2.5 Vmin/Vm

ax
Vi 0.4/1.1 Vmin/Vm

ax
VVr 0.375/0.8 Vmin/Vm

ax
MCLK IN Only Vo= 5V NOMINAL
Vnt, Input Low 0.8 V' max
Voltage
Ve, Input High 3.5 V min
Voltage
MCLK IN Only Vo= 3V NOMINAL
Vn, Input llow 0.4 V max
Voltage
Vn, Input High 25 V min
Voltage
LOGIC OUTPUTS(Including MCLK OUT)
VoL, Output Low 0.4 V max I sink= 800pA Exceptfor MCLK
Voltage OUT. 12V po= 5V.
VoL, Output Low 0.4 V max I sink= 100pA Exceptfor MCLK
Voltage OUT. 12V po= 3V.
V on, Output High 4 V min I source= 200pA Exceptfor
Voltage MCLK OUT. 12V pp- 5V.
V on, Output High Voo —0.6 V min I source= 100pA Exceptfor
Voltage MCLK OUT. 12V pp= 3V.
Floating 10 MAmax
StateLeakage
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Current
Floating StateOutput 9 pF typ
Capacitance 13
Data Output Coding Binary Unipolar Mode
OffsetBinary Bipolar Mode
SYSTEM CALIBRATION
Positive Full—Scale (1.0 5% Vrer) V max GAIN Is the Selected PGA Gain(1
Calibration Limit 14 GAIN to 128)
Negative Full—Scale — (1.0 5% VRer) V max GAIN Is the Selected PGA Gain(1
Calibration Limit 14 GAIN to 128)
Offset Calibration — (1.0 5% VRer) V max GAIN Is the Selected PGA Gain(1
Limit 14 GAIN to 128)
Input Span 15 (0. 8% Vrery GAIN V min GAIN Is the Selected’PGA Gain(1
to 128)
(2.1 X Vrery GAIN V max GAIN IssthetSelectediPGA Gain(1
to 128)
POWER REQUIREMENTS
Voo Voltage +2.7 to +3.3 Vmin to For Specified Performance
Vmax
Digital I/Ps=0V or Voo. External MCLK IN
and CLK DIS=1
0.32 mAmax BUF Bit=0. fcxin- 1IMHz.Gains
of 1to 128
0.6 mAmax BUF Bit=1. fc.kn=- 1IMHz.Gains
Power Supply of 1to 128
Currents 16 0.4 mAmax BUF Bit=0Of cLkin=- 2.4576MHz.
Gains of 1 to 4
0.6 mAmax BUF Bit=0. fcLkin- 2.4576MHz.
Gains of 8 to 128
0.7 mAmax BUF Bit=0. fcLkin- 2.4576MHz.
Gains of 1 to 4
1.1 mAmax BUF Bit=1. fcLkin- 2.4576MHz.
Gains of 8 to 128
+4.75 to +5.25 Vmin For Specified Performance
Voo Voltage
toVmax
Digital I/Ps=0V or V oo. External MCLK IN
and CLK DIS=1.
Power Supply 0.45 mAmax BUF Bit=0. f c.kin=- 1MHz.Gains
Currents 16 of 1 to 128
0.7 mAmax BUF Bit=1. fc.kn=- 1IMHz.Gains
of 1to 128
0.6 mAmax BUF Bit=0. f cLxin- 2.4576 MHz.

Gains of 1to 4

© Titan Micro Electronics

www.titanmec.com - 8-




® TITAN MICRO™
7& ELECTRONICS “*™"™* ™

0.85 mAmax BUF Bit=0. fcLkin= 2.4576MHz.
Gains of 8 to 128

0.9 mAmax BUF Bit=1. fcLkin= 2.4576MHz.
Gains of 1to 4

1.3 mAmax BUF Bit=1. fcLkin= 2.4576MHz.
Gains of 8 to 128

16 MAmax External MCLK IN=0V or V oo.
Standby(Power-Dow Vo= 5V.See Figure 9
n)Current 17 8 HAmax External MCLK IN=0V or V oo.
Vo= 3V
Power Supply See Note 19 dB typ

Rejection 18

Notes:

1. B Grade temperature range is- 40 °C~+ 85 °C.

2. These data are released according to the originally designed product.

3. A calibration is actually a conversion, so these errors are the table 1 And table 3 The order of the switchinggioise shown. This applies after
calibration at the desired temperature.

4, Recalibration under any temperature conditions will remove these drift errors.

5.  Positive full-scale error includes zero-scale error ( Zero-Scale Error ) (Unipolaroffset'€rror orbipolar zero error), and it is suitable for
both unipolar input range and bipolar input range.

6. Full-scale drift includes zero-scale drift (unipolar offset drift or bipolar.zero drift) and, isssuitable for unipolar and
Bipolar input range.

7. Gain error does not include zero-scale error, it is calgulated &s full-scale efror-unipolar offset for unipolar range
Error, and for bipolar range is full-scale error-bip@lar zerg error.

8. Gain error drift does not include unipolar offset drift and unipolarZero drift. When only the zero-scale calibration is completed, add
The gain error is actuallygthe amount of drift of theydevice.

9. Common mode voltage rangeganalog input voltage does not exceed V oo+ 30mV ,not lower than GND-30mV . Voltage is lower than
GND-200my/#When, the device funetion is effective, the leakage current will increase at high temperature.

10. Givendiere?AIN (+) terminal analeg input voltage range, right TM7707 In terms of AIN (-)
Terminal voltage“Cerrect TM7708 In terms of COMMON Input terminal. The input analog voltage should not exceed V oo+ 30mV,
Should not be lower than'&ND-30mV . GND-200mV The input voltage can also be used, but the leakage current will increase at high temperatures.

11. VREF=REF IN (+)- REF IN (-).

12. Only when loading one CMOS Load, these logic output levels are only suitable for MCLK OUT .

13. +25 Test samples at °C to ensure consistency.

14. After calibration, if the analog input exceeds the positive full scale, the converter will output full 1, If the analog input is below the negative full scale,
Will output all 0 .

15. The limit of the calibration voltage applied to the analog input terminal should not exceed V oo+ 30mV Or less than GND - 30mV .

16. When using a crystal or ceramic resonator as the clock source of the device (by MCLK Pin), Voo Current and power consumption
Varies with the type of crystal and resonator (see the "Clock and Oscillator Circuit" section).

17. In wait mode, the external main clock continues to run, 5V Wait for the current to increase to 150 y A, 3V Electricity
Increase to 75 p A . When a crystal or ceramic resonator is used as the clock source of the device, the internal oscillator continues to run in the wait
mode, and the power consumption of the power supply varies with the type of crystal and resonator (see "Wait Mode"
one period)

18. Measured in the DC state, applicable to the selected passband. 50Hz Time, PSRR exceed 120dB (Filter notch

© Titan Micro Electronics V1.1 www.titanmec.com -9-
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for 25Hz or 50Hz ). 60Hz Time, PSRR exceed 120dB (The filter notch is 20Hz or 60Hz ).

19. PSRR By gain and Voo Decide as follows:

Gain 1 2 4 8~128
V pp= 3V 86 78 85 93
V pp= 5V 90 78 84 91

8. Timing parameters

(Vop=+2.7V~+5.2V ; GND=0V ; fcLkin=2.4567MHz ; Input Logic 0=0V ,

Logic 1 = Vb Unless otherwise Description)

Limit at
Parameter T miN, T max Units Conditions/Comments
(B Version)
24 Master Clock Frequeney: Crystal Oscillator
feikin 400 kHzmin
or Externally Supplied for Spécified
2.5 MHz max Performance
Master Clock Input Low Time.
tckinLo 0.4xt cLkin ns min
tictkin="D4 f cLxiN
toLkinHl 0.4xt cLkin ns min Master ClocksInput High Time. DRDY
ti 500xt cLkin ns mon High Time
t2 100 ns min RESETPulsewidth
Read Operation
ts 0 ns min DRDY to CS Setup Time
ts 120 ns min gFalling Edge to SCLK Rising Edge
Setup Time
ts 0 ns min SCLK Falling Edge to Data Valid Delay
80 ns max V pp=+ 5V
100 ns max V pbp=+ 3.0V
te 100 ns min SCLK High Pulsewidth
tr 100 ns min SCLK Low Pulsewidth
ERising Edge to SCLK Rising Edge Hold
ts 0 ns min
Time
tg 10 ns min Bus RelinguishTimeafter SCLK
Rising Edge
60 ns max V pp=+ 5V
100 ns max V pp=+ 3.0V
tio 100 ns max SCLK Falling Edge to DRDY High~
Write Operation
tn 120 ns min gFalling Edge to SCLK Rising Edge
Setup Time
t2 30 ns min Data Valid to SCLK Rising Edge
© Titan Micro Electronics V1.1 www.titanmec.com
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Setup Time

tis 20 ns min Data Valid to SCLK Rising Edge Hold
Time

tis 100 ns min SCLK High Pulsewidth

tis 100 ns min SCLK High Pulsewidth

tie 0 ns min ERising Edge to SCLK Rising Edge
Hold Time

Notes:

1. The sample test temperature is + 25 °C to ensure consistency. All input signals meet: tr- tr= 5ns ( Voo

of 10%~90% ), and from 1.6V Level timing.

2. See picture 16 And figure 17 .

3. feukn The duty cycle is 45%~55% . as long as TM7707/8 Not in wait mode, must provide fcicn . At this

In this case, if there is no clock, the device will draw more current than specified and may become uncalibrated.

4. fokin=2.4567MHz Carry out production test from time to time to ensure the device works 400kHz .

5.
6.

TOUTPUT O

These numbers are in the figure 1 Measured under the load circuit. They are defined as output through®V o. or' Vo

The value is in the data output as 0.5V Measured at the time (the load situation is shown in the figure 14 Shown)hen the measured value is pushed
Play back to eliminate 50pF The effect of capacitor charging or discharging. This means that allmentionediin,the timing parameter table

The time values are the real bus withdrawal time ( relinquish time ), and therefore there is'n@,connection with the external bus load capacitance
turn off.

After the output is updated, DRDY Return to high level after reading from the device for the firstitime. when DRDY When it is high, if

If necessary, the same data can be read again. But it must be noted that'after the next output update, random randomness will not happen soon.

After reading.

100HA AT Vpp =+3V)

PIN +1.6V

S50pF

IHi—

lsource (200HA AT Vpp =+5V
100HA AT Vpp =+3V)
2] 64 5] # wi5E

Bl A e
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Nine, typical characteristic curve

32771 T T T 12 T T
Vg = 5V Ty = 429G Vg = 3V | | l | | |
az770 | VRer = 25V |- RMS NOISE = 600nV. Ta=+1FC BUFFERED MODE, GAIN =128
GAIN =128 1.0
50Mz UPDATE RATE \'l
327689 | L : 1 e,
0.8
o 32768
<
u 3 BUFFERED MODE, GAIN =
w 32767 | 08
=] 8 \ I
(=) - et
© 3z788 5 T T 14
e
JZTES __-—-—-—"'7Z
0.2 1 UNBUFFERED MODE, GAIN = 128
32764 I I I
UNBUFFERED MODE, GAIN =1
12783 0 | | | | 1 1
100 200 300 400 500 BO0 70O BOO 500 1000 04 0OE 0B 10 12 14 16 18 20 22 24 128
READING NO. FREQUENCY — MHz
B2 AAESHK (FHA=128, B3  IpSMCLKIN #HE4)
2 dfir F=50Hz ) %% (3WVEEBEER)
12 — —
Vo = BV 1.2
oo | 1 BUFFERED MODE
Ta= +28C | —1 fo = SMHZ,
10 CLKDIV =1
L — /' 10 T i £
= UNBUFFERED MO BUFFERED MODE
BUFFERED MODE, GAIN = 128 T v = 1MHz, fo = 24676MHz, CLKDIV =0| ]
0.8 — QKL e i i ‘
BUFFERED MODE, GAIN =1 [ 0.8 CLKDIV = UNBUFFERED MODE |
| — faLi= SMHz, CLKDIV= 1
g ..-}"'"._‘--""‘"-. % 2 / oLk :
I 06 = 1
fm] et 0.6
-] | | e 1 =
E-l 1 L,—-—-_.—- 8 N ]
) | UNBUFFERED MODE
4 7 1 ok foy = 24676MHz, CLKDIV =0 |
| / UNBUFFERED MODE, GAIN = 124 : 3
02 / I ‘| 02| Voo =5V | -
UNBUFFERED MODE, GAIN =1 2" EXTERMAL MCLK | ~BUFFERED MODE
CLKDIS =1 foLx= IMHz, CLKDIV =0
[ 11111 s ik
D4 06 08 10 12 14 16 18 20 22 24 286 0 : -
FREQUENCY — MHz 1 2 4 B 16 32 64 128 =2
GAIN 70
BH6 IppSMCLKIN ##4)%E (SVRELE) BH7 lppSiEafimitaEe i (SVRIBESRE
4 IppS9FF MR IS0 XA LIV R s ) &2 1T L9 99 &L IF 9] FRAR ST

10. Output noise

10.1TM7707/8 5V Output,noise
table 1a Meafs wheh f CLKIN= 2.4576MH z When, for some typical notches and- 3dB frequency, TM7707/8 The output rms noise and effective
resolution; tablé 1b Gives f cLkiN= 1MHZ Time data. The data given applies to V REF
As + 2.5V And BUFFER=0 Thelbipolar input range. These data are typical values and the analog input voltage is 0V Under the circumstances. The data in
parentheses in each table is the effectivé resolution of the period (rounded to the nearest 0.5LSB )
The effective resolution of the device is defined as the output rms noise and the input full scale (ie, 2 X V Rer/ GAIN )Ratio. should
Note that it is not calculated using peak-to-peak output noise data. Peak-to-peak noise data can be as high as the root mean square data 6.6 Times,
At the same time, the effective resolution data based on peak-to-peak noise can be compared with the effective resolution based on rms noise shown in the slogan in the table.

