MICROCHIP

TC530/TC534

5V Precision Data Acquisition Subsystems

Features

< Precision (up to 17-Bits) A/D Converter
« 3-Wire Serial Port

¢ Flexible: User Can Trade Off Conversion Speed For
Resolution

¢ Single Supply Operation

¢ -5V Output Pin

¢ 4 Input, Differential Analog MUX (TC534)

¢ Automatic Input Polarity and Overrange Detection
¢ Low Operating Current: 5mA Max

* Wide Analog Input Range: +4.2V Max

» Cost Effective

Applications

< Precision Analog Signal Processor
« Precision Sensor Interface
* High Accuracy DC Measurements

Device Selection Table

Package Types

Part Number Package Ten&gir;‘taure
TC530COl 28-Pin SOIC 0°Cto +70°C
TC530CPJ 28-Pin PDIP (Narrow) 0°Cto +70°C
TC534CKW 44-Pin PQFP 0°Cto +70°C
TC534CPL 40-Pin PDIP 0°Cto +70°C

NC [ 1]
AcoM [ 2|
Crer- [ 3 |
Crer+ [ 4|
VRer- (5]
VRer+ [ 6 |

CH4- [ 7 |
CH3-[8 |
CH2- [ 9|

CH1- [10

CH4+ [11]

28-Pin SOIC
28-Pin PDIP
Vss[1] [28] CAP-
Cint [2] [27] AGND
Caz [3] [26] CAP+
BUF [4] 25] Vpp
ACOM [5| [24] NC
Crer- [8lrcsgocp 23 OSC
Crer+ [7]TC530C0I1(22] Vcep
VRer- [8] [21] RESET
VRer+ [9] 29 EOC
ViN- [10] [19 RW
Vint+ [1] [18) Din
DGND [12] [17] Deik
N/C [13] [16] Dout
0SCour [14] [15] OSCin
40-Pin PDIP
Vss [1] [40] CAP-
Cint[2] [39] AGND
Caz[3] [38] CAP+
BUF [4 | [37] Vop
ACOM [5 | [36] N/C
CRrer- [6 | [35] N/C
Crer+ [7] [34] osc
VReF- [8 ] [33] N/IC
Vrer+ [ TC534CPL  [32] Veop
CH4-[10] [31] NC
CH3-[11] [30] RESET
CH2- [12] [29] N/C
CH1-[13] [28] NIC
CHa4+ [14] [27] EOC
cHa+ 18] [26] RW
CcHa+ [16] [25] Dy
CH1+ [17] [24] Dok
DGND [18] [23] Dout
Al [19] [22] OSCiy
A0 [20] [21] 0SCout
44-Pin PQFP

N
<
S
43| 42
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TC530/TC534

General Description

The TC530/TC534 are serial analog data acquisition
subsystems ideal for high precision measurements (up
to 17-bits plus sign). The TC530 consists of a dual
slope integrating A/D converter, negative power sup-
ply generator and 3 wire serial interface port. The
TC534 is identical to the TC530, but adds a four chan-
nel differential input multiplexer. Key A/D converter
operating parameters (Auto Zero and Integration time)
are programmable, allowing the user to trade
conversion time for resolution.

Data conversion is initiated when the RESET input is
brought low. After conversion, data is loaded into the
output shift register and EOC is asserted, indicating

Typical Application

new data is available. The converted data (plus Over-
range and polarity bits) is held in the output shift regis-
ter until read by the processor or until the next
conversion is completed, allowing the user to access
data at any time.

The TC530/TC534 timebase can be derived from an
external crystal of 2MHz (max) or from an external fre-
quency source. The TC530/TC534 requires a single 5V
power supply and features a -5V, 10mA output which
can be used to supply negative bias to other
components in the system.

VbD 4 MCP1525

— " 100k
CINT
+5V R [ 01uF
INT —=C :
iVDD h !
(TC530 Only) \)"N' | . Voo |
+ . _ V \V - H ‘
IN+o— BUF Caz  INT Crer+CREF REF+ VREF- ACOM 3  Optional
CH1+ - » IN+ Dual Slope A/D Converter 0.0T4F| | Power-On
it > i : . Reset Cap
CMPTRA B :
RESET
CH2+ > DIF. T [ R
TC534 CH2- > MUX TC530 VoD i v O EOC
©nly) | oy N TC534 _
CH3LO— =) (TC534 State —» | °oRW
* Only) Machine - o DIN
Chas R Serial Port
o > DC-TO-DC Oscillator N ©oDout
> Converter (= 4)
A A ’ N ©Bowk
i '

oh ok 1.

CAP+ CAP-

: !
Ves OSC|N
Negative
1

Supply Output

O
OSCout

DS21433B-page 2

© 2002 Microchip Technology Inc.




