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INTEGRATING CONVERTER ANALOG PROCESSORS

FEATURES IMPROVED PERFORMANCE
M Resolution............... Up to 16 Bits + Sign (TC500A) The TC500A is an improved version of the popular
B Differential Analog Input TC500. The improvements allow up to 16 bits of resolution
B Differential Reference (plus sign) or faster conversion times for lower resolution
B Low Linearity EFror.......ccccecvnninsnniinnenns 0.003%  applications.
B Fast Zero-Crossing Comparator.............ccoeuene. 4us
M Low Power Dissipation ............ .1omw GENERAL DESCRIPTION
. ::ctlol-)zr;:o Cycle Eliminates Zero-Scale Error The CMOS TC500/TC500A contain all the analog cir-
B Zoro Integrator Phase Speeds Recovery From cuits needed to construqt an mtegratmg analog-to-digital
. converter. The analog input buffer, integrator, analog
Overrange Input Signals switches, comparator and phase control logic are allon chi
B Automatic internal Polarity Detection +comp P og >N Ghip.
The dual-slope converter uses time to quantize the
B Low Input Current ..........ccccrvciiiienivennans 15 pA Max analo input sianal. A microprocessor and software routine
M Wide Analog Input Voltage ..........ccceccininncnnne 4.2V o ﬁorgm “':e di gnal fun ction op;“countin clocks" for the dual-
B Microprocessor Control of Dual-Slope ADC pl . 9 'gl"h trol
Conversion slope integrating converter process. The user can contro
resolution and conversion speed through software. The
TC500/TC500A analog building block can be used to con-
struct a fast or high-resolution converter by modifying soft-
ware routines.
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A microprocessor controls the TC500/TC500A through
the A and B logic input signals. Four phases are possible:
auto-zero, sighalintegrate, reference integrate (deintegrate),
and integrator zero output.

The TC500/TC500A comparator's output provides po-
larity and integrator zero-crossing information. The com-
parator output is always low when the integrator crosses
zero during the deintegrate phase. This signals the end of a
conversion to the processor.

A precision, dual-slope integrating converter with auto-
matic zero-scale offset voltage and drift correction requires
only a reference, three capacitors, a resistor and a control-
ler. The TC500/TC500A contain the analog circuits needed

to construct a dual-slope integrating converter with an auto-
zero phase. A zero-integrator output phase can be selected
to eliminate errors caused by out-of-range input signals. The
zero-integrator phase greatly improves recovery after an
overrange conversion.

The CMOS TC500/TC500A operate from£5V supplies.
Power dissipation is only 10 mW. Leakage currents at the
differential inputs are a low 10 pA. The TC500/TC500A
differential reference inputs allow easy ratiometric measure-
ments.

Although the TC500A is pin-for-pin compatible with the
TC500, some programming constraints are imposed. (See
"Integrator Output Zero.")

ORDERING INFORMATION
Part No. Package Temperature Range System Resolution
TCS500ACPE 18-Pin Plastic DIP 0°Cto +70°C 16-Bit (30 ppm)
TCS500AIJE 16-Pin CerDIP —25°C to +85°C 16-Bit (30 ppm)
TC500ACOE 16-Pin SO 0°C 10 +70°C 16-Bit (30 ppm)
TC500CPE 16-Pin Plastic DIP 0°C 10 +70°C 4-1/2 Digits (50 ppm)
TC500IJE 16-Pin CerDIP -25°C to +85°C 4-1/2 Digits (50 ppm)
TC500COE 16-Pin SO 0°C t0 +70°C 4-1/2 Digits (50 ppm)
PIN CONFIGURATIONS
CPEAJE COE
——
Cint [1] 16] v§ Sint[4] [16] V&
vs 2] [15] DIGITAL GND vs (2] [15] DIGITAL GND
c
Az [3] - [1a] comp out Caz[3] S [14] comp out
BUF 4 TC500/ sl 8 BUF [4] TC500/ isl8
Lo (5] Tcsooa [i2) A CmLos (5] | Tcsooa [i21A

CRer [6] [11] Vil CReF 1) Vi

CREF E 10] Vin Cier [7] 10] ViN

Vrer [8] 9] VAer Vrer (8] 9] Vier
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ABSOLUTE MAXIMUM RATINGS

Supply (Vs* to Vg7)
Positive Supply Voltage (Vs* to GND) ...

