TELEDYNE COMPONENTS

“WTELEDYNE

COMPONENTS

JbE D WE 8917kL02 0007kbb 9 EETSC

T-51-10-60

TC800

15-BIT PLUS SIGN, INTEGRATING

ANALOG-TO-DIGITAL CONVERTER

FEATURES
B 15-Bit Resolution Plus Sign Bit M Easy Conversion Cycle Monitoring and Control
B Dynamic Range ....96 dB — Data Valid Output Signal
M Integrating Dual-Slope Converter — Continuous or Convert-on-Command Operation
— Monotonic B High-Impedance Differential input
— Eliminates 50/60 Hz ‘Line’ Interference — Maximum Input Current..........cineemeerenrnssns 15 pA
— High-Noise Immunity B Low Input Noise 15 uVp.p
— Auto-Zero Cycle Eliminates Trimming B On-Chip Crystal Osclllator for 2.5 Conversions/Sec
— Incorporates Integrator Zero Cycle for Fast —fxTaL = 2.4576 MHz
Overload Recovery — Integration Period (Rejects 50, 60, 400 Hz
W . Three-State Data Bit/Sign Outputs Interference Signals) ............vvecennanisnnnrens 100 ms
— 8-Bit or 16-Bit Parallel Data Transfer B Supply Operation 5V
to pProcessor Bus — Low Power Dissipation .......c.ccvwvmvenneenene 20 mW
B UART Control Signals H Static-Discharge Protected Inputs
— Serial Data Transmission W Available in 60-Pin Flat Package
— ‘Handshake’ Data Transfer
— Distributed Control Systems
— Fiber-Optic Transmission Systems
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15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER
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potential at these pins is approximately V+. Extemal connections
should not be made.
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TELEDYNE COMPONENTS

15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER

JbE D EE 8917k02 0007168 ¢ EETSC

GENERAL DESCRIPTION

The TCBOO is a 15-bit plus sign, integrating analog-to-
digital converter (ADC). It improves conventional two-cycle,
dual-slope conversion by incorporating system zero and
integrator output zero phases. Offset error sources are
automatically zeroed and overrange recovery time is re-
duced. The integrating conversion technigue is immune to
noise spikes that introduce conversion errors in successive
approximation converters.

The externally-adjustable clock allows integration peri-
ods which are integral multiples of 50 Hz or 60 Hz, for
maximurm power-line noise rejection. Using the 2.4576 MHz
crystal oscillator mode (2.5 conversions/sec), 50 Hz, 60 Hz,
and 400 Hz signals are rejected.

Microprocessor interface signals support 1-byte (16-bit)
or 2-byte (8-bit) parallel data transfers. A ‘handshake’ oper-
ating mode supports serial data transmission viaa UART. A
serial-count output is derived by gating the clock signal with
data valid (DVD). The count output pulses may be used in
serial fiber-optic transmission systems.

The high-impedance differential inputs, 5 pA input leak-
age current, 16-bit dynamic range, and interface control
signals make the high-resolution TC800 the ideal analog-to-
digital converter for process control, data logging and ‘intel-
ligent’ measurement systems.

See TC850 data sheet for applications requiring fast
conversion rates.
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T-51-10-90
TC800
ORDERING INFORMATION
Temperature
Part No. Package Range
TC800CPL 40-Pin Plastic DIP 0°C to +70°C
TC800IJL 40-Pin CerDIP —25°C to +85°C
TC800MJL 40-Pin CerDIP -55°C to +125°C
TC800CLW 44-Pin Plastic 0°C to +70°C
Leaded Chip Carrier
TC800CBQ 60-Pin Plastic Flat 0°C to +70°C
: (Formed Leads)




36E D W 8917602 000719 4 EMTSC
T-51-10-90

15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER

TELEDYNE COMPONENTS

TC800

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (Vs* to GND) ..................... CerDIP (L) ..o, —25°C to +85°C
Negative Supply Voltage (Vs™to GND})... (MJL) ..o -55°C to +125°C
Analog Input Voltage (ViN* or ViN) Storage Temperature Range................... —65°C to +150°C

Voltage Reference Input (VREF) ...oecovevevecennne.. Vs*to Vs~  Lead Temperature (Soldering, 60 seC)................. +300°C
. +

Logic Input Voltagg R Vs +0.3V to GND -0.3v Static-sensitive device. Unused devices must be storad in conductive

Package Power Dissipation material. Protect devices from static discharge and static fields. Stresses
CerDIP ... 1W @ +85°C  above those listed under Absolute Maximum Ratings may cause

Plastic Packages...........cccccoovvvvinnenn. 0.5W @ +70°C permanent damage to the device. These are stress ratings only and

Ambient Operating Temperature Range
Piastic DIP (CPL, CBQ) ..0°C to +70°C
PLCC (CLW) .ot 0°C to +70°C

functional operation of the device at these 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 affect device reliability.

ELECTRICAL CHARACTERISTICS: Vs =5V, Conversion Rate = 2.5 Conversion/sec,
Crystal Frequency = 2.4576 MHz, Ta = +25°C, Full-Scale Voltage = 3.2768V (Notes 1 and 3).