TC530/TC534

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings*
Supply Voltage

Analog Input Voltage (V|\y+ or V|N-) Vpp toVgg
(Vpp + 0.3V) to (GND - 0.3V)
Ambient Operating Temperature Range:
PDIP Package (C)
SOIC Package (C)
PQFP Package (C)
Storage Temperature Range

Logic Input Voltage

0°C to +70°C
0°C to +70°C
0°Cto +70°C
-65°C to +150°C

*Stresses above those listed under "Absolute Maximum Rat-
ings" may cause permanent damage to the device. These are
stress ratings only and functional operation of the device at
these or any other conditions above those indicated in the
operation sections of the specifications is not implied. Expo-
sure to Absolute Maximum Rating conditions for extended
periods may affect device reliability.

TC530/TC530A/TC534 ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Vpp = Vccep, Caz = Crer = 0.47uF, unless otherwise specified.
Tp = +25°C Tp =0°C to +70°C
Symbol Parameter Unit | Test Conditions
Min Typ Max Min Typ Max
Vpp |Analog Power Supply Voltage 4.5 5.0 55 4.5 — 5.5 \%
Vcep | Digital Power Supply Voltage 4.5 5.0 55 4.5 — 5.5 \%
PD TC530/TC534 Total Power — — 25 — — — mQ VDD = VCCD =5V
Dissipation
Is Supply Current (Vg + P\) — 1.8 25 — — 3.0 mA
lcco | Supply Current (Veep Pin) — — 15 — — 1.7 mA | Fosc = 1MHz
Analog
R Resolution — — +17 — — +17 Bits | Note 1
ZSE | Zero Scale Error with Auto — — 0.5 — 0.005| 0.012 % F.S.
Zero Phase
ENL |End Point Linearity — 0.015| 0.030 — 0.015| 0.045 % F.S. | Note 1 and
Note 2
NL Max. Deviation from Best — 0.008 | 0.015 — — — % F.S. | Note 1 and
Straight Line Fit Note 2
ZStc | Zero Scale Temperature — — — — 1 2 uv/ec
Coefficient
SYE | Rollover Error — .012 — — .03 — % F.S. | Note 3
FStc | Full Scale Temperature — — — — 10 — ppm/ | Ext. VReg
Coefficient °C T.C. =0ppm/°C
I |Input Current — 6 — — — - PA  |ViIN=0V
Vemr | Common-Mode Voltage Vgg+15| — |Vpp-15| Vgg+15| — | Vpp-15 \
Range
VinT | Integrator Output Swing Vgg+09| — [Vpp-0.9| Vgg+09| — | Vpp-09 \
Vin | Analog Input Signal Range Vgg+15| — | Vpp-15| Vgg+15| — |Vpp -15 \
Vgrer | Voltage Reference Range Vgs+1 — [Vpp-1 Vpp+1 — Vpp -1 \Y,
Tpo Zero Crossing — 2.0 — — 3.0 — usec
Comparator Delay
Note 1: Integrate time > 66msec, Auto Zero time > 66msec, V|y1 (pK) = 4V.
2: End point linearity at £1/4, £1/2 +3/4, F.S. after full scale adjustment.
3: Rollover error is related to capacitor used for Cjy1. See Table 5-2, Recommended Capacitor for CiyT.
4: TC534 Only.

© 2002 Microchip Technology Inc.
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TC530/TC534

TC530/TC530A/TC534 ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Vpp = Vcep, Caz = Crer = 0.47uF, unless otherwise specified.

Tp = +25°C Ta =0°C to +70°C
Symbol Parameter Unit | Test Conditions
Min ‘ Typ ‘ Max Min ‘ Typ Max
Serial Port Interface
Vin Input Logic HIGH Level 2.5 — — 25 — — \
Vi Input Logic LOW Level — — 0.8 — — 0.8 \
N Input Current — — 10 — — — A
(DI, DO, D¢ k)
VoL | Logic LOW Output Voltage — 0.2 0.3 — — 0.35 \ lout = 250uA
(EOC)
Tr, Te |Rise and Fall Times — — 250 — 250 nsec C_ = 10pF
(EOC, DI, DO)
FxtL |Crystal Frequency — — 2.0 — — 2.0 MHz
Fexr | External Frequency on OSC)y — — 4.0 — — 4.0 MHz
Trs |Read Setup Time 1 — — — 1 — usec
Trp | Read Delay Time 250 — — — 250 nsec
Tprs | DcLk to Doyt Delay 450 — — — 450 nsec
TpwL |DcLk LOW Pulse Width 150 — — — 150 nsec
Tpwn | DLk HIGH Pulse Width 150 — — — 150 nsec
Tpr |Data Ready Delay 200 — — — 200 nsec
Rout | Output Resistance — 65 85 — — 100 Q loyT = 10MA
FcLk | Oscillator Frequency — 100 — — — — kHz Cosc =0
loutr | Vss Output Current — — 10 — — 10 mA
Multiplexer
Viumax | Maximum Input Voltage -2.5 — 25 -2.5 — 25 \Y
Rpson | Drain/Source ON Resistance — 6 10 — — — kQ