Negative Supply Voltage (Vs~to GND) ..................... —12v
Analog Input Voltage (VIN* or VINT) ceveeviiieene Vg*to Vg~
Logic Input Voltage .................... Vg* +0.3V to GND -0.3V
Package Power Dissipation .............cccocooeececnnnnnn, 0.5W
Ambient Operating Temperature Range
Plastic Package (C) ........ccccoceovenccrinnnn. 0°C to +70°C
CerDIP Package 1) .......cccoocvevviveennne. -25°C to +85°C

TC500

TC500A

Storage Temperature Range.................. —65°C to +150°C
Lead Temperature (Soldering, 60 sec).................. +300°C

Static-sensitive device. Unused devices must be stored in conductive
matenial. Protect devices from static discharge and static fields. Stresses
above thoss listed under "Absolute Maximum Ratings® may cause perma-
nent damage to the device. These are stress ratings only, and functional
operation of the device at thase or any other conditions above those
indicated in the operational sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods may
effect device reliability.

ELECTRICAL CHARACTERISTICS: Ta = +25°C, Vg = 5V, unless otherwise specified. Caz = Crer = 0.1 uF.

TC500 TC500A
Symbol Parameter Test Conditions Min | Typ | Max Min | Typ | Max | Unit
Analog
Resolution Note 1 —_ —_ 50 —_ —_ 30 ppm
ZSE Zero-Scale Error Note 1 — — 0.005 — — 0.003 | %
ENL End Point Linearity Note 1 — 0.005| 0.01 — 0.005| 0.01 Yo
NL Best Case Straight Notes 1 and 2 — — 0.005 — — 0.003 | %
Line Linearity
DNL Differential Nonlinearity — — | 0.0025 — — | 0.0025 | %
TCzs Zero-Scale Over Operating — 1 2 — 1 2 uv/eC
Temperature Temperature Range
Coefficient
SYE Full-Scale Symmetry —_ — 0.01 — — 0.006 | %
Error (Roll-Over Error)
Ratiometric Reading Vin=VRer=1V — — 0.035 — — 0.035 | %
FStc Full-Scale Temperature Over Operating — — 10 — — 10 ppm/°C
Coefficient Temperature Range
External Reference
TC =0 ppm/°C
N Input Current ViN=0V — 6 15 — 6 15 pA
CMRR Common-Mode -1V = Vo<1V — 80 —_ — 80 —_ dB8
Rejection Ratio
VeMR Common-Mode Vg =45V Vs~ +1.5] — |Vg*-15 |Vg +1.5| — |Vg*-15|V
Voltage Range
Integrator Qutput Swing Vg = 15V —_ — +4.1 — — 4.1 |V
Analog Input Signal Range Vg~ +0.8) — |Vg*-0.8 |Vg +0.8)| — |Vs*-08|V
en Noise Vin= 0V — 30 — — 30 — #Vp.p
Digital
Reference Input Signal Vs~ +1 — Vgt -1 Vg~ +1 — | Vg*-1 | V
Range
Vox Comparator Logic 1, lsource = 800 pA 4 — — 4 —_ —_ V'
Output High
VoL Comparator Logic 0, lsing = 4 mA — — 0.4 — — 0.4 \'
QOutput Low
Viy Logic 1, input High Voitage 35 — — 3.5 —_ — \'
Vie Logic 0, input Low Voltage — — 1 — — 1 \
I Logic Input Current Logic 1 or 0 — 0.05 — — 0.05 — HA
tp Comparator Delay — 4 — — 4 — Hs
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TC500A
ELECTRICAL CHARACTERISTICS (Cont.)
TC500 TC500A
Symbol Parameter Test Conditions Min | Typ | Max Min | Typ | Max | Unit
Power
Is Supply Current Vg=45V,A=1,B=1 — 1 1.5 — 1 1.5 mA
P Power Dissipation Vg =5V - | — 15 — — 15 mw
Vs* Positive Supply 4 — 10 4 — 10 \
Operating Voltage Range
Vs~ Negative Supply —Sj — -8 -3 — -8 v
Operating Voltage Range
Vs*-Vg~  Supply Operating 7 — 15 7 — 15 v
Voltage Range e
NOTES: 1. Integrate time =200 ms, auto-zero time =100 ms, ViNT (peak) = 4V,

2. End paint linearity at +1/4, £1/2, +3/4 FS after full-scale adjustment.

OPERATIONAL THEORY

The TC500 and TC500A are dual-slope, integrating
analog processors which are used with a microprocessor to
generate analog-to-digital conversions of up to 16 bits of
resolution. Although the TC500 and TC500A are virtually the
same, the TC500A is recommended for applications requir-
ing more than 14 bits of resolution.