Symbol Parameter Test Conditions | Min ‘ Typ ] Max l Unit
Analog Input
Zero-Scale Error Vi =0V —_ — 0.5 [ LSB
NL Nonlinearity Best Straight Line . ) — 1.3 2 LSB
— Full Scale < V|y < +Full Scale
End Point — 2.8 — LSB
— Full Scale< V|y < +Full Scale
DNL Differential Nonlinearity — — +0.5 | LSB
N Input Current ViN= 0V, Ta = +25°C — 5 15 pA
0°C < TpA £+70°C — 25 125 | pA
—25°C £ TA < +85°C — 70 | 175 | pA
-55°C < Ta < +125°C —_ 25 7.5 nA
Vemr Common-Mode Input Range Over Operating Temperature Range Ve +15 | — |Vs*-1 |V
CMRR Common-Mode ViN=0V, Vom = +1V —_ 80 — wwnv
Rejection Ratio
Full-Scale Gain External Ref Temperature —_ 1.5 5 ppm/°C
Temperature Coefficient Coeficient = 0 ppmv°C
0°C s T £+70°C
Zero-Scale Error Vin= 0V —_ 0.8 2 pv/eC
- Temperature Coefficient 0°C < Tpo £+70°C
Full-Scale Magnitude ViN=3.27V - _ 2 LSB
Symmetry Error
eN Input Noise Not Exceeded 95% of Time — 15 — WVp.p
Digital
Conversion Speed — 25 — Conv/sec
Vor Output High Voitage lo=100 pA 35 4.4 —_ v
VoL Output Low Voltage lo= 1.6 mA (Note 2) —_ 0.18 0.4 \
lop Output Leakage Current High-Impedance State — 01 1 pA
lcp Control Pin Pull-Up Current Pins 18, 19, 20; Ig = 750 uA — 5 —_ pA
Pin 21 =0V, Vo=2V
Vin Input High Voltage Pins 18-21, 26, 27 25 — — A
ViL Input Low Voltage Pins 18-21, 26, 27 — - 1 \
2-16
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TELEDYNE COMPONENTS <3E:E P W 3917602 0007170 0O EMTSC

15-BIT PLUS SIGN, INTEGRATING T-51-10-9
ANALOG-TO-DIGITAL CONVERTER =90
TC800
ELECTRICAL CHARACTERISTICS (Cont.)
Symbol Parameter Test Conditions I Min | Typ | Max | Unit
Digital (Cont.) i
lip Input Pin Pull-Up Current Pins 26, 27; V = 2V —_ 5 —_ uA
Pins 17,24; V=2V — 25 — pA
o Input Pin Pull-Down Current Pin 21, V=3V — 5 — pA
losct Oscillator Output Current Vo =25V . — 1 — mA
lsurosc Buffered Oscillator Vo= 25V — 5 — mA
Output Current
CiN Input Capacitance Pins 18, 19 — — 50 pF
tw BUS/HAND Control Pin Pin 21 70 — 1 = |ns
Minimum Pulse Width
tWBE Byte-Enable Pulse Width Note 1 350 200 — ns
twee Chip-Enable Pulse Width Note 1 400 250 —_ ns
tase Byte-Enable Access Time Note 1 - 200 | 350 | ns
tacE Chip-Enable Access Time Note 1 — 250 400 | ns
tDHE Data Hold From Note 1 — 140 300 | ns
Byte-Enable Change
toHc Data Hold From Note 1 — 240 400 ns
Chip-Enable Change
Power
Is* Positive Supply Current —_ 2 35 mA
s~ Negative Supply Current ) — 2 35 mA
NOTES: 1. Pamlel data transfer (ﬁ/HAND = 0). See Figures 8 and 9. 3. Crystal source (2.4576 MHz): DIGI-KEY Comp., Highway
2. Forpins 18-20, lo = 750 pA, 32 South, P.O. Box 677, Thief River Falls,
MN 56701-9988, Phone 1-800-344-4538, Part No. X047,
PIN DESCRIPTION
PinNo. = PinNo.
(40-Pin)  (60-Pin) Symbol Description (Pin designations refer to 40-Pin DIP)
1 9 SGN Sign Bit: 1 = positive input. The input signal polarity is determined at the end of the
signal-integrate phase.
2 10 DBys Data Bit 15 (MSB)
3 - " DB14 Data Bit 14
4 12 DBiy3 Data Bit 13
5 13 DBy» Data Bit 12
[ 18 DByy Data Bit 11
7 19 DBso Data Bit 10
8 20 DBy Data Bit 9
9 21 DBg Data Bit 8 "} Three-State Output Data Bits
10 22 DBy Data Bit 7
11 24 DBs Data Bit 6
12 25 DBs Data Bit 5
13 26 DB, Data Bit 4
14 27 DB; Data Bit 3 B
15 28 DB, Data Bit 2 NOTE: DB,ys-DB; are at logic ‘1’ for an
16 33 DB Data Bit 1 (LSB) overrange conversion.
2-17
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" TELEDYNE COMPONENTS 3bE D WE 8917L02 0007171 2 EETSC
T-51-10-90
15-BIT PLUS SIGN, INTEGRATING

ANALOG-TO-DIGITAL CONVERTER
~ TC800
PIN DESCRIPTION (Cont.)
PinNo.  PinNo. '

{40-Pin) (60-Pin) Symbol Description (Pin designations refer to 40-Pin DIP)
17 34 TEST Test = 0V; Data outputs forced to logic ‘1’ and clock is disabled.
Test = V*; Counter laiches enabled.
18 a5 LBEN/LBFLG  Alow data byte enable input orlag output, depending on BUS/ HAND (pin 21) status.

(Input/Output) (1) BUS/HAND = 0: With pin 21 low and CE/ LDSTRB = 0 (pin 20), data bits 8
’ through 1 (pins 9—16) are output when LBEN = 0.
(2) BUS/HAND = 1: Valid data on pins 9-16 is indicated by flag output, LBFLG = 0.