Note 1: Integrate time > 66msec, Auto Zero time = 66msec, V\y1 (pK) = 4V.
2: End point linearity at £1/4, £1/2 +3/4, F.S. after full scale adjustment.
3: Rollover error is related to capacitor used for Cy 1. See Table 5-2, Recommended Capacitor for C\yr.
4: TC534 Only.
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TC530/TC534

2.0

PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1

TABLE 2-1: PIN FUNCTION TABLE
Pin Number | Pin Number | Pin Number PIFngng;er

(TC530) (TC530) (TC534) 44-Pin Symbol Description
28-Pin PDIP | 28-Pin SOIC | 40-Pin PDIP PQFP

1 1 1 40 Vss Analog output. Negative power supply converter output and
reservoir capacitor connection. This output can be used to
provide negative bias to other devices in the system.

2 2 2 41 Cint | Analog output. Integrator capacitor connection and
integrator output.

42 Caz | Analog input. Auto Zero capacitor connection.
43 BUF | Analog output. Integrator capacitor connection and voltage
buffer output.

5 5 5 2 ACOM | Analog input. This pin is ground for all of the analog
switches in the A/D converter. It is grounded for most
applications. ACOM and the input common pin (V- or
CHX-) should be within the common mode range, CMR.

Crer- | Analog Input. Reference cap negative connection.

Crept | Analog Input. Reference cap positive connection.

Vrer- | Analog Input. External voltage reference negative connec-
tion.

9 9 9 6 Vgeet | Analog Input. External voltage reference positive connec-
tion.

Not Used Not Used 10 CH4- | Analog Input. Multiplexer channel 4 negative differential
Not Used Not Used 11 CH3- | Analog Input. Multiplexer channel 3 negative differential
Not Used Not Used 12 CH2- | Analog Input. Multiplexer channel 2 negative differential
Not Used Not Used 13 10 CH1- | Analog Input. Multiplexer channel 1 negative differential
Not Used Not Used 14 11 CH4+ | Analog Input. Multiplexer channel 4 positive differential
Not Used Not Used 15 12 CH3+ | Analog Input. Multiplexer channel 3 positive differential
Not Used Not Used 16 13 CH2+ | Analog Input. Multiplexer channel 2 positive differential
Not Used Not Used 17 14 CH1+ | Analog Input. Multiplexer channel 1 positive differential

10 10 Not Used Not Used Vn- Analog Input. Negative differential analog voltage input.

11 11 Not Used Not Used V\yt | Analog Input. Positive differential analog voltage input.

12 12 18 15 DGND | Analog Input. Ground connection for serial port circuit.

Not Used Not Used 19 16 Al Logic Level Input. Multiplexer address MSB.
Not Used Not Used 20 17 A0 Logic Level Input. Multiplexer address LSB.

14 14 21 18 OSCqyr | Analog Input. Timebase for state machine. This pin con-
nects to one side of an AT-cut crystal having an effective
series resistance of 100Q (typ) and a parallel capacitance of
20pF. If an external frequency source is used to clock the
TC530/TC534 this pin must be left floating.

15 15 22 19 OSCy | Analog Input. This pin connects to the other side of the crys-
tal described in OSCq 1 above. The TC530/TC534 may
also be clocked from an external frequency source con-
nected to this pin. The external frequency source must be a
pulse wave form with a minimum 30% duty cycle and rise
and fall times 15nsec (Max). If an external frequency source
is used, OSCq1 must be left floating. A maximum operat-
ing frequency of 2MHz (crystal) or 4MHz (external clock
source) is permitted.

© 2002 Microchip Technology Inc.
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TC530/TC534

TABLE 2-1:

PIN FUNCTION TABLE (CONTINUED)

Pin Number
(TC530)
28-Pin PDIP

Pin Number
(TC530)
28-Pin SOIC

Pin Number
(TC534)
40-Pin PDIP

Pin Number
(TC534)
44-Pin
PQFP

Symbol

Description

16

16

23

20

Dout

Logic Level Output. Serial port data output pin. This pin is
enabled only when R/W is high.

17

17

24

21

Dcik

Logic Input, Positive and Negative Edge Triggered. Serial
port clock. When R/W is high, serial data is clocked out of
the TC530/TC534A (on Do) at each high-to-low transition
of D¢ k. A/D initialization data (LOAD VALUE) is clocked
into the TC530/TC534 (on D) at each low-to-high transi-
tion of D¢ k. A maximum serial port D¢ i frequency of
3MHz is permitted.

18

18

25

22

Logic Level Input. Serial port input pin. The A/D converter
integration time (T;y1) and Auto Zero time (T,z) values are
determined by the LOAD VALUE byte clocked into this pin.
This initialization must take place at power up, and can be
rewritten (or modified and rewritten) at any time. The LOAD
VALUE is clocked into Dy MSB first.