Low resolution 2.5 Bit.
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The output noise of the device comes from two sources. The first source is the electrical noise of the semiconductor devices used in the implementation of the modulator.

Piece noise) . Second, when the analog input signal is converted to the digital domain, quantization noise is added. Device noise is low level

And basically has nothing to do with frequency. The quantization noise starts at a fairly low level, but rises rapidly as the frequency increases to become

The main noise source. Therefore, the lower filter notch setting (for f CLKIN= 2.4576MH z , About below 100MHZ ,

for f cLKIN= 1MH z , About below 40H z ) Is controlled by the device noise, and the setting of the higher notch is controlled by the quantization noise

system. As table | As shown, the change of the filter notch and cutoff frequency in the quantization noise control domain will be greater than that in the device noise control domain
The change in is independent of the gain in noise performance. At the same time, device noise is added to PGA Medium, therefore, high frequency at lower notches

In the case of gain, the effective resolution will decrease. In addition, in the device noise control area, the output noise (with p V meter)

Basically it has nothing to do with the reference voltage; in the quantization noise control area, the noise ratio is based on the value of the reference. Adopted on the device
Post-filtering may improve the output data rate for a given -3dB frequency, and further reduce the output

Out of noise.

Set at the lower filter notch ( f CLKIN= 2.4576MH z Time below 60Hz , f CLKIN= 1MH Z ) Case,

The error-free performance of the device is at twenty four Bit level. In the case of a higher setting, more errors will be generated until the

f CLKIN= 2.4576MH z When the notch is set to 1kHz ( f cLKIN= 1MH z Set as 400Hz )until. Only for 12 Bits guarantee error-free performance.

table 1a fCLKIN=2.4576MHZ , BUFFER=0 Time

TM7707/8 Output noisefesolution and gain 1 The relationship of a notch ( 5V Voltage)

:::Irt:tr Typical Output RMS Noise in p V(Effective Resolution in bits)
Notch and
Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P — 3 dB
Data Rate
1 2 4 8 16 32 64 128
Frequency
5Hz 0.87 0.48 0.24 0.2 0.18 0.17 0.17 0.17
1.31Hz (22.5) (22.5) (225) (21.5) (20.5) (20) (19) (18)
10Hz 1.0 0.78 0.48 0.33 0.25 0.25 0.25 0.25
2.62Hz (22.5) (21.5) (21.5) (twenty one) | (20.5) (19.5) (18.5) (17.5)
25Hz 1.8 11 0.63 0.5 0.44 0.41 0.38 0.38
6.55Hz 21.5 (twenty one (twentyone)  (20) (19.5) (18.5) (17.5) (16.5)
30Hz 25 1.31 0.84 0.57 0.46 0.43 0.4 0.4
7.86Hz (twenty one) ¢ (twenty one)  (20.5) (20) (19.5) (18.5) (17.5) (16.5)
50Hz 4.33 2.06 1.2 0.64 0.54 0.46 0.46 0.46
13.1Hz (20) (20) (20) (20) (19) (18.5) (17.5) (16.5)
60Hz 5.28 2.36 1.33 0.87 0.63 0.62 0.6 0.56
15.72Hz (20) (20) (20) (19.5) (19) (18) 17) (16)
100 Hz 121 5.9 2.86 1.91 1.06 0.83 0.82 0.76
26.2 Hz (18.5) (18.5) (19) (18.5) (18) (17.5) (16.5) (15.5)
250Hz 127 58 29 15.9 6.7 3.72 1.96 1.5
65.5Hz (15.5) (15.5) (15.5) (15.5) (15.5) (15.5) (15.5) (14.5)
500Hz 533 267 137 66 38 20 8.6 44
131Hz (13) (13) (13) (13) (13) (13) (13) (13)
© Titan Micro Electronics V1.1 www.titanmec.com
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1Hz 2850 1258 680 297 131 99 53 28
262Hz (1) (1) (1) (1) (11) (10.5) (10.5) (10.5)
table 1b fCLKIN=1MHZ , BUFFER=0 Time
TM7707/8 Output noisefesolution and gain 1 The relationship of a notch ( 5V Voltage)
Filter
= Typical Output RMS Noise in p V(Effective Resolution in bits)
Notch and
Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P —3dB
Data Rate
1 2 4 8 16 32 64 128
Frequency
2Hz 0.75 0.56 0.31 0.19 0.17 0.14 0.14 0.14
0.52Hz (22.5) (twenty two) (twenty two)|  (21.5) (twenty one) (20) (19) (18)
0.21
4Hz 1.04 0.88 0.45 0.28 0.21 0.21 0.21
1.05Hz (twenty two)|  (21.5) (21.5) (twenty one)  (20.5) (1975) (8.3 (17.5)
10Hz 1.66 1.01 0.77 0.41 0.27 0.35 0.35 0.35
2.62Hz (21.5) (21.5) (20.5) (20.5) (19:5) (19) (18) (17)
25Hz 5.2 2.06 1.4 0.86 0.63 0.61 0.59 0.59
6.55Hz (20) (20) (20) (19.5) (19) (18) (7 (16)
30Hz 71 3.28 1.42 1.07 0.78 0.64 0.61 0.61
7.86Hz (19.5) (19.5) (19.5) (19) (18.5) (18) (7) (16)
50Hz 19.4 9.11 4.2 2.45 1.56 1.1 0.82 0.8
13.1Hz (18) (18) (8) (18) (17.5) (17) (16.5) (15.5)
60Hz 25 16 6.5 29 1.93 14 1.1 0.98
15.72Hz (17.5) (17.5) (17:5) (17.5) (17.5) (A7) (16) (15.5)
100Hz 102 58 25 13.5 5.7 3.9 21 1.3
26.2Hz (1566) (15.5) (15.5) (15.5) (15.5) (15.5) (15) (15)
200Hz 637 259 130 76 33 16 1" 6
52.4Hz (13) (13) (13) (13) (13) (13) (13) (12.5)
400Hz 2830 1430 720 334 220 94 54 25
104.8Hz (11) (1) (1) (1) (10.5) (10.5) (10.5) (10.5)

10.2 TM7707/8 3V Output noise

table 2a Means when f CLKIN= 2.4576MH z When, for some typical notches and- 3dB frequency, TM7707/8 The output rms noise and effective
resolution; table 2b Gives f cLKIN= 1MHZ Time data. The data given applies to V REF
As + 1.25V And BUFFER=0 The bipolar input range. These data are typical values and the analog input voltage is 0V Under the circumstances. The data in
parentheses in each table is the effective resolution of the device (rounded to the nearest 0.5LSB )
The effective resolution of the device is defined as the output rms noise and the input full scale (ie, 2 X V REF/ GAIN )Ratio. should
Note that it is not calculated using peak-to-peak output noise data. Peak-to-peak noise data can be as high as the root mean square data 6.6 Times,
At the same time, the effective resolution data based on peak-to-peak noise can be compared with the effective resolution based on rms noise shown in the slogan in the table.
Low resolution 2.5 Bit.

The output noise of the device comes from two sources. The first source is the electrical noise of the semiconductor devices used in the implementation of the modulator.
© Titan Micro Electronics V1.1 www.titanmec.com
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Piece noise) . Second, when the analog input signal is converted to the digital domain, quantization noise is added. Device noise is low level

And basically has nothing to do with frequency. The quantization noise starts at a fairly low level, but rises rapidly as the frequency increases to become
The main noise source. Therefore, the lower filter notch setting (for f CLKIN= 2.4576MH z , About below 100HZ ,
for f cLKIN= 1MH z , About below 40H z ) Is controlled by the device noise, and the setting of the higher notch is controlled by the quantization noise
system. As table | As shown, the change of the filter notch and cutoff frequency in the quantization noise control domain will be greater than that in the device noise control domain
The change in is independent of the gain in noise performance. At the same time, device noise is added to PGA Medium, therefore, high frequency at lower notches
In the case of gain, the effective resolution will decrease. In addition, in the device noise control area, the output noise (with p V meter)
Basically it has nothing to do with the reference voltage; in the quantization noise control area, the noise ratio is based on the value of the reference. Adopted on the device
Post-filtering may improve the output data rate for a given -3dB frequency, and further reduce the output
Out of noise.
Set at the lower filter notch ( f CLKIN= 2.4576MH z Time below 60Hz , f CLKIN= 1MH z ) Case,
The error-free performance of the device is at twenty four Bit level. In the case of a higher setting, more errors will be generated until the

f CLKIN= 2.4576MH z When the notch is set to 1kHz ( f CLKIN= 1MH z Set as 400Hz )until. Only for 12 Bits guaranitee error-free performance.

table 2a fCLKIN=2.4576MHZ , BUFFER=0 Time

TM7707/8 Output noisefesolution and gain 1 Notch relationship ( 3V Voltage)

i:::r Typical Output RMS Noise in p V(Effective Resolution in bits)
Notch and Gain
Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P — 3 dB of
Data Rate
1 2 4 8 16 32 64 128
Frequency
5Hz 1.07 0.68 0.29 0.24 0.22 0.17 0.17 0.17
1.31Hz (twenty one) | (twenty one)d, (twentyone) |\ (20) (19.5) (20) (19) (18)
10Hz 1.69 1.1 0.56 0.35 0.33 0.33 0.33 0.33
2.62Hz (205) 20) (209 (19.5) (19) (8) ur) (16)
25Hz 3.03 1.7 0.89 0.55 0.49 0.46 0.46 0.45
6.55Hz (19.59 (19.5) (19.5) (19) (18.5) (17.5) (16.5) (15.5)
30Hz 365 21 1.1 0.61 0.58 0.57 0.55 0.55
7.86Hz (19.5) (19) (19) (18.5) (18) (17) (16) (15)
50Hz 4.72 273 1.5 0.84 0.7 0.68 0.67 0.66
13.1Hz (19) (19) (18.5) (18.5) (18) u7) (16) (15)
60Hz 5.12 31 1.6 0.98 0.9 0.7 0.69 0.68
15.72Hz (19) (18.5) (18) (18) (17.5) u7) (16) (18)
100 Hz 9.68 5.6 24 1.3 1.1 0.95 0.88 0.9
26.2 Hz (18) (18) (18) (18) (17) (16.5) (15.5) (14.5)
250Hz 44 31 15 5.8 3.7 24 1.8 1.5
65.5Hz (16) (15.5) (15.5) (15.5) (15.5) 15) (14.5) (14.5)
500Hz 304 129 76 33 20 1 6.3 3
131Hz (13) (13) (13) (13) (13) (13) (12.5) (12.5)
1Hz 1410 715 350 177 101 51 31 12
262Hz (1) (11) (11) (1) (10.5) (10.5) (10.5) (10.5)
© Titan Micro Electronics V1.1 www.titanmec.com
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table 2b fCLKIN=1MHZ , BUFFER=0 Time

TM7707/8 Output noisefesolution and gain 1 Notch relationship ( 3V Voltage)

E::'tsetr Typical Output RMS Noise in y V(Effective Resolution in bits)
Notch and Gain
Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P —3dB of
Data Rate
1 2 4 8 16 32 64 128
Frequency
2Hz 0.86 0.58 0.32 0.21 0.2 0.2 0.2 0.2
0.52Hz (21.5) (twentyone)  (twentyone)  (20.5) (19.5) (18.5) (17.5) (16.5)
4Hz 1.26 0.74 0.44 0.35 0.3 0.3 0.3 0.3
1.05Hz (twenty one)|  (20.5) (20.5) (20) (19) (18) (17 (16)
10Hz 1.68 1.33 0.73 0.5 0.49 0.49 0.48 0.47
2.62Hz (20.5) (20) (20) (19) (18.5) (17.5) (165) (15.5)
25Hz 3.82 2.0 1.2 0.88 0.66 0.57 0.55 0.55
6.55Hz (19.5) (19.5) (19) (18.5) (18) (17) (16) (15)
30Hz 4.88 21 1.3 0.93 0.82 0.69 0.68 0.66
7.86Hz (19) (19) (19) (18.5) (17-5) An (16) (15)
50Hz 61 30 12 6.1 2.9 24 1.8 1.8
13.1Hz (15.5) (15.5) (15.5) (15.5) (15.5) (15) (14.5) (13.5)
60Hz 25 16 6.5 29 1.93 1.4 1.1 0.98
15.72Hz (17.5) (17.5) (17.5) (17.5) (17.5) (7 (16) (15.5)
100Hz 102 58 25 135 5.7 3.9 21 1.3
26.2Hz (15.5) (15.5) (15.5) (15/5) (15.5) (15.5) (15) (15)
200Hz 275 130 65 33 17 1 6.3 3
52.4Hz (13) (13) (13) (13) (13) (13) (12.5) (12.5)
400Hz 1435 720 362 175 110 51 31 12
104.8Hz (1) (11) (11) (1) (10.5) (10.5) (10.5) (10.5)

10.3 Buffer mode outputinoise
table 3 Means when f CLKIN=2.4576MH z with BUFFER=+5V When, for some typical notches and- 3dB frequency,
TM7707/8 The output rms noise and effective resolution; table 4 Gives f CLKIN= 2.4576MHz with BUFFER=+5V
Time TM7707/8 The data. The data given applies to the bipolar input range and has 0V Differential analog input voltage generation.
for TM7707/8 , VDD=5V Time V REF Voltage is + 2.5V ;for TM7707/8 , VDD=3V Time V REF Voltage
As + 1.25V . The effective resolution of the data device in the brackets in each table (rounded to the nearest 0.5LSB ). Device
The effective resolution of the device is defined as the output rms noise and the input full scale (ie, 2 X V Rer/ GAIN )Ratio. It should be noted
It is not calculated using peak-to-peak output noise data. Peak-to-peak noise data can be as high as the root mean square data 6.6 Times, the same

The effective resolution data based on peak-to-peak noise can be compared with the effective resolution based on root mean square noise shown in the slogan in the table.