19 36 HBEN/HBFLG  Ahigh data byte enable input or flag output, depending on BUS/ HAND (pin 21) status.
(Input/Output) (1) BUS/HAND = 0: With pin 21 low and CE/ LDSTRB = 0 (pin 20), the high data
byte (sign bit plus data bits 15-9) are output when HBEN = 0.
(2) BUS/HAND = 1: Valid data on pins 1-8 s indicated by flag output, HBLFG = 0.

20 37 CE/LDSTRB (1 BUS/ HAND = 0: CE is master chip enable, With CE=1, sign bit plus data bits
(Input/Output) 15~1 are disabled (high-impedance state). CE = 0 enables outputs and data is
transferred under control of LBEN and HBEN.

CE 1BEN HBEN Function

o 0 1 Low Data Byte Output
0 1 0 High Data Byte Output
0 0 0 Low + High Data Byte Output
0 1 1 High-lmpedance State

(2) BUS/HAND = 1: LDSTRB s a load strobe output sign. In the handshake mode,
} LDSTRB = 0 instructs the receiving device to accept data.
21 39 BUS/HAND (1) BUS= 0: Parallel output data mode, where CE, HBEN, and LBEN dirsctly
control the 16 data bits.
(2) HAND = 1: LDSTRB, LBFLG, HBFLG are used in the handshake data transfer
mode.
(3) HAND = _T" L_ (pulsed high): Causes entry into handshake rriode for UART
interfacing.
22 40 0SCy Oscillator input,
23 41 0S8¢C4 Oscillator output. .
24 42 OSC CON Selacts internal oscillator structure.
(1) OSC CON = 1: RC oscillator. Internal clock frequency is same frequency and
duty cycle as BUF OSC. :
(2) OSC CON = 0: Crystal oscillator. Internal clock frequency is frequency at BUF
0OSC 415.
25 43 BUF OSC Buffered oscillator output

26 48 CONVERT/STOP CONVERT = 1: Conversions performed continuously.
STOP = 0: Conversion process stops 7 counts before entering signal-integrate
phase. The conversion in progress when STOP = 0 is completed.

27 49 DRQST . Datarequest signal. Used in handshake mode to indicate an external device is ready
! to accept data. If DRQST is not used, connect to Vs*. ' ‘
28 50 Vs~ Negative power supply.
29 51 VRer Voltage reference input.
30 52 COM Analog common. The TC800 is auto-zeroed to the analog common potential,
31 54 VINT Integrator output.
32 55 Csz System-zero capacitor.
33 56 ] VBUE " Output of input signal buffer.
34 57 Cr~ * Negative Reference capacitor.
2-18
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TELEDYNE COMPONENTS 36E P WM 4917602 0007172 4 EMTSC

15-BIT PLUS SIGN, INTEGRATING T-51-10-90
ANALOG-TO-DIGITAL CONVERTER
TC800
PIN DESCRIPTION (Cont.)
Pin No. Pin No.
(40-Pin)  (60-Pin) Symbol Description (Pin designations refer to 40-Pin DIP)
35 ‘ 59 Cr* Positive Reference capacitor.
36 1 ViN~ Negative differential analog input.
37 3 ViN* Positive differential analog input.
38 5 Vs* Positive power supply
39 6 GND Digita! ground. Ground return point for digital logic.
40 7 DVC Data valid signal. DVC = 1 during signal-integrate and reference-integrate phases
until data is latched.
DVEL = 0 when in auto-zero phase; data does not change.
GENERAL THEORY OF OPERATION The input signal being converted is integrated for a fixed

. s time period, measured by counting clock pulses. An oppo-
Dual-Slope Conversion Principles site polarity, constant reference voltage is then integrated

The TC800 is a dual-slope, integrating ADC. Anunder-  until the integrator output voltage retums to zero. The
standing of the dual-slope conversion technique will aid in  reference integrationtime is directly proportionalto the input

following the detailed operation theory. signal.
The conventional dual-slope converter measurement Ina stmple dual-slope converter (Figure 1) a complete
cycle has two distinct phases: conversion requires the integrator output to ‘ramp-up’ and
(1) Input signal integration ‘ramp-down.
A . . . The dual-slope converter accuracy is unrelated to the
(2) Reference voltage integration (deintegration). integrating resistor and capacitor values, as long asthey are

stable during a measurement cycle. Noise immunity is an

ANALOG Jcl inherent ber)efit.. Noise epikes are integrated., or averaged,
U INPUT INTEG'RIATOR to zero during integration periods. Integrating ADCs are

SIGNAL R COMPARATOR immune to t.he Ierge conversion errors thet plagge succes-
o0—o sive approximation converters in high-noise environments.

- Asimple mathematical equation relatedthe input signal,
reference voltage and integration time:

]
1| v ) dt = YeiR
RC.[, w (1) T

CLOﬁI
CONTROL

LOGIC where: Vg = Reference voltage
__ POLARITY CONTROL ts; = Signal integration time
tr1 = Reference voltage integration time (variable)

- L) For a constant Vyy:
MICRO- - COUNTER
PROCESSOR Vin=Vn [E.}
ts

|
Vin = VFULL SCALE

REF
VOLTAGE

v

3

>

INTEGRATOR
OuUTPUT

Vin =2 VFuLL ScALE ANALOG SECTION DESCRIPTION
FIXED VARIABLE System-Zero Phase
,Nrgﬂﬁ'}% %E?::T%E During system-zero phase.(Figure 2), errors due to
TIME TIME buffer, integrator, and comparator offset voltages are com-

pensated for by charging system-zero capacitor (Csz) with
a compensating error voltage. With zero input voltage, the
integrator output remains at zero.