19

19

26

23

Logic Level Input. This pin must be brought low to perform a
write to the serial port (e.g. initialize the A/D converter). The
Doyt pin of the serial port is enabled only when this pin is
high.

20

20

27

24

EOC

Open Drain Output. End-of-Conversion (EOC) is asserted
any time the TC530/TC534 is in the AZ phase of conver-
sion. This occurs when either the TC530/TC534 initiates a
normal AZ phase or when RESET is pulled high. EOC is
returned high when the TC530/TC534 exits AZ. Since EOC
is driven low immediately following completion of a conver-
sion cycle, it can be used as a DATA READY processor
interrupt.

21

21

30

28

RESET

Logic Level Input. It is necessary to force the TC530/TC534
into the Auto Zero phase when power is initially applied.
This is accomplished by momentarily taking RESET high.
Using an I/O port line from the microprocessor or by apply-
ing an external system reset signal or by connecting a
0.01uF capacitor from the RESET input to Vpp. Conver-
sions are performed continuously as long as RESET is low
and conversion is halted when RESET is high. RESET may
therefore be used in a complex system to momentarily sus-
pend conversion (for example, while the address lines of an
input multiplexer are changing state). In this case, RESET
should be pulled high only when the EOC is LOW to avoid
excessively long integrator discharge times which could
result in erroneous conversion. (See Applications Section).

22

22

32

30

Veep

Analog Input. Power supply connection for digital logic and
serial port. Proper power-up sequencing is critical, see the
Applications section.

23

23

34

32

0osC

Input. The negative power supply converter normally runs at
a frequency of 100kHz. This frequency can be slowed down
to reduce quiescent current by connecting an external
capacitor between this pin and V*pp_

See Section 6.0, Typical Characteristics.

25

25

37

35

Vbp

Analog Input. Power supply connection for the A/D analog
section and DC-DC converter. Proper power-up sequencing
is critical, (See the Applications section).

DS21433B-page 6
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TC530/TC534

TABLE 2-1: PIN FUNCTION TABLE (CONTINUED)
Pin Number | Pin Number | Pin Number PlFngng;)er
(TC530) (TC530) (TC534) 44-Pin Symbol Description
28-Pin PDIP | 28-Pin SOIC | 40-Pin PDIP PQFP
26 26 38 36 CAP+ | Analog Input. Storage capacitor positive connection for the
DC/DC converter.
27 27 39 37 AGND | Analog Input. Ground connection for DC/DC converter.
28 28 40 38 CAP- | Analog Input. Storage capacitor negative connection for the
DC/DC converter.
13,24 13,24 28,29, 31, |1,25,26,27, NC No connect. Do not connect any signal to these pins.
33, 35, 36 29, 31, 33,
34, 39, 44

© 2002 Microchip Technology Inc.

DS21433B-page 7



TC530/TC534

3.0 DETAILED DESCRIPTION

3.1 Dual Slope Integrating Converter

The TC530/TC534 dual slope converter operates by
integrating the input signal for a fixed time period, then
applying an opposite polarity reference voltage while
timing the period (counting clocks pulses) for the inte-
grator output to cross 0V (deintegrating). The resulting
count is read as conversion data.

A simple mathematical expression that describes dual
slope conversion is:

EQUATION 3-1:

Integrate Voltage = De-integrate Voltage

EQUATION 3-2:
1 ITINT 1 ITDEINT
—_— Vn(TDT =————F+— V
RintCinT ©0 (™) RiNTCinT ©0 REF
from which:
EQUATION 3-3:

(TinT) [( (ToeinT)
V EERNLLLLEE = _ Y DEINTZ
i) [(RlNT)(ClNT) (Vrer) RiNT)(CinT)

And therefore:

EQUATION 3-4:

ToeINT
ViN = VREF[—T
INT
where:
Vger = Reference Voltage
TinT = Integrate Time

TpeinT = Reference Voltage De-integrate Time

Inspection of Equation 3-4 shows dual slope converter
accuracy is unrelated to integrating resistor and capac-
itor values, as long as they are stable throughout the
measurement cycle. This measurement technique is
inherently ratiometric (i.e., the ratio between the T\yt
and TpgnT times is equal to the ratio between Vy and
VREF)-

Another inherent benefit is noise immunity. Input noise
spikes are integrated, or averaged to zero, during the
integration period. The integrating converter has a noise
immunity with an attenuation rate of at least -20dB per
decade. Interference signals with frequencies atintegral
multiples of the integration period are, for the most part,
completely removed. For this reason, the integration
period of the converter is often established to reject 50/
60Hz line noise. The ability to reject such noise is shown
by the plot of Figure 3-1.