Low rate 2.5 Bit.

table 3 fCLKIN=2.4576MHZ Time TM7707/8 Output noise in buffer mode/resolution ( 5V Voltage)

© Titan Micro Electronics V1.1 www.titanmec.com

-16-



/7

® TITAN MICRO™
/i ELECTRONICS

24 bit Analog to digital converter TM7707/8

Filter Typical Output RMS Noise in p V(Effective Resolution in bits)
First
Notch and
Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P —3dB
Data Rate
1 2 4 8 16 32 64 128
Frequency
5Hz 0.99 0.68 0.46 0.26 0.26 0.26 0.26 0.260
1.31Hz (22.5) (twenty two) | (21.5) (twentyone) | (20) (19) (18) 7
10Hz 1.5 0.95 0.63 0.41 0.39 0.36 0.36 0.36
2.62Hz (21.5) (21.5) (twenty one) | (20.5) (19.5) (18.5) (17.5) (16.5)
25Hz 25 1.7 0.88 0.75 0.57 0.57 0.57 0.56
6.55Hz (twenty one ) 20.5 (20.5) (19.5) (19) (18) (17) (16)
30Hz 29 1.8 1 0.87 0.75 0.72 0.72 0.71
7.86Hz (20.5) (20.5) (20) (19.5) (18.5) (17.5) (16.5) (15.5)
50Hz 4.2 25 1.5 1.1 0.94 0.94 0.94 0.87
13.1Hz (20) (20) (19.5) (19) (18.5) (17.5) (17.5) (15.5)
60Hz 6.1 29 2 1.2 (] 0.97 0.95 0.94
15.72Hz (19.5) (19.5) (19.5) (19) (,18.5) (17.5) (16.5) (15.5)
100 Hz 13.8 6.5 3.5 2.2 1.3 1.2 1.3 1.1
26.2 Hz (18.5) (18.5) (18.5) (18) (18) 7 (16) (15)
250Hz 87 56 25 1 5.7 3.6 24 21
65.5Hz (16) (15.5) (15.5) (1545) (15.5) (15.59) (15) (14)
500Hz 508 241 117 73 34 16 8.5 5.2
131Hz (13.5) (13.5) (13°5) (13) (13) (13) (13) (13)
1Hz 2860 1700 745 480 197 94 53 twenty thref
262Hz (11) (10.5) (10.5) (10.5) (10.5) (10.5) (10.5) (10.5)
table 4 fCLKIN=2.4576NIHZ Time TM7707/8 Output noise in buffer mode/resolution ( 3V Voltage)
Filter Typical Output RMS Noise in p V(Effective Resolution in bits)
First
Notch and
Gain of Gain of Gain of Gain of Gain of Gain of Gain of Gain of
O/P —3dB
Data Rate
1 2 4 8 16 32 64 128
Frequency
5Hz 1.16 0.76 0.34 0.29 0.29 0.28 0.26 0.26
1.31Hz (twenty one)  (20.5) (20) (20) (19) (18) (17) (16)
10Hz 1.5 0.95 0.63 0.41 0.39 0.36 0.36 0.36
2.62Hz (21.5) (21.5) (twenty one)l  (20.5) (19.5) (18.5) (17.5) (16.5)
25Hz 25 1.7 0.88 0.75 0.57 0.57 0.57 0.56
6.55Hz (twenty one)  (20.5) (20.5) (19.5) (19) (18) (17) (16)
30Hz 3.7 2.2 1.3 0.76 0.68 0.66 0.66 0.66
© Titan Micro Electronics V1.1 www.titanmec.com
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7.86Hz (19.5) (19) (19) (18.5) (18) (7) (16) (15)
50Hz 4.5 3 1.7 1.0 0.92 0.9 0.89 0.89
13.1Hz (19) (18.5) (18.5) (18) (17.5) (16.5) (15.5) (14.5)
60Hz 5.3 3.3 1.8 11 1 0.96 0.96 0.96
15.72Hz (19) (18.5) (18.5) (18) (7) (16.5) (15.5) (14.5)
100Hz 10 4.9 3.1 1.5 1.2 1.2 1.2 1.2
26.2Hz (18) (18) (17.5) (17.5) (7) (16) (15) (14)
250Hz 47 29 15 7.5 4.7 2.6 2.5 1.5
65.5Hz (15.5) (15.5) (15.5) (15.5) (15) (15) (14) (13.5)
500Hz 300 171 74 25 twenty one| 8.6 5.6 3.1
131Hz (13.5) (13) (13) (13) (13) (13) (13) (12.5)
1 Hz 1722 723 380 230 93 55 30 12
262 Hz (10.5) (10.5) (10.5) (10.5) (10.5) (10.5) (10.5) (10.5)

11. On-chip registers

TM7707/8 Includes 8 These registers are accessed through the serial port of the device.
The first is the communication register, which manages the channel selectjon, determines whether the next operation is a read operation or a write operation, and the next
Which register to read or write at a time. All communication with the device muststart with writing'tetthe communication register. After power-on or reset,
The device is waiting for a write operation on the communication registefiflihe data written to the communication register determines that the next operation is to read
Or write, and at the same time determine which register the read @peration or write operation occurs on. So, write any other registers first
It is necessary to write the communication register before writing the selected register. All registers (including the communication register itself and output
Data register) Before reading, the communication register must be written'first, and then the selected register can be read. In addition, through
The signal register also controls thie'Wwait mode and channel selection, in addition DRDY The status can also be read from the communication register.
First 2 One register is the settingregister, which determines the calibration mode, gain setting, single/bipolar input and buffer mode.
First 3 Two registers‘are filter high registers, including filter high 4 Bit selection bit and clock control bit. First 4 This register is a data
register 4and the data output by the device is'read from this register.
First 6 Each registeriisithe filter low register, including the low filter selection word 8 Bit. The last register is the
calibration register, which stores,ehannel calibration data.
Detailed descriptions are given below.
1. Communication register (RS2, RS1,RS0=0,0,0)
The communication register is a 8 Bit register, you can either read data or write data into it. All communication with the device
The letter must start from writing to this register. The data written up determines which register the next read or write operation will take place.
Once the next read or write operation is completed on the selected register, the interface returns to the communication register to receive a write operation
The state of work. This is the default state of the interface. After power-on or reset, TM7707/8 In this default state waiting for
The communication register is written once. If the interface sequence is lost, if DIN The high-level write operation lasted for enough
Long enough (at least 32 Serial clock cycles) , TM7707/8 Will return to the default state.

The following table 5 It is the description of each communication register.

table 5 Communication register
0/DRDY (0) RS2/(0)RS1(0)RSO(0)R/W|(0) STBY (0)CHI(0)CHO(0)
© Titan Micro Electronics V1.1 www.titanmec.com
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The default value of power-on reset in brackets

0/ DRDY For write operations, there must be a " 0 "Is written to this bit so that the write operation on the communication register can
Finished accurately. in case" 1 "Is written to this register, and subsequent people will not be able to write to this register. It will stay in
This bit until there is a " 0 "Is written into this bit. Once there is" 0 "Write to 0/ DRDY Bits below 7
The bit will be loaded into the communication register. For read operations, this bit provides the device DRDY Sign. The position
State and DRDY The state of the output pins is the same.

RS2-RS0 Register selection bit. This 3 The ones place selects the next read/write operation 8 Which one of the on-chip registers is sent
Health, see table 6 (Attach register size). When the selected register has completed the read/write operation, the device returns to

The status of waiting for the next write operation of the communication register. It will not remain in the state of continuing to access the original register.

table 6 Register selection select
RS2 RS1 RS0 register Register bits
0 0 0 Communication register 8 Bit
0 0 1 Set register 8 Bit
0 1 0 Filter high register 8 Bit
0 1 1 Data register twentyffour Bit
1 0 0 Test register 8 Bit
1 0 1 Filter low register 8 Bit
1 1 0 Zero-scale calibration register twenty four Bit
1 1 1 Full-scale calibration register twenty four Bit
R/ VV_ Read/vﬁselection. This bit selects whether the next operatioft is to readler write to'the selected register. " 0 "Means next fuck

To write, " 1 "Indicates that the next operation is to read.

STBY Waiting mode. Write " 1 ”Is in wait or powér-dewn mode“lh,this mode, the device consumes
The power supply current is only 10 p A . In theistandby modejithe device will maintain its calibration coefficients and control word
information. write" 0 ", the devicejis in pormal operating mode,

CHI-CHO Channel selection. This 2 One place selects‘@hannel for,data conversion or access to calibration coefficients, as shown in the table 7 Shown.
In-device 3 The'ealibration register is used{o,store calibration coefficients. As table 7 with 8 The display indicates which channel
combinations have independent calibration coefficients. when CH1 For logic 1 and CHO For logic 0 Time, it can be seen from the table
TM7707 Yes AIN 1 (-) Theimput pin is short-circuited internally, and TM7708 Yes COMMON foot
Short-gireuit itself internally. This’can be used as a test method for evaluating noise performance (no external noise source).

In this mode, AIN 1 (-)/ COMMON The input must be connected to an external voltage within the common-mode voltage range allowed by

the device.
table 7 TM7707 Channel selection
CH1 CHoO AIN (+) AIN (-) Calibration register pair
0 0 AIN1 (+) AIN1 (-) Register pair 0
0 1 AIN2 (+) AIN2 (-) Register pair 1
1 0 AIN1 (-) AIN1 (-) Register pair 0
1 1 AIN1 (-) AIN2 (-) Register pair 2
table 8 TM7708 Channel selection
© Titan Micro Electronics V1.1 www.titanmec.com
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CH1 CHO AIN Benchmark Calibration register pair
0 0 AIN 1 COMMON Register pair 0
0 1 AIN 2 COMMON Register pair 1
1 0 COMMON COMMON Register pair 0
1 1 AIN 3 COMMON Register pair 2

12. Set the register

(RS2,RS1,RS0=0,0,1); Power-on/Reset state: 01Hex

The setting register is a 8 Bit register, it can both read data and write data. table 9 Instructions for setting each bit of the register.

table 9

Set the bits of the register

MD1(0)MDO(0)G2(0)G1(O)GO(O)BIU(O)EUF(O)FSY\IEH)

D1 MDO

Working mode formula

Normal mode, in this mode, the converter performs,normal analegsto-digital eonversion

Calibration, after completing this task, retlirn to'nermal mode, hafely MD1 with MDO All 0 . When starting calibration

Self-calibration. In the communication register CH1 with €H2 The self=calibration is activated on the selected channel. This is one §

DRDY Output pin or DRDY Bit is‘high lgvel andieturns to low level after self-calibration.
According to the register, a néw valid word is\generated. Zero-scale calibration is a short circuit inside the input terminal (zero input|
And the selected gain is'completed; the full-scale calibration is internally generated under the selected gain V rer/

Completed under selected gain conditions

tep

Zero-scalegSystem calibration. In the communication register CH1 with CH2 Activate the zero-scale system on the selected channe|
System calibration."During this calibration sequence, the input voltage on the analog input is completed at the selected gain
calibration. During calipration, the input voltage should remain stable. When starting calibration DRDY Output or DRDY

The bit is high level, and returns to low level after the zero-scale system calibration is completed. At this time, in the data register

Generate @anew valid word. At the end of the calibration, the device returns to the normal mode, that is MD1 with MDO

AllO

Full-scale system calibration: Activate full-scale system calibration on the selected input channel. When this calibration sequence
When column, the input voltage on the analog input terminal is calibrated under the selected gain. During calibration, input
The input voltage should remain stable. When starting calibration DRDY Output or DRDY The bit is high, and the full-scale system

returns to low after the calibration is completed. At this time, a new valid data register is generated.

word. At the end of the calibration, the device returns to the normal mode, that is MD1 with MDO All 0

G2-G0

table 10
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Gain selection bit. These bits are responsible for the on-chip PGA Gain setting, as table 10 .