Figure 1  Basic Dual-Slope Converter

2-19
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TC800

36E D EH 8917602 0007173 b EATSC

T-51-10-90

15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER

ANALOG
sW; INPUT BUFFER

() SWITCH OPEN
@ SWITCH CLOSED

Figure2 System-Zero Phase

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

Input Signal-Integration Phase

The TC800 integrates differential voltage between the
(+)and (~) inputs (Figure 3). The differential voltage must be
within the: device common-mode range; 1V from either
supply rait, typically. The input signal is integrated for 16,384
clock cycles.

The input signal polarity is determined at the end of the
phase. : .

ANALOG
sw, INPUT BUFFER

‘INO'.

") switcH oPEN
@ SWITCH CLOSED

sw,

=N O'.

Figure3 Input Signal Integration Phase

1821 D10

Reference Voltage Integration Phase

The previously-charged reference capacitor is con-
nected with the proper polarity to ramp the integrator output
back to zero. The time for the output te return to zero is
proportional to the input signal magnitude. The phase lasts
for a maximum of 32,768 clock periods. (See Figure 4.)

ANALOG
INPUT BUFFER

COMPARATOR
+

TO
DIGITAL
SECTION

O swiTcH open
@ SWITCH CLOSED

*NOTE: SWp) would be closed for a negative
polarity analog input signal.

Figure 4 Reference Voltage Integration Phase

Integrator Output Zero Phase

This phase guarantees ihe integrator output is at OV
whenthe system-zero phase is entered and that true system
offset voltages are compensated for. This phase normally
lasts 4096 clock cycles. (See Figure 5.)

ANALOG
SW INPUT BUFFER

O swircH oPEN
@ SWITCH CLOSED

Figure§ Integrator Output Zero Phase
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T-51-10-90

15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER

TC800

Differential Inputs
Vin* (Pin 37) and Vin~ (Pin 36)

The TC800 operates with differential voltages within the
input amplifier common-mode range, extending from 1V
below Viv* to 1V above Viy~. Within this:common-mode
voltage range, an 86 dB common-mode rejection ratio is
typical.

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 by the positive common-mode volt-
age. For these critical applications, the integrator output
swing can be reduced to within 0.4V of either supply without
loss of linearity. ‘

Analog Common

Analog common (COM, pin 30) is used asthe VN~ return
during system-zero and reference-integrate phases. If Vin~
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, VN~ will be set
at a fixed, known voltage (power supply common, for in-
stance). In this application, analog common should be tied
tothe same point, thus removing the common-mode voltage
from the converter. The reference voltage is referenced to
analog common. ’

DIGITAL SECTION DESCRIPTION

Digital Control Signals -
BUS /HAND

The BUS / HAND input (pin 21) selects parallel bus data
transfer mode or handshake transfer mode. An internal

Table | (Pin designations refer to 40-Pin DIP)

pull-down resistor guaranteesparallel mode operationwhen
the input pin is open. The handshake mode allows serial
data transmission witha UART. In parallel mode, the TC800
outputs data under control of the HBEN (pin 19), LBEN (pin
18), and CE (pin 20) signals. In the handshake mode, the
TC800 output signals communicate with peripheral devices
to control data transmission.

For BUS = 0, HBEN, LBEN, and CE input signals con-
trol data transmission. Figures 8 and 9 show typical timing
relationships and operation. The HBEN, LBEN, and CE
signals are asynchronous 1o the internal conversion clock.
Output data is immediately accessed. To avoid accessing
data as updates are occurring, the data valid (DVD, pin 40)’
signal can be used as an enable signal. Data will not change
if DVD = 0.

In handshake mode two data transfer methods are
possible. If HAND'is pulsed high (HAND = _I" L_)fora
minimum of 70 ns, the TC800 enters the handshake mode.
if HAND = 1 continuously, the paralle! mode is not re-
entered, and a handshake data transfer will occur at the end
of each conversion cycle.

The BUS/HAND input configures dual-purpose pins
18, 19, and 20 as inputs or outputs. In conjunction with the
data request input signal, handshake data transfer is con-
trolled by output signals LBFLG HBFLG, and LDSTRB.
(See Table |.)

Data Request Input

The data request (DRQST, pin 27) input is used only in
the handshake data transfer mode. DRQST =1 indicates an
external receiving device is ready to accept data from the
TC800. It serves as a send data command. When
BUS/ HAND = 0, DRQST should be tied to Vs*.

Pin Description

LBEN/LBFLG

Operating Mode (Pin 18)

' CE/LDSTRB
(Pin 20)

HBEN /HBFLG
(Pin 19)

LBEN: Low data byte
enable input. Logic ‘0’
activates low-order
data (DBg—DBy) if
CE=0.

Bus Transfer Mode
BUS/HAND =0

HBEN: High data byte
enable input. Logic ‘0’
activates the high order

* data (SGN, DB4s—DBg)

if CE=0.

CE: Master output enable
input. When CE = 1 outputs
SGN, DBq5-DB1 are
disabled and in a high-
impedance state

LBFLC: Low data byte
flag output. Indicates
output data is DBg—DB4.

Handshake Transfer Mode

BUS/HAND =10or _ [

HBFLG: High data byte
flag output. Indicates

output data is DB4s—DBo.

LDSTRB: Load strobe

-output signal. A logic ‘0’

or falling edge indicates
valid data is present at
the output.