In addition to the two phases required for dual slope
measurement (Integrate and De-integrate), the TC530/
TC534 performs two additional adjustments to
minimize measurement error due to system offset volt-
ages. The resulting four internal operations (conver-
sion phases) performed each measurement cycle are:
Auto Zero (AZ), Integrator Output Zero (1Z), Input Inte-
grate (INT) and Reference De-integrate (DINT). The
AZ and 1Z phases compensate for system offset errors
and the INT and DINT phases perform the actual A/D
conversion.

INTEGRATING
CONVERTER NORMAL
MODE REJECTION

FIGURE 3-1:

(2]
o

1 T 111
T = Measurement
Period ;

\r

’
’
4

N
o

.

-
o

//

Normal Mode Rejection (dB)

1T 10/T
Input Frequency

<)
3

3.2 Auto Zero Phase (AZ)

This phase compensates for errors due to buffer, inte-
grator and comparator offset voltages. During this
phase, an internal feedback loop forces a compensat-
ing error voltage on auto zero capacitor (Cpz). The
duration of the AZ phase is programmable via the serial
port (see Section 4.1.1, AZ and INT Phase Duration).

DS21433B-page 8
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TC530/TC534

FIGURE 3-2: SERIAL PORT TIMING
Read Timing Write Timing Write Default Timing
. —P ¢— TRs __
R/W o RW —
—»r Tprp f€— R/W
EOC j Tisre— — T
o s I S S S S
Dourt fTDLsTPWL — Tips
Tprs —P>
B T W A
Dok [\ /
Read Format

R/W
EOC

Write Format

R/\Nj

oo IO OO0

For Polled vs Interrupt Operation and Write Value Modified Cycle Use TC520A Data Sheet (DS21431).

FIGURE 3-3: A/D CONVERTER TIMING
Conversion
Phase AZ [T

DINT lz| Az

Data to Serial
Port Transmit
Register

Updated Data
Ready

Updated Data
Ready

—»| «— TDR

!
!
— i
|
|
|

EOCC

3.3 Input Integrate Phase (INT)

In this phase, a current directly proportional to differen-
tial input voltage is sourced into integrating capacitor
CnT- The amount of voltage stored on Cjyr at the end
of the INT phase is directly proportional to the applied
differential input voltage. Input signal polarity (sign bit)
is determined at the end of this phase. Converter
resolution and speed is a function of the duration of the
INT phase, which is programmable by the user via the
serial port (see Section 4.1.1, AZ and INT Phase Dura-
tion). The shorter the integration time, the faster the

speed of conversion (but the lower the resolution).
Conversely, the longer the integration time, the greater
the resolution (but at slower the speed of conversion).

© 2002 Microchip Technology Inc.
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TC530/TC534

3.4 Reference De-integrate Phase
(DINT)

This phase consists of measuring the time for the inte-
grator output to return (at a rate determined by the
external reference voltage) from its initial voltage to OV.
The resulting timer data is stored in the output shift reg-
ister as converted analog data.

3.5 Integrator Output Zero Phase (12)

This phase ensures the integrator output is at zero volts
when the AZ phase is entered so that only true system
offset voltages will be compensated for.

All internal converter timing is derived from the fre-
quency source at OSC,y and OSCqt- This frequency
source must be either an externally provided clock
signal or an external crystal. If an external clock is
used, it must be connected to the OSCy pin and the
OSC gy pin must remain floating. If a crystal is used, it
must be connected between OSCy and OSCqyt and
be physically located as close to the OSC,y and
OSCoyrt pins as possible. In either case, the incoming
clock frequency is divided by four, with the resulting
clock serving as the internal TC530/TC534 timebase.

4.0 TYPICAL APPLICATIONS
4.1 Programming the TC530/TC534

41.1 AZ AND INT PHASE DURATION

These two phases have equal duration determined by
the crystal (or external) frequency and the timer initial-
ization byte (LOAD VALUE). Timing is selected as
follows:

1. Select Integration Time

Integration time must be picked as a multiple of the
period of the line frequency. For example, Tyt
times of 33msec, 66msec and 132msec maximize
60Hz line rejection.

2. Estimate Crystal Frequency

Crystal frequencies as high as 2MHz are allowed.
Crystal frequency is estimated using:

EQUATION 4-1:
2(R)YTinT
where:
R = Desired Converter Resolution (in counts)

Fin = Input Frequency (in MHz)

INT = Integration Time (in seconds)

3. Calculate LOAD VALUE

EQUATION 4-2:

[LOAD VALUEJ10 = 256 - (Tnn)(Fin)
1024

F\n can be adjusted to a standard value during this
step. The resulting base, -10 LOAD VALUE, must be
converted to a hexadecimal number and then loaded
into the serial port prior to initiating A/D conversion.

4.2 DINT and 1Z Phase Timing

The duration of the DINT phase is a function of the
amount of voltage stored on the integrator capacitor
during INT and the value of Vggr The DINT phase is ini-
tiated immediately following INT and terminated when
an integrator output zero crossing is detected. In gen-
eral, the maximum number of counts chosen for DINT is
twice that of INT (Wlth VREF chosen at V|N(MAX)/2)‘

4.3 System RESET

The TC530/TC534 must be forced into the AZ state
when power is first applied. A .01uF capacitor con-
nected from RESET to Vpp (or external system reset
logic signal) can be used to momentarily drive RESET
high for a minimum of 100msec.