The TC500 and TC500A incorporate a system zero
phase and integrator output voltage zero phase, in addition
to the normal two-phase, dual-slope measurement cycle.
Reduced system errors, fewer calibration steps, and shorter
overrange recovery time result.

The TC500 and TC500A measurement cycle can useall
four phases, if desired.

(1) Auto zero

(2) Analog input signal integration

(3) Reference voltage integration (deintegrate)
(4) Integrator output zero

Internal analog gate status is shown in Table | for each
phase (see the functional diagram).

Table I. Internal Analog Gate Status

Auto-Zero Phase

During this phase, errors due to buffer, integrator and
comparator offset voltages are compensated for by charg-
ing Caz (auto-zero capacitor) with a compensating error
voltage.

The external input signal is disconnected from the
internal circuitry by opening the two SW, switches. The
internal input points connect to analog common. The refer-
ence capacitor charges to the reference voltage potential
through SWg. A feedback loop, closed around the integrator
and comparator, charges the Caz capacitor with a voltage to
compensate for buffer amplifier, integrator and comparator
offset voltages.

Analog Input Signal Integration Phase

The TC500/TC500A integrate the differential voitage
between the (+) and (-} inputs. The differential voltage must
be within the device's common-mode range.

The input signal polarity is normally checked via soft-
ware at the end of this phase.

Internal Analog Gate Status

Conversion Phase sSwW, SWgi* SWpi~ SWz SWgr SW, SWiz
Auto-Zero (A=0, B=1) Closed Closed Closed

Input Signal Integration Closed

(A=1, B=0)

Reference Voltage Closed* Closed
Deintegration (A=1, B=1)

Integrator Output Zero Closed Closed Closed

(A=0, B=0)

*Assumes a positive polarity input signal. SWri~ would be closed for a negative input signal.
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Reference Voltage Deintegration Phase

The previously charged reference capacitor is con-
nected with the proper polarity to ramp the integrator output
back to zero.

Integrator Output Zero Phase

This phase guarantees the integrator output is at 0V
when the system zero phase is entered and that the true
system offset voltages are compensated. This phase is
used at the end of the reference voltage deintegration
(DEINT) phase and SHOULD be usedforall TC500/TC500A
applications. This phase MUST be used for resolutions of
more than 14 bits. If this phase is not used, the value of the
auto-zero capacitor {Caz) must be about 23 the value of the
integration capacitor (Ciyr) to reduce the effects of charge-
sharing. The integrator output zero phase should be pro-
grammed to operate until the output of the comparator
returns "high" (1) or for fixed time of about 2 ms.

ANALOG SECTION
Differential Inputs (V\y* [Pin 11], Vi~ [Pin 10])

The TC500/TC500A operate with differential voltages
within the input amplifier common-mode range. The input
amplifier common-mode range extends from 0.8V below
positive supply to 0.8V above negative supply. Within this
common-mode voltage range, a common-mode rejection is
typically 80 dB. Full accuracy is maintained, however, when
the inputs are no less than 1.5V from either supply.

The integrator output also follows the common-mode
voltage. The integrator output must not be allowed to satu-
rate. A worst-case condition exists, for example, when a
large, positive common-mode voltage with a near full-scale
negative differential input voltage is applied. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common-mode
voltage. For these critical applications, the integrator swing
can be reduced. The integrator output can swing within 0.9V
of either supply without loss of linearity.

Analog Common (Pin 5)

Analog common is used as V| return during system-
zero and reference deintegrate. If Vv~ is different from
analog common, a common-mode voltage exists in the
system. This signal is rejected by the excellent CMRR of the
converter. In most applications, Vi~ will be set at a fixed
known voltage (i.e., power supply common). A common-
mode voltage will exist when Vv~ is not connected to analog
common.

25

Differential Reference
(VRer* [Pin 9], VRer~ [Pin 8])

The reference voltage can be generated anywhere
within 1V of the power supply voltage of the converter. Roli-
over error is caused by the reference capacitor losing or
gaining charge due to stray capacitance on its nodes. The
difference in reference for (+) or (=) input voltages will cause
aroll-overerror. This error can be minimized by usingalarge
reference capacitor in comparison to the stray capacitance.

Phase Control Inputs (A [Pin 12], B [Pin 13])

The A, B unlatched logic inputs select the TC500/
TC500A operating phase. The A, B inputs are normally
driven by a microprocessor /O port or peripheral I/O chip.