221
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CONV / STOP Input

The CONV / STOP input (pin 26) is pulled high through
an internal pull-up resistor. If CONV / STOP = 1, or is left
open, the TC800 contmuously performs conversions. Each
measurement cycle is 65,536 counts long. The measure-
ment cycle time for one conversion is:

Time Cénversmn (ms) =-65536 .
7 fow (kHz)
where fo k= Intemal clock frequency. .

If CONV / STOP = 0 during reference-integrate phase
and after zero-crossing has been detected, the integrator-
zero phase is immediately entered and completed. This
eliminates the time spent in the reference-integrate phase
after the output data latches are updated.

-:{f CONV / STOP remains low, the TC800 will wait in the
system-zero phase. The signal-integrate phase begins 7
clock. counts after a CONV = 1 ‘signal is detected. The
CONV / STOP signal is detected synchronously with the

internal clock. The system-zero phase should last a_mini--

mum of 70 ms. (See Figures 6 and 7 for CONV/STOP
conversion-timing diagrams.)

If CONV / STOP goes low and remains low during the
system-zero phase, the TC800 will stop at the end of the
phase and wait for CONV = 1. The signal-integrate phase
will start 7 clock counts after CONV = 1 is detected.

TEST Input

When TEST (pin 17) = 1, the counter data latches are
enabled. When TEST =0, the counter outputs are forced to
a logic ‘1’ state and the internal clock is disabled. When
TEST is retumed to logic ‘1’ and one clock pulse is applled
all counter outputs are clocked low:

Data Valid

Data valid (DVD, pin 40) = 1 at the start of S|gnal
|ntegrate and DVD = 0 one-half clock period after new data
is stored in the data latches. Since DVD is always low when’
data is not changing, the signal may be used as a ‘Data Valid
Flag.' (See Figures 6 and 7 for timing relationships.)

DATA OUTPUT DESCRIPTION
Parallel Mode Data Interface

With BUS/ / HAND = 0, the sign and data bits are con-
trolled by the CE, LBEN, and HBEN inputs. All three have
internal pull-up resistors. Inactive data bits are in a high-
impedance state.

‘The HBEN signal controls the most sngnlflcant data
bytes (SGN, DB1s—DBg). LBEN controls the least sngnlflcant
data bytes (DBg-DB;).

1823

SIGNAL [
' INTEGRATE NTE RO g SYSTEM ZERO PHASE _
SYSTEM ZERO | PHASE (SI) REFERENCE PHASE 7 COUNTS SIGNAL
<t PHASE —»- 14—/t INTEGRATE —i«t—(Z)) >lt— I »«— INTEGRATE
(s2) ~ PHASE(RI) HoLD" |  PHASE
SIGN BIT -
.. DETERMINED ' CONV/
INTEGRATOR N STOP
OUTPUT / =0
[ —T - TRUB SR &t et
ZERO .
CROSSING | SROSSING
INTERNAL
CLOSK s UL, Lr L an, g,
INTERNAL DATA : —t —y
LATCH UPDATE. |- - &=
SIGNAL . _
m ‘ I y ) Y A
LA L e h
CONV/STOP — oI =
. PR FIXED
TR oo | 0N
" OF REFERENCE DETER-
INTEGRATE OOUNTS MINED
PHASE

- Figure6 Convert-on-Command Operation (CONV /STOP = 0 After Zero Crossing Detected)
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15-BIT PLUS SIGN, INTEGRATING _
ANALOG-TO-DIGITAL CONVERTER

TC800
IN
SIGNAL REFERENGE INTEGRATE | ZBRO. _ CONVERBION
SYSTEMZERO | INTEGRATE PHASE (RI PHASE _ oYCLE
PHASE (SZ) | PHASE () (DEINTEGRATE) 02)
SIGNBIT
DETERMINED
INTEGRATOR
OUTPUT / < :
3 ) 2 A
, . ov X-¢ ;2?/_1 - T ¢
INTERNAL DATA
CROSSING | ZERO CROSSING
0 INTERNAL gl
etoek oo [ LILIUL, LT LAUR LU e g™
DVD 4, > :'D =Vin | 1
- NUMBER OF COUNTS
PROPORTIONAL TO Vi
12,228 16,384
12228 g 16304 —mle— 32768 COUNTS L%
Le—— ONE CONVERSION CYCLE = 65,536 COUNTS (tcony = %3?6) —

Figure7 Continuous Conversion (CONV/STOP = 1)

Table It indicates valid data is available for the peripheral. The
High Data Byte  Low Data Byte LBFLGand HBFLG signals indicate which data byte is being
CE HBEN LBEN (SGN, DB1rDBG) (DBrDB1) trarisferred. The data request signal,(DRQST, pln 27) in-
- - forms the TC800 a peripheral is ready to accept data. A
T X X Inactive Inactive complete cycle transfers two 8-bit bytes.
(High Z State) (High Z State)
0 0 0 Active Active CE .
0 0 1 Active Inactive : -\ /-
(High Z State) HBEN %
0 1 0 Inactive Active wee f
(ngh'Z State) . tagE > |<_> lq. tpHR
0 1 1 Inactive Inactive HIGH VALS
(High Z State) High Z State) et LRAIA/
NOTE: X=1o0r0. BEN 10815080 |a—»
_— e . 3_wee ;i
The HBEN, LBEN, and CEinputs are asynchronous with ' HIGH
the internal conversion clock. Output data is immediately ABE |  |tpuB IMPEDANCE
available. To avoid accessing data as updates occur, the | paTA STATE
DVD input can control data access. Data will not change if BYTE VALIDDATA
DVD = 0. DB4-DB,

Handshake Mode Data Transfer Figure 8 Parallel Data Transfer (Two 8-Bit Bytes)