4.4 Design Example

Figure 4-1 shows a typical TC534 interrupt-driven
application. Timing and component values are calcu-
lated from equations and recommendations made in
Section 3.1 and Section 4.1 of this document. The
EOC connection to the processor INT input is for inter-
rupt-driven applications only. (In polled systems, the
EOC output is available on D).

Given:
Required resolution:16-bits (65,536 counts.)
Maximum: Vg 2V
Power supply voltage: +5V
60hz system

1. Pick Integration time (T;yT): 66msec
2. Estimate crystal frequency.

EXAMPLE 4-1:

Fin = 2R/TynT = 2 X 65536/66 x 107 = 1.98MHz
(use 2MHz)

3. Calculate LOAD VALUE

EXAMPLE 4-2:

LOAD VALUE = 256 — (T|NT)(F|N)/1024 = [128]10
[128],, = 80 hex

DS21433B-page 10
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TC530/TC534

4. Calculate RinT

EXAMPLE 4-3:
R|NT = V|NMAX/20 = 2/20 = 100k

5. Calculate Cyt for maximum (4V) integrator out-
put swing:

EXAMPLE 4-4:
Cint = (TiNT)(20 X 1078)/ (Vg - 0.9)

.32uF (use closest value: 0.33uF)

Note:  Microchip recommended capacitor:

Evox-Rifa p/n: SMR5 334K50J03L

6. Choose Cregr and Cpz based on conversion
rate:

EXAMPLE 4-5:

Conversions/sec

= U(Taz + TinT + 2T N7 + 2MSec)
= 1/(66msec + 66msec + 132msec + 2msec)
= 3.7 conversions/sec

from which Cpz = Creg = 0.22uF (Table 5-1)

Note:  Microchip recommended capacitor:

Evox-Rifa p/n: SMR5 224K50J02L4
7. Calculate VRer

EXAMPLE 4-6: S

Voo = V5= 0.9) (Cin) (RinT)
REF
2(TinT)
= (4.1) (0.33 x 178) (10%) / 2(.066)
=1.025Vv

4.5

Improper sequencing of the power supply inputs (Vpp
vs. Veep) can potentially cause an improper power-up
sequence to occur. See Section 4.6, Circuit Design/
Layout Considerations. Failing to insure a proper
power-up sequence can cause spurious operation.

Power Supply Sequencing

4.6

(.066)(20 x 107%)/(4.1) 2.

Circuit Design/Layout
Considerations

Separate ground return paths should be used
for the analog and digital circuitry. Use of ground
planes and trace fill on analog circuit sections is
highly recommended EXCEPT for in and around
the integrator section and Crgr Caz (CinTs
Crer Caz RynT)- Stray capacitance between
these nodes and ground appears in parallel with
the components themselves and can affect
measurement accuracy.

Improper sequencing of the power supply inputs
(Vop Vs. Veep) can potentially cause an
improper power-up sequence to occur in the
internal state machines. It is recommended that
the digital supply, Vccp, be powered up first.
One method of insuring the correct power-up
sequence is to delay the analog supply using a
series resistor and a capacitor. See Figure 4-1,
TC530/TC534 Typical Application.

Decoupling capacitors, preferably a higher
value electrolytic or tantulum in parallel with a
small ceramic or tantalum, should be used liber-
ally. This includes bypassing the supply connec-
tions of all active components and the voltage
reference.

Critical components should be chosen for stabil-
ity and low noise. The use of a metal-film
resistor for Ryt and Polypropylene or
Polyphenelyne Sulfide (PPS) capacitors for
CINT! CAZ and CREF is hlghly recommended.
The inputs and integrator section are very high
impedance nodes. Leakage to or from these crit-
ical nodes can contribute measurement error. A
guard-ring should be used to protect the integra-
tor section from stray leakage.

Circuit assemblies should be exceptionally
clean to prevent the presence of contamination
from assembly, handling or the cleaning itself.
Minute conductive trace contaminates, easily
ignored in most applications, can adversely
affect the performance of high impedance cir-
cuits. The input and integrator sections should
be made as compact and close to the TC53X as
possible.

Digital and other dynamic signal conductors
should be kept as far from the TC53X’s analog
section as possible. The microcontroller or other
host logic should be kept quiet during a mea-
surement cycle. Background activities such as
keypad scanning, display refreshing and power
switching can introduce noise.

© 2002 Microchip Technology Inc.
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FIGURE 4-1. TC530/TC534 TYPICAL APPLICATION
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5.0 SELECTING COMPONENT
VALUES FOR THE
TC530/TC534

1. Calculate Integrating Resistor (RynT)

It is critical that the integrating capacitor have a very
low dielectric absorption. PPS capacitors are an exam-
ple of one such dielectric. Table 5-2 summarizes
various capacitors suitable for C\\.