Gain selection

G2 G1 GO0 Gain setting
0 0 0 1
0 0 1 2
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0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

13. Filter high register

The output is reset (if it is low).

Unipolar/bipolar operation. " 0 "Indicates that bipolar operation is selected,

(RS2,RS1,RS0=0,1,0); Power-on/Reset state: 05Hex

The filter high register is one that can read/write data 8 Bit register. table 11 The descriptionyof eachbit of the'filter high register.

At high level, the buffer is connected in series with the analog input, and the input allows processing of high impedance sources.

Filter synchronization. When this bit is high, the node of the digital filter, filter control logic and calibration control

Usually, the modulator and filter begin to process data, and 3 x( 1/ Output update rate) within (also

Is the settling time of the filter) to produce a valid word. FSYNC Does not affect the digital interface, nor dogs DRDY

" 1 "Indicates that unipolar operation is selected.

The control logic is in the reset state, and at the same time, the analog modulator is also controlled in the reset state. When in low power

Buffer control. " 0 "Means that the on-chip buffer is short-circuited. After the buffer is short-circuited, the power supply current decreases. This position

table 11 filter Koyo Register
ZERO ZERO BST CLKDIS FS11 FS10 FS9 FS8
ZERO You must write zeros on these bits to ensure TM7707/8 Operate correctly. Otherwise, it will cause the device
Non-specified operation.
BST The current is increased. This bit is 0 Will reduce the current drawn by the analog front end. Although this bit is 1 The device also works,
but in order to reduce the AVDD The current drawn whéirthe device is f CLKIN= 1MH Z or
fCLKIN= 2.4576MH z , Gain is 1 to 4 When working under circumstances, this bit should be 0. when TM7714 Working at gain 8 to 128 , f cLKIN=
2.4576MH z Case, this bit must be 1, To ensure the normal operation of the device. The power-on or reset state of this bitis 0 .
CLKDIS Mainclock disable bit. logic" 1 "Medns to prevent the master clock from MCLK OUT Output on the pin. When prohibited,

MCLK'QUT The output pin is at low level. This feature allows users to flexibly use MCLK OUT

Pins, for example, MCLK OUT As the clock source of other devices in the system, it can also be turned off MCLK

OUT, So that the device has power saving performance. When MCLK IN Connect an external master clock, TM7707
/TM7708 Continue to maintain the internal clock, and in CLKDIS Normal conversion can still be performed when the bit is valid. When
MCLK IN with MCLK OUT Connect a crystal oscillator or a ceramic resonator in between, when

CLKDIS When the bit is valid, TM7707/8 The clock will stop and no analog-to-digital conversion will be performed.

13. Filter low register

(RS2,RS81,RS0=1,0, 1) Power-on/reset state: 00Hex

The filter low register is one that can read/write data 8 Bit register. table 12 The description of each bit of the filter low register.

table 12

filter Low wave register

FS7

FS6

FS5

FS4

FS3

FS2

FS1

FS0

Filter selection. On-chip digital filter provides Sinc 3 (or (Sinxk) 3) filter response. Programming to these

The 12-bit data determines the cutoff frequency of the filter and the data rate of the first-level device at the position of the first notch of the filter. Plus

© Titan Micro Electronics
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On the gain selection, it can also determine the output noise (and effective resolution) of the device

The frequency at which the first notch of the filter occurs is determined by the following relationship:

Frequency of the first notch of the filter=( f cLkIN/128)code
Where code is the decimal equivalent of the code in bits FSO to FS11, and its range is 19 to 4000. Rated frequency at 2.4576MHz f cLKIN Below, the
frequency of the first notch ranges from 4.8 Hz to 1.01 kHz. To ensure the normal operation of TM7714, the code value loaded into these bits must be within
this range. Failure to do so will result in uncertain device operation. Change filter
The gain selected for the notch frequency stage will affect the resolution (or effective conversion time) equal to the one selected for the first notch of the filter
Frequency of. For example, if the first notch frequency of the filter is selected to be 50Hz, then new words can be used at a rate of 50Hz or new words are

available every 20ms. If the frequency of the first notch is 1kHz, then a new word is available every 1ms.

For the full-scale step input change, the worst of the filter settling time is 4x1/(output data rate). For example, in
When the first filter notch is 50Hz, the maximum settling time of the variable filter for the full-scale step input is 80ms. By synchronizing the step
input change with the reset of the digital filter, the settling time can be reduced to 3x1/(output
Data rate) . In other words, if the step output occurs with the SYNC input being low or the FSYNC bit is high,ithe settling time will be 3x1/
(output data rate) from the SYNC input being low or FSYNC returning low zif it happens
If the channel changes, the device sends an internal SYNC command when requesting to change the channel, so regardlessiof the SYNC or FSYNC state,
the settling time is 3x1/{output data rate)-3dB. The frequency is the first programmed according to thefellowing relationshipgoncave
Frequency decision:

Filter -3dB frequency=0.262 x filter first notch frequency

14. Data register (RS2,RS1,RS0=0,1,4)

The data register is a twenty four Bit read-only register, it contains data from FM7707/8 The latest conversion result. If the communication register
sets the device to write to this register, a write operation must actlially ocgur to;maké,the device

Return to the write operation to the communication register, but write td the devige twenty four Digits will be TM7707/8 ignore.

15. Test register

(RS2,RS1,RS0)=1,0,0); Power-on/Reset state: 00 Hex

The test register is'used when testingithe device. It is recommended that users do not change the default value of any bit of the test register (power on

Or automatically setithe full 0 ) Otherwisg,When the device is in the test mode, it will not operate correctly.

16. Zero-scale calibration register

(RS2,RS81,RS0=1,1, 0); Power-on/Reset state: 1F4000 Hex

TM7707/8 Contains several groups of independent zero-scale registers, and each zero-scale register is responsible for one input channel. it
We are all twenty four Bit read/write register, twenty four The bit data must be written before it can be transferred to the zero-scale calibration register. The
zero-scale register and the full-scale register are connected together to form a register pair. Each register pair corresponds to a pair of channels, see
table 7 . When the device is set to allow access to these registers through the digital interface, the device itself no longer accesses the register coefficients
So that the output data has the correct scale. As a result, after accessing the calibration register (whether it is a read/write operation), the slave device
The first output data read may contain incorrect data. In addition, during data calibration, the calibration register cannot be
Write operation. This kind of event can be avoided by the following method: Before the calibration register starts to work, set the mode register

FSYNC The position is high, after the task is over, set it to low again.

17. Full-scale calibration register

(RS2,RS1,RS0=1,1,1); Power-on/Reset state: 5761AB Hex

© Titan Micro Electronics V1.1 www.titanmec.com
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TM7707/8 Contains several independent full-scale registers, each full-scale register is responsible for one input channel. it

We are all twenty four Bit read/write register, twenty four The bit data must be written before it can be transferred to the full-scale calibration register. The

full-scale register and the zero-scale register are connected together to form a register pair. Each register pair corresponds to a pair of channels, see

table 7 . When the device is set to allow access to these registers through the digital interface, the device itself no longer accesses the register coefficients

So that the output data has the correct scale. As a result, after accessing the calibration register (whether it is a read/write operation), the slave device

The first output data read may contain incorrect data. In addition, during data calibration, the calibration register cannot be

Write operation. This kind of event can be avoided by the following method: Before the calibration register starts to work, set the mode register

FSYNC The position is high, after the task is over, set it to low again.

18. Calibration process

As mentioned earlier, TM7707/8 Includes many types of calibration, table 13 Summarized these calibration types, operation content and operation

time. There are two ways to judge whether the calibration is over. The first method is: monitoring DRDY If DRDY Return to low level, indicating that the

calibration process has ended, and it also indicates that there is a new valid data in the data register.

The new data is a normal conversion result after calibration. The second method is: monitor the setting segister

MD1 , MDO Bit if MD1, MDO Backto "0 "

(After calibration, MD4,MDO return” 04")

, It means calibration

The process has ended, this method cannot prompt whether there is a new conversion result ifi the data register, but it is better than the first judgment method

To be early in time, that is, to know faster whether the calibration is over. Mode Bit (ie MD1 , MDQ )return\0 Thé duration before "is shown in the table 13 As

shown, DRDY The process of returning to low level includes a normal conversion fime and'One

Delay time with correct scale for second conversion result tp. tp No more than2000.X t cixin . Thetimeé required for these two judgment methods is as follows.

table 13 Calibration process
Set DRDY of
Calibration type MD1, MDO Calibration sequence Time to set mode .
time
Internal zero-scale calibration@i%
Constant gain+ 9 X 1/ Output frequency
Self-calipfation 0,1 6 X 1/ Output frequency
Internal full scale calibration@j% Rate+ tp
Constant gain
use AIN Zero scale 4 X 1/ Output frequency|
Zero-scale system calibration 1,0 3 X 1/ Output frequency
Calibration @ selected gain Rate+ tp
use AIN Full scale 4 X 1/ Output frequency|
Full-scale system calibration 1,1 3 X 1/ Output frequency

Calibration @ selected gain

Rate+ tp

19. Circuit description

TM7707/8 Is an on-chip digital filter 2- AA/D The converter is designed for the conversion of low-frequency signals in wide dynamic range

measurement, industrial control or process control. It includes a Z- A (Or charge balance) ADC , Static on-chip RAM The calibrated microcontroller, clock

oscillator, digital filter and a two-way serial communication port. The device

The supply current of the device is only 320 p A, Making it ideal for battery-powered instruments. The device has two optional electrical

The source voltage ranges are 2.7 ~ 3.3V or 4.75 ~ 5.25V .

TM7707 include 2 A programmable gain fully differential analog input channel, TM7708 include 3 A pseudo-differential analog input channel. The

selectable gain of the input channelis 1,2,4,8, 16, 32, 64 with 128 , When the reference input voltage is 2.5V
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Allow the device to accept OmV~+20mV with 0V~+2.5V Unipolar signal between or +20mV to +2.5V Within range

Bipolar signal. The reference voltage is 1.225V When, in unipolar mode, the input range is OmV~+10 mV to
0V~+1.225V , In bipolar mode, the input range is £10mV~+1.225V . Description: Yes TM7707 Bipolar
The sexual input range is relative to AIN (-), yes TM7708 Relative to COMMON Instead of right GND
of.
The signal input to the analog input terminal is continuously sampled, and the sampling frequency is determined by the main clock MCLK IN Frequency and selected increase
Benefit decision. Charge balance A/D Conversion ( Z- A Modulator) converts the sampled signal into a digital with a duty cycle containing digital information
Pulse chain. Programmable gain function coordination of analog input Z- A Modulator, modify the input sampling frequency to obtain higher gain. SincsLow-pass
digital filter processing Z- A The output of the modulator updates the output register at a certain rate, which is determined by the frequency of the first notch of
the filter. Output data can be read randomly or periodically from the serial port
The read rate can be any value that does not exceed the update rate of the output register. The first notch frequency of the digital filter (in
and- 3dB Frequency) can be set by the register FSO with FS1 Programming. When the frequency of the main clock is 2.4576MHz Time,
The programmable range of the first notch frequency is 50Hz~500Hz ,- 3dB The frequency range is 13.1Hz~131Hz . Master{clock
Frequency is 1 MHz , The programmable range of the first notch frequency is 20Hz~200Hz ,- 3dB The frequency range is
5.24Hz~52.4Hz .
Figure 10 Yes TM7707 The basic connection circuit diagram, as shown in the figure, the analog voltage is + 5V ; Pregision+ 2.5V The reference voltage
AD780 Provide a reference source for the device. On the digital signal side, the device is configuredfor three-wiréioperation, CS Ground. Quartz crystal or
ceramic resonator provides the main clock source. In most cases, it is necessary to connect an electsic
The container ensures that there is no oscillation at the overtone of the basic operating frequengy. The capacitance value of the capacitor varies with the manufacturer's requirements.

This configuration also applies to TM7708 .