Comparator Output

By monitoring the comparator output during the fixed-
signal integrate time, the input signal polarity can be deter-
mined by the microprocessor controlling the conversion.
The comparator output is high for positive signals and fow
for negative signals during the signal-integrate phase.

Duringthe reference deintegrate phase, the comparator
output will make a high-to-low transition as the integrator
output ramp crosses zero. Thetransitionis usedto signalthe
processor that the conversion is complete.

The internal comparator delay is 4 s, typically.

Figure 1 shows the comparator output for large positive
and negative signal inputs. For signal inputs at or near zero
volts, however, the integrator swing is nonexistent. If com-
mon-mode noise is present, the comparator can switch
several times during the signal-integrate period. To ensure
that the polarity reading is correct, the comparator output
should be read and stored at the end of signal integrate.

A “low” (0) on the TC500/TC500A comparator, during
the deintegrate phase, signals the processor that the con-
version is complete.

The comparator output is undefined during the auto-
zero and the integrator output zero phases.

GENERAL THEORY OF OPERATION
Dual-Slope Conversion Principles

The TC500 is an integrating analog-to-digital converter
building block. An understanding of the dual-slope conver-
sion technique will aid in following the detailed TC500A
operation theory.

The conventional dual-slope converter measurement
cycle has two distinct phases:

(1) Input signal integration
(2) Reference voltage integration (deintegration)
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SIGNAL REFERENCE SIGNAL REFERENCE
INTEGRATE ‘ «— DEINTEGRATE INTEGRATE DEINTEGRATE
INTEGRATOR

OUTPUT ;\ |
ZERO ‘
CROSSING |
INTEGRATOR ‘
OUTPUT |
\

COMPARATOR l I
OUTPUT

A. Positive Input Signal

\ ZERO
CROSSING
COMPARATOR | |
ouTI

PUT
B. Negative Input Signal

Figure 1. Comparator Output

The input signal being converted is integrated for a fixed
time period, measured by counting clock pulses. An oppo-
site polarity constant reference voltage is then integrated
until the integrator output voltage returns to zero. The
TC500/TC500A automatically switch in the proper polarity
reference signal. The reference integration time is directly
proportional to the input signal (Figure 2).

Ina simple dual-slope converter, acomplete conversion
requires the integrator output to “ramp-up” and “ramp-
down.” The TC500/TC500A comparator zero-crossing sig-
nals the processor to indicate the deintegrate cycle is
complete.

A simple mathematical equation relates the input signal,
reference voltage and integration time:

J~1|NT
[¢]
where:

Vaee = Reference voltage
tint = Signal integration time (fixed)
tpenT = reference voltage integration time (variable)

1

VREF tDEINT
Rint CinT

Vin ) dt=
w0 Rint CiNT

C F NN
IIN=T D
Ay | INTEGRATOR TC500/TC500A
ANALOG v
iNpUT © _o'/_'v\/\’_‘ o /o INT [N COMPARATOR
|
|
|
|
2 |
REF SWITCH DRIVER [ -oNTROL | CONTROL
VOLTAGE | _ POLARITY LOGIC
CONTROL
4 A
Al B COMP OUT
0.8V MIN 4
S, VSuppLY 1o
a2 - } ViNt MICROCOMPUTER
ZE VIN ~ VFULL SCALE
w3 | ViN ~ V2 VEyLL scaLE TIMER
1
Z | ROM | 1COUNTER
TNt ToeEINT

Figure 2. Basic Dual-

Slope Converter
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For a constant ViN:

toEINT
tiNT

ViN = VRer

The dual-slope converter accuracy is unrelated to the
integrating resistor and capacitor values as long as they are
stable during a measurement cycle.

An inherent benefit is noise immunity. Input noise
spikes are integrated or averagedto zero during the integra-
tion periods. Integrating ADCs are immune to the large
conversion errors that plague succesive approximation con-
verters in high-noise environments.

Integrating converters provide noise rejection auto-
matically with at least a 20-dB/decade attenuation rate.
Interference signals with frequencies at integral multiples of
the integration period are, theoretically, completely removed.
This intuitively makes sense, since the average value of a
sine wave of frequency (1) averaged over a period (1) is
zero.

Integrating converters often establish the integration
period to reject 50/60 Hz line frequency interference signals.
The ability to reject such signals is shown by a normal mode
rejection plot (Figure 3). Normal mode rejection is practically
set to 50 o 65 dB, since the line frequency can deviate by a
few tenths of a percent (Figure 4).