The TC800 actively controls data transfer to peripherals
through the handshake data transfer mode. in the hand-
shake mode, pins 18, 19, and 20 (LBFLG, HBFLG, and
LDSTRB) are TTL-compatible outputs. The LDSTRB signal
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15-BIT PLUS SIGN, INTEGRATING
ANALOG-TO-DIGITAL CONVERTER

1-51-10-90
TC800
BUS/HAND = 1
ot AND :

e —\ Wee > — With BUS / HAND =1, the TC800 enters the handshake
HEEN N Y mode after datais stored inthe output data latches. Oncethe
% Y7 handshake mode internal latch signalis set, the BUS / HAND
LBEN W signal is ignored. The DRQST signal controls data transfer
t% . N y 7 . to the extemal requesting peripheral. Figure 10 shows the
ACE ‘H'GH' DHC o D ANCE timing diagram for the data transfer with BUS / HAND =1
IMPEDANCE STATE VALID DATA STATE (throughout the transfer). Note that DRQST = 1 throughout
< SGN, DB,5-DB the transfer. The data transfer rate is set by the TC800

v DON'T 1551 Yy
m CARE i internal clock. A complete data transfer occurs in 4 clock

periods after a DRQST = 1 is detected on a high-to-low
i internal clock-edge transition.

The BUS / HAND signal is ignored after the handshake For peripherals that cannot accept data at the TC800
mode is entered. Conversions continue, but data latch  clock rate, the DRQST input can be used to delay the
updating is inhibited until the TC800 transferstwodatabytes  transmit sequence. This mode is useful in interfacing to
and clears the internal mode latch. UARTs. Figure 11 shows a typical UART interface.

The handshake mode is entered in two ways:

(1) SetBUS/HAND =1 ’

(2) Pulse BUS/HAND High (— L)

Figure9 Parallel Data Transfer (16-Bit Bytes)

/ZERO CROSSING OCCURS
INTEGRATOR oy
OUTPUT ZERO CROSSING DETECTED
INTERNAL CLOCK I 11 Y S| | —_—
INTERNAL DATA . |
LATCH UPDATE :
DVD (DATA
VALID SIGNAL)
BUS/HAND
INPUT SIGNAL . X L
INTERNAL
DATA TRANSFER
MODE CONTROL SIGNAL £) ® ®
(1 = HANDSHAKE, 0 = BUS) ]
DRGST e/ Xz
(DATA REQUEST INPUT FROM PERIPHERAL) 0)
LDSTRB ® AU
(LOAD DATA STROBE OUTPUT)
HBFLG ® . A
(HIGH DATA BYTE FLAG OUTPUT) J
—t—
HIGH IMPEDANCE STATE DATA VALID HIGH IMPEDANCE STATE
HIGH DATA BYTE —E SGN, DB 45-DBg )
LBFLG ' @
(LOW DATA BYTE FLAG OUTPUT) ..
i HIGH IMPEDANCE STATE : DATAVALID \HIGH
_ LOW DATA BYTE DBy DB, NPEnANCE
STATE
NOTES: (1) High impedance output with intemal pull-up. 77 7] DONT
(2) DRQST signal sensed at H — L clock transition. /A SARE

@ LDSTRB and HBFLG become active at first L — H clock transition after DRQST is sensed H.

Figure 10 Data Trasfer With BUS/HAND = 1
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15-BIT PLUS SIGN, INTEGRATING T-51-10-90
ANALOG-TO-DIGITAL CONVERTER

TC800

ZERO CROSSING OCCURS

INTEGRATOR OUTPUT .
T ZERO CROSSING DETECTED

L

|
?

INTERNAL CLOCK

INTERNAL
DATA LATCH

. DV
(DATA VALID SIGNAL)
BUS/HAND

ME =1 -

L/ | HANDSHAKE .
TRANSFER
| ENDED

INTERNAL DATA TRANSFER
MODE CONTROL LATCH =y

DRQST

<pr-mog mET—-
<Pprmo

HIGH
IMPEDANCE STATE

HIGH ——
IMPEDANCE STAT| DATA VALID -
HIGH DATA BYTE SGN, DB15 - DB9

S~

TBLFG

HIGH
IMPEDANCE

"HIGH
IMPEDANCE STATE N DATA VALID
' DBg - DB,
DON'T
%, CARE

Figure 11A  Typical UART interface Timing With DRQST Signal Controlling Data Transfer Timing

LOW DATA BYTE

The UART data transfer sequence begins with DRQST [, — BAUD R'.ATE
=1, indicating the UART transmitter buffer register is empty GENERATOR
(TBMT = 1). LDSTRB and HBFLG become active when ‘ ‘
DRQST is sensed synchronously. The high-order data byte £18)
is sitored in the UART transmitter buffer register when
LDSTRB = 1. This occurs one clock period after DRQST is CLK RDA | —JBUS/HAND  BUF OSC
sensed. The DRQST signal (TBMT) goes low, halting the TEMT b—» DRQST . E
cycle with the SGN and DBN;5~DB; data bits active. After comzssz 758 —a— | osTRE N
the UART transfers the received data to ‘the transmitter UART - men ] o BFle TC800 2,4576
register, DRQST (TBMT) goes high. On the first high-to-low . o _0s¢, ﬂ_:‘_‘
internal clock transition, the high data byte is disabled and TD1-TD8 |y Iﬂ,. gg”- ggr DBy =
one-half clock period later HBFLG = 1. Concurrently, g kit i) oscT
LDSTRB = 0 and DBg—DB; become-active. One clock period | RDA = Recsiver Data Availablo (Set high when character received
later, LDSTRB =1 and the low data byte is clocked into the ' and transferred to receiver buffer register)
UART transmitter buffer register; DRQST goes low. When TBMT = I;g,’;i;':'ﬁ‘:;ﬁ’;ﬂ}:’,&’{'g;g,‘,,%",‘,'.3;52,;”@‘;“ transmiter buffor
DRQST returns high, it is sensed on the first TC800 intemal TDS = Transmitter Data Strobe (Low level input transfers data into
clock high-to-low edge transition, thus causing all outputs to transmitter register) . .
be disabled. One-half clock period later the internal hand- RDAR = Receor Data pvallable Flesat (Low level resets RDA
shake mode latch is cleared and LDSTRB = HBFLG =
LBFLG = 1. The outputs remain active as long as Figure 1B Typical UART to TC800 Connection .
BUS/HAND =1. :
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ANALOG-TO-DIGITAL CONVERTER