ANALOG

+5V SUPPLY
$1mF g 0.14F
Tt
Voo Tmz707
DIFFERENTIAL AIN1(+) TROY DATA READY
ANALOG
INPUT AIN1H
DOUT RECEIVE (READ)
DIFFERENTIAL AINZ(+)
ANALOG DIN SERIAL DATA
ANALOG +5V INELT AINZ0)
SUPPLY SCLK SERIAL CLOCK
1 T} GND +5V
Nt
Vin RESE

() REF IN(+)

ShrE R
HARAN

TR HE J() REF IN(} MCLK IN ()1 CRYSTAL OR

~ CJ CERAMIC
RESONATOR
; MCLK OUT(

VDUT':)j _T_
1QUF == 0.14F
Y

Figure 10 TM7707 The basic connection circuit diagram
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Twenty, analog input

TM7707 include 2 Analog input pairs, namely AIN (+), AIN (-)with AIN2 (+), AIN2 (-). lose
The input pair provides a differential input channel with programmable gain and can handle unipolar and bipolar input signals. It should be noted that the bipolar input signal
With their respective AIN The (-) end is for reference. TM7707 include 3 Two pseudo-differential analog input pairs, AIN 1, AIN2 with
AIN3 , These inputs are COMMON The input is for reference.
In unbuffered mode, the common mode input range is from GND To Voo . The absolute value of the analog input voltage is at
GND-30mV with V oo+ 30mV between. This shows that the device can handle unipolar and bipolar input signals of all gains.
25 At °C, the analog input can reach absolute voltage without degrading performance GND-200mV , But leakage current
( leakage -current ) Increases significantly with temperature rise. In buffer mode, the analog input can handle more power
Source impedance, but the absolute input voltage range is limited to GND+50 mV To V oo+ 30mV Between, it also limits the common mode output
Arange. This means that in buffer mode, the allowable gain of the bipolar input range is limited. Must be carefully set
Mode voltage and input voltage range to ensure that they do not exceed the above limits, otherwise, the linear performancefof the device will be degraded.
In unbuffered mode, the analog input is directly connected 7pF Sampling capacitor, C save. The maximum value of D€ input leakage current is 1nA . As
a result, a dynamic load converted at the input sampling rate is connected to the analog input (see figure
11). The sampling rate depends on the master clock frequency and the selected gain value. In each input loop, €save by AIN (+) Charge and then AIN (-)
Discharge. Effective on-resistance of the switch ( Rsw) Is typically 7kQ .
Every input sampling period, C save Must pass R sw And external power supply impedafce fonchargingsSo in unbuffered mode
Next, the source impedance means the C sawe Longer charging time, which may cause gain errors of the'device “table 14 Non-
Allowable external resistance/capacitance value in buffer mode. Note: The capacitance value in the table s the external capacitance value plus the device pin and

Pin holder 10 pF The sum of capacitance.

.l Rew (TKQTYP) HIGH

7 Vv IMPEDANCE

AN O——— Caamp b

i?PF]T

Veias

SWITCHING FREQUENCY DEPENDS ON
foLkiy AND SELECTED GAIN

Figure 11 Unbuffered analog input structure
table 14 no 16 External resistance and capacitance value for bit gain error (unbuffered mode)
© Titan Micro Electronics V1.1 www.titanmec.com
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e sh3nd L (pF)
#a
0 50 100 500 1000 5000
1 368kQ2 90.6k0Q2 54 2kQ2 14 6k 8§2k0 22k0)
2 177.2kQ2 | 442k0Q 26 4k(2 7.2kQ2 4kQ 1.12kQ2
4 82 8k} 21.2kQ) 12 6k(2 34k0 1.94kQ2 540k Q2
8-128 352kQ 9.6kQ 5.8kQ) 1.58k02 880k0Q2 240k Q2

In the buffer mode, the high-impedance input stage of the on-chip buffer amplifier is seen from the analog input terminal. C sawe Pass buffer
The amplifier is charged so that the power supply impedance does not affect C sawe Charging. Buffer amplifier has 1nA The offset leakage current. In this buffer

mode, a large power supply impedance will cause a small DC offset voltage, but will not cause gain errors.

21. Input sampling rate

TM7707/8 The sampling frequency of the modulator is maintained at f c.kiv 128(19.2kHz Time, fcwin=2.4576MHz)\;and
It has nothing to do with gain selection. However, greater than 1 The gain is achieved by multiple input samplingand-réference in'€aehsimodulator cycle
The multiple of the ratio of the capacitance to the input capacitance, which is a combination of the two. As a result ofgnultiplélsampling, the input sampling rate varies with the selected
Gain changes (see table 15 ). In buffer mode, the input terminal has been buffered before it is conngetedhto the'input samplifng capacitor.
In unbuffered mode, the analog input terminal is directly connected to the sampling capacitor, andthe, effectivéjinput impedance is 1/C sawe X fs, C saup

Is the input sampling capacitor, fs Is the input sampling rate.

t.able 15 The relationship between input sampling frequeficy:and gain
B BARMIAE
| ﬂ:[[{[\,fﬁ-f 38 4kHz j{_? fr_‘[.[-q:\;zz A5T76MI ]Z]
& 2 Xt xin/6476.8kHz T foixmn=2 4576 MHz)

4 4 x for gin/64(76 8kHz @ forxin=2 4576 MHz)
5-128 8 * fo /0307 2kHz @ fo xnv=2.4576MHz)

]

22. Unipolar/bipolar input

Whether it is unipolar orbipolar voltage, TM7707/7708 All analog inputs are acceptable. Bipolar input and

It does not mean that the device cafi handle the negative voltage at the analog input terminal, because the analog input voltage cannot be less than- 30mV To ensure that the device
Works normally. The input channel is fully differential. Therefore, for TM7707 , AIN(+) The input voltage is AIN 1(-)
As a benchmark; for TM7708 , The voltage applied to the analog input channel is COMMON As a benchmark. For example, if AIN
1(-)=2.5V , Unipolar input, gain is 2, Vrer=+ 2.5V, Then AIN 1(+) The input voltage range of the terminal is
+2.5~+3.75V If AIN 1 (-)=+2.5V , TM7707 Configured as bipolar input, the gain is 2, Vrer=+ 2.5V, Then AIN 1(+) The analog input voltage

range of the terminal is + 1.25~+3.75V (That is 2.5V + 1.25V ). Selection list
Polarity or bipolar input is determined by the setting register B /U To decide. Whether in unipolar or bipolar output
It does not change the state of any input signal, it only changes the code of the output data and the calibration on the conversion function.

on time.
Twenty-three, reference input

REFIN (+) and REFIN (-)for TM7707/8 Provide differential reference input function, common mode range of differential input

© Titan Micro Electronics V1.1 www.titanmec.com
-26-



® TITAN MICRO™
"/ eLEcTRoNiGs e

Surrounding is GND~V oo . when TM7707/8 To 5V When the power supply voltage is working, the reference voltage is + 2.5V ; The power supply voltage is 3V

, The reference voltage is + 1.225V . when V rer Down to 1V Time, TM7707/8 It can still work, but as the performance decreases, the output noise will become
larger. In order to ensure that the device can work accurately, it must be used REFIN (+) greater than REFIN
(-)-
Similar to the analog input in unbuffered mode, both reference inputs provide high impedance and dynamic loads. Throughout

Within the temperature range, the maximum value of the DC input current is +1nA At this time, the power supply resistance may cause the gain error of the device.
In this case, the sampling switch resistance is typically 5kQ , And the reference capacitor ( C rer ) Varies with gain. Benchmark
The incoming sampling rate fc.xiv 64 And does not change with the gain. Gain is 1 with 2 Time, C rer for 8pF ; Gain is 16 Time,
Crer for 5.5 pF ; When the gain is 32 Time, Crer Yes 4.25pF ; Gain is 64 Time, C rer for 3.625pF ; And when the gain reaches 128 Time, C rer for
3.3125 pF .

table 1 To 4 The analog input signal listed is OV The output noise characteristics at the time, it effectively eliminates the reference noise
Impact. In the entire input range, in order to obtain the noise characteristics as shown in the noise table, TM7707/
TM7708 Configure a low noise reference source. If the reference noise in the bandwidth is too large, TM7707/8 The performiance will be reduced.
When the power supply voltage is 5V & , § TM7707 Recommended reference voltage sources include AD780 , REF43 , REF192 ; Whenjthe electricity
The source voltage is 3V When the recommended reference voltage source includes AD589 with AD1580 . To fdrtherfeduce noisépitsis usually

recommended to decouple these reference voltage outputs.

twenty four, TM7707/8 Use of internal benchmarks

TM7707/8 series ADC You can choose to use an external reference voltage or an interqal reference voltage.

(1) When using an external reference voltage, just press the pin REFIN{#),with REEIN(-) Connect the rules
A fixed voltage will do.

(2) When using the internal reference voltage, the pin REFIN(#)#Access to inteftnal benchmarks, plus 104p The capacitor is grounded, REFIN(-)
It needs to be grounded externally, and it is done by software writing instructionsk

in TM7707/8 , Just write to the test register 01H,Command, fthe internal reference will work, the typical value of the internal reference 2.48V .

Precautions for using intéfhal reference voltage:

To make the internal benchmatk work, you must write instructions first.

When the followingithree situations'@ecur, the command becomes invalid, and the command needs to be rewritten before the internal reference will work again.
a. A power-on reset occurred,
b. Reset pin (pin 5 )effective.

c. at least 32 Wiriteslogic to the serial port continuously within one serial clock cycle " 1 "To reset the serial interface.
Twenty-five, digital filtering

TM7707/8 Contains an on-chip low-pass digital filter to process the device’s Z- A The output signal of the modulator. Therefore, the device not only
provides analog-to-digital conversion functions, but also has certain filtering capabilities. Digital filter and analog filter memory
In many system differences, users must pay attention.
On the one hand, digital filtering occurs after the analog-to-digital conversion, which can eliminate the noise generated during the analog-to-digital conversion process.
Quasi-filtering cannot do this. In addition, digital filtering is easier to achieve programmability than analog filtering. Rely on digital filters
Design, the user can program the cutoff frequency and output update rate.
On the other hand, when the analog signal enters ADC Previously, analog filtering was able to eliminate noise superimposed on analog signals,
Digital filtering cannot do this, and when the peak of noise parasitic on the signal is close to full scale, even the average signal
Values in the limit range may also cause the analog modulator and digital filter to reach saturation. In order to solve this problem,
TM7707/8 of Z- A Inside the modulator and digital filter, a peak reserve is established, which allows to exceed the analog input range

© Titan Micro Electronics V1.1 www.titanmec.com
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Surround 5% . If the noise signal is larger than this, then you have to consider analog filtering at the input end, or reduce the input channel voltage,

Make the input voltage range half of the full-scale range of the analog input channel voltage. In this way, the dynamic range is reduced 50% ,will

Increase over-range performance 1 Times.

26. Filter characteristics

TM7707/8 The digital filter is a low pass ( sinx/x ) s Filter (also called sincs ),Its Z The conversion function of the domain can be described as:

13
i J=7H
b

i

MR TAREA: ’

i SIN(Nxaxf/fo)* )
CINT SIN(mxf/fg) |

H(z)

Here, N It is the ratio of modulation rate to output rate.

-
Phase response: %
ZH=-3n(N-2)xf/f; Rad

Frequency of. The output update of the device corresponds to the frequency of the first notch.
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Figure 12 TM7707 The frequencyyresponse, of the filter
due to TM7707/8 Including this on-chip low-pass filter, its settling time is related toithe input stép function, and the output
The data is not valid until the stabilization time has elapsed. The settling time‘depends on the output’rate selected for the filter. Full scale step
The settling time of the filter at input can be as high as four times the output data periodjFor synchronous step input (use FSYC

Function) Settling time is the period of output data 3 Times.

27. Post filtering ( post-filtering )

when fekin for 2.4576 MHz@When the on-chip modulater provides 19.2kHz The sampling output rate. Then, the on-chip digital filter samples these
samples to provide data at a certain output rate. Because the output rate is better than Nyguist
The standard is high, 86 for applications with‘algiven bandwidth and noise performance, this output rate can meet most application requirements.
begging. But fogSome special applications that requiire a higher output rate for a given bandwidth and noise performance,
TM7707/8 Configure the postsfiltering function after the digital filter. For example, if the bandwidth requirement is 7.86Hz , And the required update rate is 100Hz
; Then because when the data outputyrate is 100Hz Given when- 3dB Bandwidth is 26.2Hz . Post filtering can be applied to this occasion, it can reduce the
bandwidth to 7.86Hz , While reducing the output noise, while maintaining
The output rate is still 100Hz . Post filtering can also be used to reduce bandwidth less than 13.1Hz The output noise generated by the device, the gain is 128 ,
The bandwidth is 13.1Hz When, the root mean square value of the output noise is 450nV . This is the main noise of the device, that is, white noise, and
because the input is clipped, the noise has a flat frequency response. By reducing the bandwidth to below
13.1Hz , The noise in the final passband will be reduced. Bandwidth 2 A reduction in multiples of will result in output noise ( rms ) To be close to 1.25 The

multiple decreases. This additional post-filtering makes the settling time longer.