. . . TABLE 5-2: RECOMMENDED CAPACITOR
The desired full scale input voltage and amplifier FOR C
output current capability determine the value of INT
Ryt The buffer and integrator amplifiers each value (uF) Suggested Part Number*
have afull scale current of 20pA. The value of R\t
is therefore directly calculated as follows: 01 SMRS5 104K50J0IL
0.22 SMR5 224K50J2L
EQUATION 5-1: 0.33 SMR5 334K50J03L4
A7 MR5 474K 4L
CViINvAX  mg 0 SMR5 474K50J0
INT = 20 Note: *Manufactured by Evox-Rifa, Inc.
where:

Vingvax) = Maximum Input Voltage (full count voltage)
R\nT = Integrating Resistor (in mQ)
For loop stability, Ryt should be > 50kQ.

2. Select Reference (Crgp) and Auto Zero (Caz)
Capacitors

Crer and Cpz must be low leakage capacitors
(such as polypropylene). The slower the conver-
sion rate, the larger the value Crgr must be. Rec-
ommended capacitors for Crgg and Cpz are
shown in Table 5-1. Larger values for Cp7 and
Crer may also be used to limit rollover errors.

TABLE 5-1: Creeg AND Cpz SELECTION
Conversion | Typical Value of Suggested* Part
Per Second | Crggr Caz (UF) Number

>7 0.1 SMR5 104K50J0IL
2to7 0.22 SMR5 224K50J2L
2 or less 0.47 SMR5 474K50J04L

Note: *Manufactured by Evox-Rifa, Inc.

5.1 Calculate Integrating Capacitor
(CinT)

The integrating capacitor must be selected to maximize
integrator output voltage swing. The integrator output
voltage swing is defined as the absolute value of Vpp
(or Vgg) less 0.9V (i.e.,IVpp — 0.9VI or IVgg +0.9VI).
Using the 20pA buffer maximum output current, the
value of the integrating capacitor is calculated using the
following equation.

EQUATION 5-2:
(T (20x107)
(Vg-0.9)
where: Tyt = Integration Period
VS = IVDDI
CinT = Integrated Capacitor Value (uF).

Cint

5.2 Calculate Vigr

The reference de-integration voltage is calculated
using the following equaton:

EQUATION 5-3:
_ (Vs—=0.9) Cn1) RinT)
2(RinT)

VRer

53 Serial Port

Communication with the TC530/TC534 is accom-
plished over a 3 wire serial port. Data is clocked into
Dy on the rising edge of D¢ ¢ and clocked out of Doyt
on the falling edge of D¢ k. R/W must be HIGH to read
converted data from the serial port and LOW to write
the LOAD VALUE to the TC530/TC534.

54 Data Read Cycle

Data is shifted out of the serial port in the following
order: End of Conversion (EOC), Overrange (OVR),
Polarity (POL), conversion data (MSB first). When R/W
is high, the state of the EOC bit can be polled by simply
reading the state of Dg1- This allows the processor to
determine if new data is available without connecting
an additional wire to the EOC output pin (this is espe-
cially useful in a polled environment). See Figure 5-1.

FIGURE 5-1: SERIAL PORT DATA

READ CYCLE

w0 Wl
Dewk

DouT ’ EOC \OVR\POL ‘MSB‘ \LSB ‘
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5.5 Load Value Write Cycle

Following the power-up reset pulse, the LOAD VALUE
(which sets the duration of AZ and INT) must next be
transmitted to the serial port. To accomplish this, the
processor monitors the state of EOC (which is available
as a hardware output or at Doyp). R/W is taken low to
initiate the write cycle only when EOC is low (during the
AZ phase). (Failure to observe EOC low may cause an
offset voltage to be developed across Cyt, resulting in
erroneous readings). The 8-bit LOAD VALUE data on
Dy is clocked in by D¢ k. The processor then termi-
nates the write cycle by taking R/W high. (Data is
transferred from the serial input shift register to the time
base counter on the rising edge of R/W and data
conversion is initiated). See Figure 5-2.

5.6 Input Multiplexer (TC534 Only)

A 4-input, differential multiplexer is included in the
TC534. The states of channel address lines A0 and Al
determine which differential V,y pair is routed to the
converter input. A0 is the least significant address bit
(i.e., channel 1 is selected when A0 = 0 and Al = 0).
The multiplexer is designed to be operated in a differ-
ential mode. For single-ended inputs, the CHx- input for
the channel under selection must be connected to the
ground reference associated with the input signal.