BUS/HAND = _[ L_ (Pulse High)

The TC800 outputs every conversion (except those
completed during a handshake transfer) with BUS / HAND
held high. Handshake output sequences on demand are
possible by triggering the BUS / HAND control input with a
low-to-high edge. Figure 12 shows a typical data transfer.

The output cycle is controlled by the DRQST input signal.

The complete 2-byte data transfer can take any length of
time. Conversions are made, and the DVD and
CONV/ STOP inputs function normally, but new. data will
not be latched until the handshake mode is terminated.

Oscillator Control and Operation

The OSC CON input (pin 24) configures the intemal
oscillator as a crystal or RC oscillator. OSC CON = 1
establishes the RC oscillator; R should be 50 kW or larger.
The internal clock matches the frequency and phase of the
BUF OSC (pin 25) signal. In the crystal oscillator mode

(OSC CON = 0), a 415 is between the buffered oscillator
output and the internal clock. The internal oscillator may be
overdriven by driving OSC; (pin 23). The OSC CON pin
controls whether the internal clock is 415. (See Table II1.)

Table lil
0SC Internal Signal
Oscillator CON Clock Integration  Conversion
Type (Pin24) Frequency Time Cycle Time
RC Vs+ or 0.45/RC 16,384( RQ ) RC (65,536)
Open 0.45/ 0.45

Crystal  Ground fxya 415 16,384('15) 15 (65,536)
xTaL/  fxTAL

NOTES: 1. fxya = ctystal frequency (2.4576 MH2)
2. Intemal clock frequency = 163.8 kHz
3. Signal integration time = 1000 ms
4. Conversion cycle time = 400 ms (2.5 conversions/sec)

INTERNAL I I I
CLoCcK - L—

INTERNAL

I e Uy By

ZERO CROSSING OCCURS

oV | o« ZERO CROSSING DETECTED

DATA LATCH UPDATE
DISABLED (HAND 1)
.ﬂl_llj_l_l_ SN Iy
|

DATA LATCH

WD 700 B

VL A

POSITIVE EDGE :
SETS HANDSHAKE

|- REFERENCE |
- INTEGRATE )
PHASE

IS AS% 9441 AISSSSLSS

L A LA A L

UART MODE
STEMAND, e D
HANDSHAKE UART

INTERNAL
TRANSFER sus
MODE

®

DRQST ZL@ ®

®

LDSTRB g—’

<Pprmg mE—-

HBFLG ®—’

<P>Prmo mE—-i
<PTMO ME-—=

HIGH DATA BYTE

SGN, DB, 5-DBy

VALID

LBFLG ®_—I

O] @

lelole N

LOW
DATA BYTE

NOTES: (1) High impedance state with resistive pull up.
@ High impedance state.
(3) DRQST input sensed.
@ Output sequence greater than conversion cycle.

DB,-DB,

DON'T
1197

Figure 12 Handshake Output on Command (DRQST Signal Controls Transfer)
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3bE

T-51-10-90

TC800

)}

{4

INTERNAL CLOCK
+15
ENABLE
—| >°—-| So—¢ ™
.+ TC800
)
o 22|0sc2 .25
O EXTERNAL OBUF0OSC
OSC CON cLocK
(GND = +15) SOURCE

Figure 13 External Oscillator Control

".‘\ INTERNAL
CLOCK
TC800 ‘[
\ —Do—o——Doa
" 24! |22 23 25
N 0SCs 0sCy BUFF
osc
R
OSC CON Y =02
RC
(V* OR OPEN) T

Figure 14 Internal RC Oscillator Configuration

% INTERNAL
- ‘ cLocK
L
¢ —Dc »] +15
1 R
)) I |
« 2122 0sC;  23|05Cq % TN
osc L TC800
con = L o BurF

Figure 15 internal Crystal Oscillator Configuration
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Component Value Selection

Integrating Resistor (RinT) ] )
The desired full-scale input voltage and output current
capability of the input buffer and integrator amplifier set the
integration resistor value. The intemal Class A output stage
ampllflers supply a 20 pA drive current with rninimai linearity
error. Ryt is easily calculated for a 20 pA full-scale current:

Full-Scale Input Vohage V)

Rint (MQ)
20
Full-Scale Input Voltage (Vgs) Rint
3.2768 160 kW
4.0000 200 kW

Integrating Capacitor (Cint) i

The integrating capacitor should be selected to maxi-
mize integrator output swing. The integrator output will
swing to within 0.4V of Vg* or Vg~ without saturating. With
+5V power supplies and analog common: connected 1o

‘supply ground, a 35V to 4.3V swing is adequate.