Twenty-eight, analog filtering

As mentioned earlier, the digital filter cannot suppress the integral multiple of the modulator sampling frequency. But because
TM7707/8 Oversampling rate ( oversampling ratio ), these bands only occupy a small part of the entire frequency spectrum, and most of the broadband noise
is filtered out. This means that compared to traditional converters without on-chip filtering, TM7707/8 Front end
Analog filtering requirements have been greatly reduced. In addition, due to the device’s 100dB The common mode rejection has reached the number kHz , This frequency
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The noise within the range will be greatly reduced. However, in specific applications, it may be necessary to eliminate the frequency band that the digital filter can pass.

In addition to unnecessary frequencies, TM7707/8 Add attenuation function to the front end; in other applications, it may be

TM7707/8 The front end of the device performs analog filtering to prevent the differential noise signal outside the useful frequency band from saturating the analog modulator.
In non-buffered mode, if TM7707/8 Passive components are installed in the front end of the device, and the power supply impedance must be sufficiently low,

So as not to introduce gain error in the system. This greatly limits TM7707/8 Front end passive anti-aliasing filtering ( passive antialiasing filtering ) Use in

non-buffered mode. But when the device works in buffer mode, the large power supply

The resistance will only produce a small DC offset error ( 10kQ Power supply resistance cannot cause 10 p V Offset error) . therefore,

If the system needs to be TM7707/8 The front end uses passive analog filtering, and it is recommended to make the device work in buffer mode.

Twenty-nine, calibration

TM7707/8 Provides a variety of calibration options, which calibration can be selected by setting the register MD1 with MDO
Bit to program. Once given MD1 with MDO Bit write data, a calibration cycle begins. Eliminate offset and gain errors generated on the device through
calibration. When the working environment temperature and voltage change, the device should be calibrated routinely,
If the selected gain, filter notch or unipolar/bipolar input range changes. Calibration should also be performed.
Calibration is divided into self-calibration and system calibration. When performing global calibration onthe seléeted channéigth@ on-chip microcontroller must be
Record the output of the modulator under different input states, that is " Zero scale " with " Full scale " point. These peints arg calibrated
During the process, after inputting different voltage values at the input of the modulator, the devicegperforms a‘eonversion@and the result is obtained. Of course, school
The quasi-accuracy can only be comparable to the noise level provided in the normal mode. The result of the zero-scale calibration conversion is stored in the zero-scale calibration
The full-scale calibration conversion result is stored in the full-scale calibration register. Relying.on these'data, the microcontroller
The offset and gain slope of the converter's input-output transfer function can be calculatediThe devige,is 33 Bit resolution to determine 16 Bit conversion

result.

Thirty, self-calibration

By setting the register MD1 with MDO Write the copresponding yalue ( 0,/ ), the device starts self-calibration. In the range of unipolar input signal, the
zero-scale point used to determine the calibration coefficient is short-circtited inside the device with the input terminals of the differential input pair
(le, for TM7707 , AIN (+)3#AIN (-) = internal*bias voltage; for TM7708 , AIN = COMMON
= Internal bias voltage). Gain programmable amplifier ( PGA ) Set to the gain selected for zero-scale calibration conversion
(From the communication register G1 with GO Bit setting). Full scale standard conversion is generated internally V rer Completed under the conditions of
voltage and seleéted gaih. The calibration durationiis’é X 1/ Output rate. It is calibrated by zero scale and full scale
of 3 X 1/ The sum'of output rate time. After the calibration is complete, MD1 with MDO Automatically return to the initial value ( 0, 0 ), this is the earliest indication
of the end of the calibration processa\When the calibration starts, DRDY At high level until there is a new
Valid data, DRDY Before returning to low level, DRDY The duration of this process from high level to low level is 9 X
1/ Output rate, where the zero-scale calibration time, the full-scale calibration time and the time for setting the calibration coefficient are each 3 X 1/ Output
rate. So, in terms of time, MD1 with MDO The calibration completion prompt given is more than DRDY Bit early 3 X 1/ Output rate. in case DRDY ltis at a low
level before the calibration command is written into the setting register, it may take an extra modulation cycle time, DRDY Can be changed to high level,
which shows that the calibration has started, therefore, in the most
After the next byte is written into the setting register, you can DRDY Ignore it.
For the self-calibration of the bipolar input range, the whole process is similar to the above process. The zero-scale and full-scale points are almost the same as single-scale points.
The polarity input is the same, but because TM7707/8 It is configured to work with bipolar input, the input point range is shortened, and the actual

The above is in the middle area of the conversion function.

31. System calibration
Through system calibration, TM7707/8 It can compensate for system gain, offset error and internal error of the device itself
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Compensation. System calibration performs the same slope coefficient calculation as self-calibration, but the voltage value used is the system AIN Input for

The voltage value for zero and full scale calibration.

The whole process of system calibration is carried out in two steps, the first is ZS System calibration, then proceed FS System calibration. For a
whole system calibration, the zero-scale point must be sent to the converter first at the beginning of the calibration, and it must be kept stable and straight.
To the end of calibration.

ZS System calibration

Once the zero-scale voltage value of the system is set, pass to the setting register MD1 with MDO Write (1, 0) ,on
Start ZS System calibration. The zero-scale system calibration is performed at the selected gain. The duration of zero-scale calibration is 3 X 1/

Output rate. During the calibration process, MDO with MD1 as well as DRDY The change in the self-calibration is the same
like. However, from the calibration command to DRDY The time required to become low is 4 X 1/ Output rate
FS System calibration
After zero-scale point calibration, apply the full-scale voltage value to AIN End, then to MD1 with MDO Write separately ( 1,
1), FS The system calibration begins. Similarly, before the calibration starts, the full-scale voltage value must be set, and,
Keep it stable during the calibration process. During the calibration process, MDO with MD1 as well as DRDY The process '0fichange is the same as ZS
System calibration process.

In unipolar mode, the system calibration is completed between the two endpoints of the transfer function; in bipolar mode, it is
It is done between mid-scale (zero differential voltage) and positive full-scale.

The system calibration is carried out in two steps. After the calibration sequence of thefwholg,systemihas been completed, the offset and gain calibration can be automatic
Execute to adjust the system zero reference point or system gain. Calibrate any one of the two'parameters\of the system offset or gain, without
Affect another.

When the device is used in unbuffered mode, system calibration can @lse be used to eliminate the analog input terminal introduced by the power impedance
Any errors. A simple analog front end R, C The anti-overlap filtegmay,introduce'@ain errors in the analog input voltage,

But system calibration can eliminate this error.

32. Limitation of input range and offset

Whenever the system caliifation mode is applied, the,offset and input voltage range are always limited. And determine the offset and adjustable
The main requirement for the gain range'ef the section is: the maximum value of the positive full-scale input voltage < 1.05 xV oers GAIN , Which can make the
input voltage limit valué higher than the ratedalue 5% . TM7707/8 The maximum tolerance of the analog modulator ( headroom ) Ensurer
The voltage exceeds theyated voltage 5% It can stillwork normally.
In unipolar/bipolar made, the minimum value of the input range is 0.8 X Vrers GAIN , The maximum value is 2.1 X
Vrers GAIN , But this range has to'eonsider the limit value of positive full scale. The adjustable offset depends on whether the device uses a single
Polar mode is still bipolar mode. Sirilarly, the offset must consider the limit value of the positive full scale. In unipolar mode, negative bias
There is considerable flexibility in moving. When selecting the limit values of the zero-scale and full-scale of the system, you must ensure that the offset and the input range
The sum of the surroundings does not exceed 1.05 X Vrers GAIN . The best illustration on this point is to look at the following examples.
If the device is used in unipolar mode, the required input range is 0.8 X V rerr GAIN , The offset range that can be set for system calibration is
from- 1.05 X Vrers GAIN To + 0.25 X Vrers GAIN . If the device is used in unipolar mode, the required input range is 1 X Vrerr GAIN , The offset range that
can be set for system calibration is- 1.05 X V rers GAIN
to 0.05 X Vrer GAIN . Similarly, if the device is used in unipolar mode and requires removal of 0.2 X VREF/GAIN
, The system calibration can set the input range to 0.85 X V rers GAIN .
If the device is used in bipolar mode, the required input range is 0.4 xV/ rer/ GAIN , The system calibration can be set
The offset range is from- 0.65 xV rer/ GAIN To + 0.65 xV rer/ GAIN . If the device is used in bipolar mode, you need
The input range is & rer/ GAIN , The offset range that can be set for system calibration is from- 0.05 xV rer; GAIN To + 0.05 xV rer; GAIN . Similarly, if
the device is used in bipolar mode, it is required to remove +0.2 xV rer; GAIN Offset,
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Then the system calibration can set the input range to +0.85 xV rer/ GAIN .

Thirty-three, power on and calibration

When powering up, TM7707/8 Reset internally, that is, set the internal register to a known state. After power-on or reset,
All registers return to the default value state. The default value includes the nominal calibration coefficient of the calibration register. To ensure TM7707/
TM7708 The correct calibration should be performed routinely after power-on.

TM7707/8 The power consumption and temperature drift are very low, and there is no need to warm up before the initial calibration. But if you use
The external reference must be stabilized before the calibration starts. Similarly, if TM7707/8 The clock signal is composed of two MCLK [f it is generated by a
crystal or ceramic resonator between the pins, the oscillator should be started before the calibration starts.

See picture 14 .
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Thirty-four, TM7707/8"usage of

Clock and oséillator circuit

TM7707/8 Requires external main clock input, this main clock input can be MCLK OUT When the feet are not connected, add
in MCLK IN Antexternal'on the pin CMOS Compatible with clock signals, or, in MCLK IN with MCLK OUT
Connect a crystal or ceramic resonater with a suitable frequency between the two pins. In this case, the clock circuit works as an oscillator
For TM7707/8 Provide the master clock signal. Master clock frequency fcwn Directly affect the input sampling frequency, modulator sampling frequency,- 3dB Frequency,
output update rate and calibration time. If the main clock frequency is reduced by half, input the sampling frequency, modulation
Sampling frequency,- 3dB The frequency and output update rate will be reduced by half, and the calibration time will be doubled. In addition, the power supply
Flow also with fcwn Related, the main clock frequency is reduced by half, and the power supply current of the digital part will be reduced by half, but it will not affect the communication.
The current through the analog circuit.

in MCLK IN with MCLK OUT Configure a crystal or ceramic resonator between two pins MCLK IN The working current of the driving clock signal
introduced at the pin is large. This is because the on-chip oscillator circuit is using crystal or ceramic resonance
Is more active in the case of the device. Thus, in MCLK IN An external clock is applied to the pin, and the MCLK OUT When the pin is vacant and no load is
applied, the TM7707/8 Reach the smallest possible current value.

The amount of extra current consumed by the oscillator depends on many factors. MCLK IN with MCLK OUT Capacitor between two pins ( C1 with C2)
The larger the capacitance, the larger the current consumption. Be careful not to exceed the crystal or ceramic resonance
The capacitor value recommended by the device manufacturer, these values are generally 30pF to 50pF Within range. Another influencing factor is crystalline ESR
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Value, general, ESR The lower the value, the lower the current consumption.

The main clock frequency is 2.4576MHz, The power supply voltage is 3V When using a crystal or ceramic resonator as the oscillation circuit, the
current required is larger than when using an external clock 50u A ; The main clock frequency remains unchanged, and the power supply voltage is 5V Time,
the former required typical current value increased 250p A . At this frequency, the crystal/ceramic resonator ESR The value is small, and the difference
between different crystals and resonators is small.

When 1MHz When working at the clock frequency, different crystal types correspond to ESR The values vary greatly. Therefore, no
The current consumed by the same crystal type is different. Voo= 3V When, use ESR for 700Q Crystal/ceramic resonator ratio
The clock consumes a lot of current 20 p A, Voo= 5V Time, more 200 p A ; When using crystal ESR=3000Q Time, Voo= 3V
Time and Voo = 5V When the corresponding current increase value is 100 p A with 400p A .

Before the oscillation circuit starts to oscillate, it needs a start-up process. Voo-= 5V, The frequency of the crystal oscillator is
4.9512 MHz , 2.4576MHz with 1MHz The corresponding start times are 6ms , 16 ms with 20 ms .

Voo Reduced to 3V At the same frequency, the start-up time is shortened 20% .

The power supply voltage is 3V When, according to MCLK IN The load capacitance at the pin can be connected acréss the crystal or resonator
One 1MQ Resistance to keep the start-up time at approximately 20ms about.

TM7707/8 The master clock can be from MCLK OUT Pin leads, the maximum recommended load on this'pin‘isiene
CMOS load. When a crystal or ceramic resonator is used to generate a clock signal, it may be necessary to use this glock asithe system time

Zhong Yuan. In this case, it is recommended to use CMOS Buffer pair MCLK OUT The signal is bufferedbefore being added to the system circuit.

35. System synchronization

Set the register FSYNC Allow users to not affect TM7707/84n'the setting stategreset the modulator and digital filter. This allows
the user to collect samples of the analog input from a knowngpoint in time;that is
when FSYNC Position slave 1 Changed to 0 Time.