Criteria for Caz and Cprer

2N it (ViNT + VREF) lLEAKAGE
VINT VREF

Caz = Cper =

where:
N = resolution (bits)
ILEAKAGE = 15 PA
VNT (see Figure 2)

This equation is for reference only. Use 0.1 uF capacitor
for all applications that have 8 or more conversions per
second. Use a 0.22 pF capacitor for 3 to 7 conversions per
second, and a 0.47 pF capacitor for 2 or less conversions
per second.

COMPONENT VALUE SELECTION
Integrating Resistor (RiyT)

The desired full-scale input voltage and output current
capability of the input buffer and integrator amplifier set the
integration resistor value. The internal class A output stage
amplifiers will supply a 20-pA drive current with minimat
linearity error. RNt is easily calculated for a 20-pA full-scale
current:

Full-Scale Input Voltage (V)
20

Rint (MQ) = +20%

For loop stability, Rint should be =50 kQ.

Reference Capacitor (Cper)

A 0.1-uF capacitor is suggested. Larger values may be
used to limit roll-over errors. Low leakage capacitors (such
as polypropylene) are required.

Auto-Zero Capacitor (Caz)
A 0.1-uF polypropylene capacitor is suggested.

80
S Lol ]
z ™~
..9_ \\\ t=0.1sec
O 60 S i
w
=
&
& 50 N
] ™
o ™N
= 40 L
a NORMAL SINGOmt(1x %gl’)
3 MODE =20L0G d‘ns :
I 30 | REJECTION 60t (1 1#’) L
S | DEv=DEVIATION FROM 60 Hz ’
t = INTEGRATION PERIOD
20 L L L 1) i L 1 Ll
0.01 0.1 1.0
LINE FREQUENCY DEVIATION FROM 60 Hz (%}

30
2 T = MEASUREMENT
= PERIOD
=z
]
& 20
uw ‘ , |4
e M
w 4
@ e
8 ¥
o 4
g 10
I A
z /)
=]
zZ 0
o.T T 1T
INPUT FREQUENCY

Figure 3. Normal Mode Rejection vs
Input Frequency
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Integrating Capacitor (Cin7)

The integrating capacitor should be selected to maxi-
mize integrator output swing. The integrator output will
swing to within 0.8V of Vg* or Vs~ without saturating.

Using the suggested 20-pA full-scale buffer output cur-
rent, the integrating capacitor is easily calculated:

(tinT) (VEs)

Cinr =
N (VinT) (RinT)

=5 tinT (uF)
where:

tiNT = Integration period

Vs = Full-scale input voltage

VinT = Integrator output voltage swing

A very important integrating capacitor characteristic is
dielectric absorption. Polypropylene capacitors give
undetectable errors at reasonable cost. Polyester and poly-
carbonate capacitors may also be used in less critical
applications.

The threshold noise (Nty) is the algebraic sum of the
integrator noise and the comparator noise. This value is
typically about 30 uV. The graph shows how the value of the
reference voltage can influence the results of the final count.

Errors caused by the low-frequency buffer noise may be
reduced by increased integration times.

NOISE

Signal-to-Noise Ratio

ViN tNT
S/N (dB) =20 Lo .
(dB) 9 (30 uV  RinT*Cint
The maximum performance of the TC500/TC500A re-
quire that overshoot at the end of the deintegration phase be
minimized. Also, the integrator zero phase may be termi-
nated as soon as the comparator output returns to "high" (1).

OVERSHOOT
INTEGRATOR
OUTPUT ZERO
(PIN 1) CROSSING
OVERSHOOT
COMPARATOR
OUTPUT (PIN 14)
DEINTEGRATE PHASE —» |¢—
INTEGRATE INTEGRATOR
PHASE ZERO PHASE

Lowgee

v
SLOPE (8) = g—1EF

Normal gee

Nyy = Noise Threshold
R|N'T CINT ™

-\

High per
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TC500A DESIGN EXAMPLE (See “Component Selection Example”)