FIGURE 5-2: TC530/TC534 INITIALIZATION AND LOAD VALUE WRITE CYCLE
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3
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|
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T
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|
|
i
RESET \
I
|
|
|
|
|
T
|
|
|
|
|
T
|
|
|
|
|
|
|
l
1

EOC

57 DC/DC Converter

An on-board, TC7660H-type charge pump supplies
negative bias to the converter circuitry, as well as to
external devices. The charge pump develops a nega-
tive output voltage by moving charge from the power
supply to the reservoir capacitor at Vgg by way of the
commutating capacitor connected to the CAP+ and
CAP- inputs.

The charge pump clock operates at a typical frequency
of 100kHz. If lower quiescent current is desired, the
charge pump clock can be slowed by connecting an
external capacitor from the OSC pin to Vpp. Reference
typical characteristics curves.
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6.0 TYPICAL CHARACTERISTICS

The graphs and tables following this note are a statistical summary based on a limited number of samples and are
provided for informational purposes only. The performance characteristics listed herein are not tested or guaranteed.
In some graphs or tables, the data presented may be outside the specified operating range (e.g., outside specified
power supply range), and therefore outside the warranted range.
Output Voltage vs. Load Current Output Voltage vs. Output Current
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7.0
7.1

PACKAGING INFORMATION

Package Marking Information

Package marking data not available at this time.

7.2

Taping Forms

Component Taping Orientation for 28-Pin SOIC (Wide) Devices

PIN 1

| User Direction of Feed

O O O O

o

P

Standard Reel Component Orientation
for TR Suffix Device

Carrier Tape, Number of Components Per Reel and Reel Size

Package

Carrier Width (W)

Pitch (P)

Part Per Full Reel

Reel Size

28-Pin SOIC (W)

24 mm

12 mm

1000

13in

Component Taping Orientation for 44-Pin PQFP Devices

’ User Direction of Feed

PIN 1

P

Standard Reel Component Orientation

for TR Suffix Device

Carrier Tape, Number of Components Per Reel and Reel Size

Package

Carrier Width (W)

Pitch (P)

Part Per Full Reel

Reel Size

44-Pin PQFP

24 mm

16 mm

500

13in

NOTE: Drawing does not represent total number of pins.
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7.3 Package Dimensions
28-Pin PDIP (Narrow) PIN 1
LWL L L LN T
288 (7.32)
( 240 (6.10)
Pl Tl T el Tl Tl Tl Tal
Sy
045 (1.14)
.030 (0.76)
310 (7.87)
1.400 (35.56) -290 (7.37)
1.345 (34.16) ﬂ
200 (5.08) AR \
140 356) | || —V oa0q102)
015(0.38) 015 (0.39) ‘ .
150 (3.81 i |l || DR VTN
.115?2.92; 008 (0.20) [
4 ‘« L 4‘« ‘«.400 (10.16)4»‘
110 (2.79) .070 (1.78) .022 (0.56) 310 (7.87)
.090 (2.29) 045 (1.14) .015 (0.38)
Dimensions: inches (mm)
40-Pin PDIP (Wide)
PIN 1
Mmoo [
( 555 (14.10)
530 (13.46)
LTI LT T L LT LT
2.065 (52.45) 610 (15.49)
2.027 (51.49) 590 (14.99)
200 (5.08) \\
1140 (3.56) |
—1 040 (1.02)
YO —-020(0.51) 015 (0.38) ‘ .
150 (3.81
115 22.92; ! 008 (020) ™| il
700 (17.78)
*‘ ‘“ 1 *H“ ‘ 610 (15.50)
110 (2.79) 070 (1.78)  .022 (0.56)
.090 (2.29) 045 (1.14) 015 (0.38)
Dimensions: inches (mm)
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7.3 Package Dimensions (Continued)

28-Pin SOIC (Wide)

/ PIN 1
AONANARARAAAAARA ]
o] |
299 (7.59) 419 (10.65)
1(7.40) .398 (10.10)
i S
713 (18.11)
697 (17.70)
| 103 (2.62) / J/
1 097(246) . _1.013(039)
_ 8 MAX.% =L.013(0.
= - 01230 30) —~ F oo
019 (0.48 012 0.
014 §o.36; 004 (0.10) o 28;218
Dimensions: inches (mm)
44-Pin PQFP .
7 "MAX.
ezl
. ) _ 1 .041(1.03
| AnARARAARA 029089
018 (045) { _=ffo =
012(0.30) T~ =5 == 398 (10.10) -
== == 390 (9.90)
== = 557 (14.15)
.031 (0.80) TYP.ﬁLi == \ 537 (13.65)
EEEEEEREL )
398 (10.10)_ .010 (0.25) TYP.
.390 (9.90) . .083 (2.10)
| ss7(a1s) | N .075 (1.90)
537 (13.65) .096 (2.45) MAX.

Dimensions: inches (mm)
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SALES AND SUPPORT

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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DNV Certification, Inc.
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The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

Q Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizona in July 1999
and Mountain View, California in March 2002.
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analog products. In
addition, Microchip’s quality system for the
design and manufacture of development
systems is 1ISO 9001 certified.
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