FSYNC Set 1 When the digital filter and apalog modulator are ifila known/reset state, at this time TM7707/8 No input samples are processed. When

will 0 Write in FSYNC , The modulator and filter are nolonger in the reset'state, TM7707/8 Start collecting samples from the next clock edge again.

FSYNC The input can also be used as a software-initiated conversion command that allows the device to work in normal conversion mode. In this kind of
In mode, data write FSYNC"¥The conversion‘starts, DRDY The falling edge indicates that the conversion is complete. The disadvantage of this scheme is that,
The data updatefof eachidata register must considerithe settling time of the filter, therefore, the update rate of the data register must
slow 3 Times.

due to FSYNC Reset the digital filter, so before a new word is written into the output register, the entire stabilization time
It must end. in case FSYNC for‘0 Time, DRDY At low level, FSYNC Command will be wrong DRDY Reset to make it high. This is because
there is an unread word in the data register. Before the data register is updated,
DRDY The line will remain low. DRDY The line will stay low until the data register is updated, at which time it will
Becomes high 500 X tcixn Then go back to low level. Reading data from the data register will make DRDY The signal goes high until the settling time of the
filter has elapsed (from FSYNC After the command) and there is a valid word in the data register, DRDY
Just return to low. If FSYNC When the command has been issued DRDY Line is high, then DRDY The line cannot return to the low level until the settling time of

the filter has elapsed.

36. Reset input

The reset input circuit resets all logic, digital filters and analog modulators, and sets all on-chip registers
To its default state. when RESET When the input signal is at low level, DRDY At high level, TM7707/8 Ignore any communication data sent to the register.
when RESET After returning to high level, the device starts to process data. after 3 x1/ lose
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After the rate of time, DRDY Return low to indicate that there is a new valid word in the data register. After reset,

The device works in the default state, generally, once RESET After the command, you need to set all the registers and perform a
Calibration.

even if RESET When the input is at low level, the on-chip oscillator circuit continues to work, MCLK OUT The main clock signal of the pin continues to be
valid. Therefore, by TM7707/8 In the application that provides the system clock, TM7707/8 During the reset process, an uninterrupted master clock signal is

generated.

37. Waiting mode

Without the need to provide conversion results, the communication register STBY Bit allows the user to set the device
Work in electrical mode. In waiting mode, TM7707/8 Keep all on-chip registers (including data registers)
There is content. After leaving the wait mode, the device begins to process data, STBY Bit write 0 of 3 x1/ After the output rate time, there may be new valid data
in the data register.

STBY Bit does not affect the digital interface, nor does it affect DRDY The state of the bit. in case DRDY Is high, and
STBY At low level, it will remain high until there is a new valid word in the data register. in case DRDY At low level, STBY Also at low level, it will
remain low until the data register is updated. If in DRDY When it is low, the device enters wait mode (ifdicating that theéresafe unread valid
words in the data register) , Gan bejread in wait mode
Data in the data register. After the read operation, DRDY Will return to high level.

The device works in wait mode, reduces the total current, uses an external clock and the external maimyclock stops, Voo= 5V Time,
Typical value of current 9 y A, Voo= 3V, The typical value of the currentis 4 p A . The external clock.continues to work, waiting for the current to
increase to 150 y A, 75 p A . If a crystal or ceramic resonator is used as the glock source, then:
5V with 3.3V The total current under the supply voltage is 400 u A with 90 u A". This is because‘inthe wait mode, the on-chip oscillator circuit continues to
work. This is caused by TM7707/8 It is very important to provide systemi@lock applications, so that even while waiting

Mode, TM7707/ TM7708 Can still generate uninterrupted master clock signal.

38. Precision

2-AADC , Like VFC And othér ADC Similarly, it doesinot contain any non-monotonic sources, and provides no missing codes.
Due to the use of high-quality on-chip capacitors, TM7707/8 Can obtain excellent linearity, the capacitance/voltage system of this capacitor
The number is very low. By applying clipping‘stabilization technology at the input stage, TM7707/8 It also has low input drift. To ensure the working temperature

Good performanée in théyrange of TM7707/8 Use digital calibration techniques to obtain the smallest offset and gain errors.
Thirty-nine, drift

TM7707/8 Use clipping stabilization technology to minimize the drift of the input offset. The electricity injected into the analog switch

The DC leakage current of the charge and sampling nodes is the main source of offset voltage drift. The DC input leakage current is essentially

Benefit has nothing to do. The gain drift of the converter mainly depends on the temperature of the internal capacitor, which is not affected by the leakage current.
The measurement error caused by offset drift or gain drift can be eliminated by the next calibration. Use system calibration also

It can minimize the offset and gain errors in the signal conditioning circuit. Integral or differential linearity errors are not affected by temperature changes.

Forty. Power

TM7707/8 The power supply voltage range is 2.7V~5.25V . In order to avoid excessive current, REF IN ,
AIN Or logic input pins, you should give TM7707/8 powered by. If this is not possible, you must restrict the flow
The current of these pins. in case TM7707/8 And the digital circuit of the system use their own power supply, you should give TM7707/8 powered by. If this
cannot be guaranteed, the current-limiting resistor should be connected in series with the logic input to limit the current. Locking current of the device
( Latch-up current )more than the 100mA .
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41. Power supply current

TM7707/8 The current consumption varies with the supply voltage ( 2.7V~5.25V ) And change. There is a current increase inside the device
High bit, it makes the current set according to working conditions. This affects the current in the analog circuit. Figure 15 Gives fcikin= 1MHz
with fcikin= 2.4576MHz Time | oo Follow V oo And the typical graph of change (+ 25 °C). From the picture 15 It can be seen that IDD Follow
VDD Decrease and decrease. By using an external master clock or when using the on-chip oscillator circuit, by optimizing external components

The power supply current can be reduced. Figure 3 , 4, 6 with 7 shown | oo With gain, Voo And the curve of the clock frequency.
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42. Grounding and wiring

Since the analog input and'réference input are differential, most of the voltage of the analog modulator is a common-mode voltage. TM7707/8
The good common-mode rejection perfofmance can eliminate the common-mode noise in these common-mode input signals. Digital filter can suppress power supply
Broadband noise genefated‘in addition to frequencies that are integer multiples of the modulator sampling frequency. In addition, digital filters can eliminate analog
And the noise inghe reference input signal does not saturate the analog modulator. In short, TM7707/8 Conversion of higher resolution than traditional
The device is more immunet@inoise interference. However, because its resolution is too high and the noise level is too small, it must be noted
Grounding and circuit wiring.
TM7707 The printed circuit board must be designed according to specifications to ensure that the analog area and the digital area are separated and each limited in the circuit
A certain area on the board. The ground plane can be used to easily separate them. It is better to use corrosion technology as the ground plane, because
In this way, the shielding performance can be maximized. The analog and digital ground planes should be connected together in only one place to avoid
Ground loop. Need for multiple devices in the system AGND-DGND In connected applications, TM7707 Analog and digital connections
The ground plane should be as close as possible TM7707 of GND The star ground point is connected.
Avoid running digital lines under the device, as this will cause the on-chip noise to increase exponentially. The analog ground plane should be placed on
Below the device. TM7707/8 The power cord should be thick enough to reduce the line impedance and reduce the sharpness of the power supply line.
The influence of the peak signal. Fast transition signals such as the master clock should be shielded by digital grounding to prevent noise from radiating to other parts of the circuit.
It part. The clock signal cannot pass near the analog input signal. Avoid crossover between analog signals and digital signals.
The lines on both sides of the circuit board should be at right angles to reduce the feedthrough effect of the circuit board. Using microstrip technology is the best
Yes, but we can’t always use double-sided circuit boards. When applying this technology, put the components on the side of the circuit board
On the ground plane, the signal is placed on the solder side of the circuit board.
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Use high resolution ADC At times, good decoupling performance is very important. All analog power supplies should be decoupled by:

use 10 p F One in parallel 0.1 p F Of ceramic capacitors GND Decoupling. To get the best effect of decoupling components, they should be placed as close as
possible ADC ,in ADC Right above is ideal. All logic chips should be connected to DGND

Up 0.1 p F Decoupling of capacitors.

Forty-three, digital interface

As mentioned earlier, TM7707/8 The programming function is controlled by on-chip register settings. Write/read operations to these registers
The work is done through the serial interface of the device.

TM7707/8 The serial interface includes 5 Signals: namely CS:CLK , DIN, DOUT with DRDY . DIN
Lines are used to transfer data to the on-chip registers, and DOUT The wire is used to access the data in the register. SCLK It is a serial clock input, all data
transmission and SCLK Signal related. DRDY Line as a status signal to remind the data
At that time, it is ready to read data from the register. When there is a new data word in the output register, DRDY Becomes low. in
Before the output register data is updated, if DRDY Changes to high level, it prompts not to read data at this time, so as notfo register
Read data during the update process. CEsed to select devices. In applications where many devices are connected to the serial bus, it is @lso used
In the system TM7707/8 To decode.

Figure 16 with 17 Is used CS (_;:ct TM7707/8 Timing diagram for decoding. Figure 16 Shewn is fromTM7707/8 Lose
The timing diagram of the shift register read data, and the diagram 17 Shown is the timing diagram-ef,writing'data to the input shift register. which is
So that after the first read operation DRDY When the line returns to high level, the same data may be readitwice’from the output register
Case. Care must be taken to ensure that the read operation has been completed before theynext output update is performed.

Pass to CS Add low level, TM7707/8 The serial intefface can worklin three-wire mode. SCLK, DIN with DOUT

Line used with TM7707/8 To communicate. DRDY The status can‘be accgssed throdgh the communication register MSB get. This solution is suitable for
interfacing with a microcontroller. If required CS As a decoded signal_,it can be generated by the port of the microcontroller. Correct
For the interface with the microcontroller, it is recommended that betweentwo adjacent data transmissions, SCLK Set to high level.

TM7707/8 Can also be CS Works when used as a frame synchronization signal. This scheme is suitable for DSP Interface in

In this case, the firstplace™ MSB ) Was CSyThe timing is valid output because CS Usually at DSP On the SCLK

Generated at theffalling edge. If the timing does not eéhange, SCLK It can also continue to run between two adjacent data transfers. through

Add on TM7707/8 of RESET The reset signal on the pin can reset the serial interface. Can also pass to DIN Write a series of " 1 "To
reset the serial interface, if atlleast32 Serial clock cycles inward TM7707/8

of DIN Line write logic" 1", the sefial interface is reset. This ensures that in a three-wire system, if a software error occurs

Or the flashing signal in the system causes the interface to get lost, and the system interface can be reset to a known state. This is to make the interface back
To TM7707/8 Waiting for a write operation to its communication register. This write operation itself does not reset any register

The contents of the register, but because the interface has been lost, the information written to any register is unknown, so it is recommended to change all

The register is reset once.

Some microprocessors or microcontrollers have only a single serial data line for the serial interface. In this case, you can
To put TM7707/8 of DATAOUT with DATA IN Connect the wires together and connect them to the single data wire of the processor
even. One must be used on this single data line 10kQ The pull-up resistor. In this case, if the interface gets lost,
Because read and write operations share the same wire, the process of resetting and restoring the interface to a known state is different from the previous description.
This process requires twenty four Read operations with consecutive clocks and at least 32 Consecutive clock cycles of logic "1" To ensure that the serial
interface returns to a known state.
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Forty-four, TM7707/8 Configuration
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POWER-ON/RESET FOR TM7707/8

!

CONFIGURE & INITIALIZEW C/uP SERIAL PORT

'

WRITE TO COMMUNICATIONS REGISTER SELECTING
CHANNEL & SETTING UP NEXT OPERATION TO BE A
WRITE TO THE CLOCK REGISTER (20 HEX)

v

WRITE TO CLOCK REGISTER SETTING THE CLOCK
BITS IN ACCORDAMNCE WITH THE APPLIED MASTER
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45. Microcomputer/microprocessor interface

TM7707/8 The flexible serial interface makes it easy to interface with most microcomputers and microprocessors.
Figure 10 Listed TM7707/8 Items that must be followed when interfacing with a microcontroller or microprocessor. Figure 19 , 20 with twenty one
Shown are some typical interface circuits.

TM7707/8 The serial interface can work with only three wires and is compatible with SPI The interface standard is compatible.
TM7707/8 The three-wire working method makes it ideal for applications in the following places: the isolation system that requires the least interface line
System to minimize the number of opto-isolators required by the system. The serial clock input signal is a Schmidt ( Schmitt )touch
For signalling, it can adapt to the slow edge of the optocoupler. The rise and fall time of other digital input signals should not exceed 1
us.