TIMING CONDITIONS: A) AZ PLUS Z.. ...10,000 CLOCK PERIODS (40 ms)
0,000 CLOCK PERIODS (40 ms)
Vi (V) 10,000 CLOCK PERIODS (14 bits)
Ot 16
ot Vs [—O sV +$v TYPICAL WAVEFORMS
<svo¥]vs anp 3 | |
Caz 3 comp |14 PIN1=— |
—qcaz ouT »| SEQUENCER , |
4 N\ 13 AND YIN | n
BUF tcsooa O[T CONTROL
RiNT 12 LOGIC I
5] ANALOG Als PIN 14 |
COoM | | |
V s Vi | 11 o
CREF‘L_ CREF Vir o % Y, |
T_7 inj10 1 /)
133 PIN I\
] + |2 “VIN : i
VREF O— VRer Vaer |7 Vrer N | I |
CinT | O-10F PIN 14 T I
RiNT | 250 ka2 | |
CAZ 0.1 yF
CREF 0.1 |JF
TCS500A TO IBM PC/XT PRINTER PORT
+SV O
10 yF
+
a 2
3 c* ¢ 8
GND TC7660 V*
g Vout
-5V ls
6 |z 10kQ
vi Vi Cher
Crer P
VAer n
IBM _ls TCO4
PCIXT AN Veer
12
2 o] A TCS00A guF
PORT 13
o378 { e Caz
HEX 10
- 14 come Cinr
Vin
Vin
ANALOG
GND COMMON v
15] .
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Interrupt Operation

The comparator output stays low during the Integration
phase (A=1, B=0) whenever the input polarity is negative. In
those cases where the input polarity is negative AND very
near zero, the zero-crossing occurs before the comparator
has had a chance to go positive. Thus, no negative-edge will
be generated and the microprocessor will not be interrupted.

With a negative input voltage very near zero, the output
of the comparator does not have enough time to get full
positive. This anomaly is caused by the comparator delay
and rise time limitations.

One solution to overcome this condition is to have the
microprocessor monitor the comparator output. It can then
end the deintegration phase as soon as it sees a zero.

Another solution is to have the microprocessor enable
the interrupt and look at the comparator output. If the output
is high, the interrupt will be properly triggered. If the output
is low, end the deintegration phase and disable the interrupt.

Either solution will produce reliable low voltage conver-
sions.

ZERO
INTEGRATION WAVEFORM CROSSING
- INTEGRATION TIME > D DEINTEGRATION TIME
—#| |<«—— COMPARATOR DELAY
P
: :4— IDEAL
COMPARATOR OUTPUT —>= :
1 ACTUAL
1

Rate of Conversion

The conversion times for the TC500/TC500A are a
function of many variables and constants. The dominate
component is CinT:

Conversion Time (sec) =
0.4x CiNT (UF) X (2 + (VIN/VREF))
The assumptions for this equation are suggested but not
strictly required. They are:

Auto-zero time (Taz) = Integration time (TnT)
Peak integration voltage (VinT) = 4V
Maximum buffer current (VingaxyRiNT) = 20 pA

Component Selection Example

Known: 1) Supply voltage for TC500A (Vsup)
2) Maximum input voltage (VINMAX)
3) Integration time (TinT)
4} Output resolution (bits}) (N)
5) Clock period (tcLock)
Assume: Vgyp = 5V Vsup = [Vsypl
Vingmax) = £2.5V Vinemaxy = IVingvaxyl
TinT =40 ms
N = 14 bits
tcLock = 4 ps
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Step 1: Calculate Ry Rint = /IN(MAX).
IBUF(MAX)
Where Igurmax) = 20 HA
2.5V
= = 125K
Rint 20 1A
Use 130K
. _ 25V _
- lBuF = 130K = 19.2 A
Step 2: Calculate Cint CinT = w
INT

Where ViNT = Vsyp — 1V = 4V
Cunr= 30ms 192 A _ 5490 4F
INT v m

Use 0.2 uF
V,.C. R
Step 3: Calculate Vgee VRer = _INT_TINT _ INT
TDEINT
Where Tpeint = 2N tepock
4V « 0.2 uF « 130K
Vigr = = 1.587..V
2% toLock
. T
Step 4: Calculate integrate count KinT = _LINT
tcLock
40 ms
Where RinT s C 10,000 Counts
Results: KDEINT = V]N Kint = w
) VRer 1587.V

Number of clock periods
during Tpeint

Where KpeinT

Normalization

The reference voltage can be adjusted to scale the
deintegrate count to be directly equivalent to the input
voltage.

Since: M_ = Counts/Volt
VRerF
If: VRer is adjusted such that
Vrer = 10000 Counts _ _ Kint -
10000 Counts/Voit 10000 Counts/Volt
Then:  Kpewt = —2N _ and N = 14.61 Bits
100 uv
e.g., if Kpeint = 18357 Counts,

then V)y = 1.8357V

BONDING DIAGRAM
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