TM7707TM7708 Most of the registers in are 8 Bit register, which makes with 8 Microcontroller interface with a bit serial interface is very easy. TM7707/8

The digital register on is twenty four Bit, offset and gain registers are also twenty four

Bit, the digital transfer to these registers and microcontroller ports contains multiple 8 Bit byte. DSP Processors and microprcessors usually transmit in serial
data operations 16 Bit data. Some processors such as ADSP-2105 In a serial data transmission, the number of cycles can rogrammed. This allows the

user to increase or decrease the number of bits of the register in any transmission to match the requirements

Match.
in spite of TM7707/8 Some registers only have 8 Bit, but two such registers can be success; nd thedwrite operation can be used as
one 16 Bit data transmission processing. For example, if the setting register is to be updated, t first
Write the communication register first, then write one 8 Bit data to the setting regist: these can be
Single 16 Bit data transfer to complete, because written to the communication register 8 ial data is completed, the device immediately sets

itself to a write operation state to the setting register.

Forty-six, TM7707/8 versus 89C51 interface

TM7707/8 versus 89C51 The microcontr e figure 20 Shown. In the picture CS Use when connected to low level 2 Wire

connection. DRDY The bits are monitored to deter hen the data register is updated. Another option is to monitor DRDY
Output line, this will increase the i.face line to 3 line. C t DRDY Line monitoring methods are 2 Kinds: query method and interrupt method, similar to 68HC11

Interface method. 89C51 Configured as/8erial interface 0 Mode, this serial interface includes a single data line. the result is, TM7707/8 of DATA OUT with DATA

IN The pins must be ne together, on st also be connected 10kQ The pull-up resistor.

89051 Voo TMF707/8

e

P3.0 (g ) DATA OUT

b DATA IN
P3.1{_p——————={ ) 5CLK

TE
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Figure 20TM7707/8 versus 89C51 interface

Forty-seven, settings TM7707/8 Program code

table 16 Gives TM7707 Use to interface with microcontroller C A set of read and write programs written in code. The steps of this
procedure are:
1. Write data to the communication register, select the channel 1 As a valid channel, set the next operation to the register
Perform a write operation.
2. For setting register write operation, select 16 Gain multiplier, none BUF Buffer, bipolar.
3. Write data to the communication register, select the channel 1 As a valid channel, set the next operation to register the filter low
Write operation.
4. Write to filter low register 0X00 .
5. Write data to the communication register, select the channel 1 As a valid channel, set the next operation to register the filter high
Write operation.
6. Write to filter high register 0XOF
7. Inquire DRDY Output.

8. Read data from the data register.

9. Jump back to 7, The first 8 Step until the specified number of samples are taken from cte nel.
table 16 TM7707 Interface with microprocessor C Language code
/I MCU: AT89S52

/| Target: TM7707

# include<reg52.h>

# include<intrins.h>

# define uchar unsigned char
# define uint unsigned int sbit

SCLK=P110;

sbit DIO=P171; .
sbit RESET=P14
sbit CS=P1%
sbit DRDY=

uchar *intp;
uchar idata date8[180];
void write_byte1(uchar date) I/ Write one byte of data
{
uchar i;
CS=0; /ICS Pull down,
for(i=0;i<8;i++)
{
SCLK=0; J/ISCLK Pull down and prepare to write data
_hop_();
if(date&0x80)
DIO=1;
else

© Titan Micro Electronics V1.1 www.titanmec.com
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DIO=0;
SCLK=1; /ISCLK Pull high, write one bit of data
Date<<=1;
}
CS=1; /I After writing a byte CS Pull up.
}
uchar read_byte1 () / Read one byte of data
{
uchar j,b1;
CS=0;
for(j=0;j<8;j++)
{
SCLK=0;
b1=(b1<<1)|DIO;
SCLK=1;
}
return b1;
¥
void save_data(void)
{
uchar i0,i1;
intp=date8;

for(i0=0;i0<60;i0++)

{
while(DRDY);
write_byte‘x38);

it DRDT When , data can be read

rite data to the communication register, select the channel 1 As effective, the next

1/ Store one piece of data continuously.

}

!
void init() I/ initialization
{

RESET=1;

SCLK=1;

CS=1;

DRDY=1;
!

void main(void) // Main function

© Titan Micro Electronics V1.1 www.titanmec.com
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init();

write_byte1(0X10); /I Write data to the communication register, select the channel 1 As an effective channel, the next operation
Set to write the setting register.

write_byte1(0X20); /I Write operation to the setting register, select 16 Gain multiplier, none BUF Buffer, bipolar.

write_byte1(0X50); /I Write data to the communication register, select the channel 1 As an effective channel, the next operation
Set to write to the filter low register.

write_byte1(0X00); /I Write to filter low register 0X00 .

write_byte1(0X20); /I Write data to the communication register, select the channel 1 As an effective channel, the next operation

Set to write to the filter high register.

write_byte1(0XO0F); /I Write to filter high register 0XOF .
save_data(); //IMCU Continuous storage twenty four Bit data 60 One.
while(1); // Wait in a loop.

48. Application examples

TM7707 Provide dual-channel, low-cost, high-resolution analog-to-digital conversion function:"Buie to Z-"AiThe strugfure realizes analog-to-digital
conversion, so that the device can be protected from interference in a noisy environment, so itfis verysuitable for industrial and process control. At the same time it also
Provides programmable gain amplifier, digital filter and calibration options. Therefore, it providesimore paints than ordinary ADC more
Multiple system-level functions, and there is no need to have the shortcomings of high-quality integrating capacitors. will TM7707 Applied to the system
, Can make the system designer obtain a high resolution, because TM7707 Integral of noise performiance ratio ADC Is better.
Chip PGA allow TM7707 Processing as low as 10mV (Fullsseale) Analog input voltage ( VREF=+1.25V ).
When the device works in unbuffered mode, the differential input makes the absolutéyaltie of the analog input range at GND with VDD Any value in
between. This allows the user to connect the sensor directly to TM7707 The input'terminal is connected. TM7707 Programmable gain front end allows
processing 0 ~+ 20mV To 0 ~+ 2.5V Unipolar analoginput signal and +20mV To +2.5V Bipolar signal. Because the device operates on a single power supply, the

bipolar input range is related to thé'lip-biased differential inpat.

Forty-nine, pressure measurement

TM77074A typical application is pressuré measurement. Figure twenty two Shown is TM7707 When used with a pressure sensor, it is Sensym the
company's BPO1*Manometeh, The pressure sensor is installed in a bridge circuit,
In it's OUT (+) and OUT The (-) terminal eutputs the differential output voltage. When adding full scale pressure to the sensor
( 300mmHg ), the differential output voltage (ie IN (+) and IN (-) The voltage between the two ends) is the input voltage
3mV/V . Assuming the excitation voltage is 5V , The full-scale output voltage of the sensor is 15mV . Excitation voltage of bridge circuit
Also used for TM7707 Generate a reference voltage. Therefore, changes in the excitation voltage will not cause errors in the system. Figure twenty two In, when
the two resistance values are 24k Q with 15kQ When the excitation voltage is 5V Time, TM7707 The generated reference voltage is
1.92V . The device has 128 When the programmable gain TM7707 The full-scale input amplitude should be 15mV . This value is related to the output range of
the sensor. TM7707 The second channel can be used as an auxiliary channel to measure another change, such as temperature
Degree, as shown twenty two Shown. This secondary channel can be used to adjust the output signal of the primary channel in order to eliminate temperature effects on the system

Impact.

© Titan Micro Electronics V1.1 www.titanmec.com
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EXCITATION VOLTAGE = +5V e

IN+
OUT(+)
THERMOCOUPLE
ol JUNCTION
= TMrror  Lwewn ) =
= - TM7707 =
THERMOCOLPLE MECLK oUT l—-|_- WEANCHE:
JUNCTION B
‘RESET
I
DROY
1541 TRIY
v DOUT DIN TF SCLK
DOUT DIN TF SCLK
Figure twenty two use TM7707 Make pressure measurement Figure twenty threg'use TM7707 Make temperature measurement
Fifty, temperature measurement
TM7707 Another area of application is temperature measurement. Figure twenty three Is a thermoc TM7707 Connection diagram. In this

application, TM7707 Work in buffer mode to allow large decoupling capacitors on the front end to eli e thermal'coupling

Pick up any noise on your feet. when TM7707 When working in buffer mode, its common mod duced. For the future

To reference voltage (+ 2.5V ).
Figure twenty four Shown is TM7707 Another temperature measurel ication. issapplication, the sensor is a RTD (Thermistor), PT100 . Itis a
four-pin RTD . Resistance in the lead RL1 with RL4 There is a voltage i hifts the common-mode voltage. when TM7707 When the input current
is very low, the lead resistance RL2 with RL3 There is no voltage drop. T| esistariCe presents a small source impedance, so it is generally not necessary
to TM7707 The buffer in is opened. If requested

To use a buffer, you must pass the RTD The botto TM7707 of GND ert a small resistor between them to set the corresponding common mode

© Titan Micro Electronics V1.1 www.titanmec.com
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+5V
| Voo

4400}!-& O
REF IN[+}

REF IN(}

) TM7707 (\MCLK IN

i|—

b

r——) é

Ri2 AIN1(+)
G' RTD ()—I_I

MCLK OUT -
$—am Q -
Rpa AIN1L
RESET
Ris
DRDY
GND )
—O0—0O0—10
DOUT DIN T8 SCLK
-
Figure twenty fouruse TM7707 get on RTD me ing
Fifty-one, smart transmitter
Another application area is in low-power, single-supply, three-wif@jinterface s transmitters. Here, the entire smart launch

Device must be in 4 ~ 20mA Work in the loop. The loop allows the total c tito,be'supplied to the transmitter as low as 3.5mA . among them TM7707 Consume

only 320 p A Current, leaving at least 3mA The current to the other pa nsmitter. Figure 25 Shown is to contain TM7707 A block diagram of a smart

transmitter. With dual input channels TM7707 It is ially suitable for

channel. ‘

ems that require auxiliary channels to measure variables to modify the main

equires low-power, sin upply operation is battery monitoring in portable devices. Figure 26 Yes
A block diagram itor, including TM7707 And it is used to differentially measure the voltage across each battery.
Router ( multiplexer ) TM7707 The second channel is used to monitor the leakage current of the battery. With dual input channels
TM7707 It is suitable for measurement systems that require two input channels, as in this example, to monitor voltage and current.

because TM7707 Can adapt to very weak input signals, so RSENSE A small resistance value can be used, so that unnecessary power loss can be
reduced. This system works at a gain of 128 , The full scale is #9.57mV The signal can be 2 pV

The resolution is measured and gives 13.5 The stability of the bit. In order to obtain the rated characteristics in unbuffered mode, false

Determine the absolute value of the analog input voltage GND-30mV with V oo + 30mV between, The input common mode range is GND To Voo.

25 At °C, when the performance does not decrease, TM7707 Can bear GND-200mV Absolute voltage, but leakage current

It will increase a lot when the temperature rises.
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ISQLATION MAIN TRANSMITTER ASSEMBLY
BARRIER
=
. ISOLATED SUPPLY | | 220 0. HF DN2SD
1T R v
II !
- [
1 R
v 100K3 | | Voo
oo REF IN ;?'“‘Fi n‘ll | (
|| | mcrocONTROLLER UNIT
.
SENSORS I 51 | PID
T T ™ RANGE SETTING
RTD TMz707 I CALIBRATION
0 [ LINEARIZATION
B MCLK IN [N QUTPUT CONTROL
: } SERIAL COMMUNICATION
L HART PROTOCOL
= I |
T |1 0
— 4 [N com
MCLKOUT : I
4 1 : I 0.01pF 0.0033pF
TT1 |
[
o N
ISOLATED GROUND P 0.0pF
___
Figure 25 use TM7707 Smart mw
ON/OFF SWITCH
& o/’.n
_L 4701
— VCELL1 DIFFERENTIAL
MULTIPLEXER
VDIFF1 . V| voLTAGE |*SV
l REGULATORS
VDIFF2 bl
DCBATTERY |+ Voo
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1.225V 2
= VCELL 4 ’ AIN1g REFIN(+OH "eee LOAD $
VDIFF4
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$ AIN2(4
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Figure 26 use TM7707 Battery monitoring
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Device dimensions

N
N
T T

i

I T O

T

0.38x15°

A |
i) i
T - SREE-NE *i

G \\
Symbol Min Nom Max

A 1.500 | 1.600 | 1.700

A1 0.100| 0.150 | 0.200

A2 1.400| 1.450 | 1.500

A3 | - 0223 | —

b 0.356 | 0.406 | 0.456

b1 0.366 | 0.426 | 0.486

C | == 0.203 | —

D1 9.700 9.900 | 10.10

D2 9.750 9.950| 10.15

E 5.900 6.000 | 6.100

E1 3.800 3.900 | 4.000

E2 3.850 3.950 | 4.050

e | — 1.270 | ——-

L 0.600 0.660 | 0.700

L1 0.950 1.050 | 1.150

R | - 0.200 | ——-

R1 | —eemme 0.300 | ==---m-

b 0 | — 8°

01 0 —— | _10°

YV o | e | e 0.1

A 0505 | ——
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