Using the suggested 20 pA full-scale buffer output
current, the integrating capagitor is easily calculated:

16,384 (_) 0 pA
CINT (]J'F) = f(ZLK (kHZ) s
‘ Integrator Output Voltage Swing (V)
where fc k = Internal clock frequency.

For 2.5 conv/sec, the internal clock frequency is
163.8 kHz. The TC800 operates at 2.5 conv/sec with an
external crystal equal to 2.4576 MHz A 0.47 uF capacitor is
recommended.

The integrating capacitor should be selected for low

dielectric absorption to prevent roll-over-errors. Polypro-

pylene capacitors are suggested. The outer foil of Cint
should be connected to pin 31.

System Zero Capacitor (Csz)
A 1 uF polypropylene capacitor is suggested. The inner
foil should be connected to Csz (pin 32).

Reference Capacltor {Crer)

A 1 uF capacitor is suggested. Larger 'values may be
usedto limitroll-over errors. Low leakage capacitors suchas
polypropylene or Teflon® should be used. :

D EN 8917602 0007180 3 EETSC .
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TC800
Reference Voltage - v+
The analog input required to generate the 32,768 full- :
scale count is Viy = 2 Vger. The reference voltage source 10kQ
should be selected for temperature stability. The TC800 v
provides 30 ppm resolution. With a 5 ppm/°C reference, a 6°
change will introduce a 1-bit absolute error. A stable refer- -<"\™
ence mustbe used where ambient temperature is controlled v |. Tcos
and accurate absolute measurements are needed. REFI=I0< 2 2.5V REF
The reference voltage input must be a positive voltage - ’“\ k2
with respect to analog common. Reference voitage circuits TC800 !
are shown in Figure 16.
Delay Resistor (Rg) égah%ﬁ
The Rs, Cint combination compensates for comparator
delay time. With a 0.47 puF integrating capacitor, a 20W
X N . ANALOG
series resistor is Suggested. . GROUND
Figure 16 Reference Voltage Circuits
TYPICAL APPLICATIONS
TC800 Parallel Interface to 6522 Versatile Interface Adapter
2.4576 MHz +5V-5V :
O X T T DATA BUS
23 |22 |24~ |39)3828 } .
" losc, osc, osc DIG VE vg
a7 s 2 CON GND ° °
O Vi -
ANALOG
\;
INPUT 5:;‘: IN . senl PO
2 .
coMm wan | 2B15[ : CONTROL
RiT 33 Veur BYTE] © |: ! [PORTA BUS 6502
160k > 1 L I PAT PROCESSOR
AN
1 csz ()
Rg TC800 ADRESS
200 S Csz DBg BUS
it LOW PORT B
BYTE .
047 pF - 31 VT : IRQ
35 ct DB1 —
cree L R CONV/STOP IRG ey
L P _ CB1
vourheo-Pfveer oV |
LBEN HBEN CE BUS 6522 VIA PERIPHERAL CONTROL REGISTER (PCR) SET-UP
— T T Too 121 {(REGISTER 12)
'L 'L J—' 'L CB2  NTERHUPT caz INTERRUPT
conTRoL e CONTROL CONTROL
Bit7 Bité Bits5 Bit4 Bit3 Bit2 Bit1 Bito
1 1ot - - - - -
“‘NOTE: May be programmed for convert on command or
continuous conversions.
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TYPICAL APPLICATIONS (Cont.)
TC800 Interface to 6520 VIA
DATA BUS
2.4576 MHz +5V -5V
D - +5V
23 |22 |24~ l39|38{28
0sC, 0SC, OSC DIG vi vz __
af .+ t 5552 Con anp Vs Vs iRGA
AAAS aun MU '
ANALOG
INPUT T s6],- SGN -PIA- IRa
o Vin DB1S 6520
COM i
A ons e
BUF
Rin ‘ AN PAG-PA7T R PROCESSOR
160 kQ 1uF TC800 pBs
32
o LOW
Rg < Csz BYTE /
200 ADBILESSS
CINT DB1 N
047 yF T3y,
EL] PN CA1 CA2
cper L |'R
L V| RS __
Cr DVD
DRQST
*VREF
6520 PIA CONTROL REGISTER A (CRA) SET-UP
CA2 DDRA  CAi
IRQAT  IRQA2 CONTROL ACCESS CONTROL
Bit 7 Bit6  Bit5 Bit4 Bit3  Bit2 Bit1 Bito
X X 1 0 0 0 o 1
| 1 | [
Set by a negative Port A
CA1 fransmission.  CA2is sethighon conf-  IRQA output
reset by a negative CA1 gured enabled —goes
read port A transmission. as low when Bit 7
aperation. A port Aread input.  in CRAs set by
operation negative transition
sets CA2 low. of signal on CA1.
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- TC800

TYPICAL APPLICATIONS (Cont.)
TC800 to 6520 Peripheral Interface Adapter Handshake Timing Diagram

NTERNAL M 1M ML L MMy,

INTERNAL DATA
catch = 1 i )
pVD— )1
OB * =
14
(DRGST, CA1) — N L_l;‘
W
e nzl ©OBy-DB, [HicH,
mpEDANCE| SN PP15—DBs D‘:IA VALID I- =| DATAVALID |IMPEDANCE
LLS : 4
PERIPHERAL DATADATA REQUEST SENSED  DATA REQUEST SENSED  DATA REQUEST SENSED
REQUEST v
(DRQST, CA2) 2
PrOCEISORERRS . .
“(RCS) " READ : {C"READ
HIGH LOW
BYTE BYTE
PROCESSOR

INTERUPTY
(IRGA) 1 o) — L

NOTE: Data from every conversion is transmitted in 2 bytes.
{Data read cycle is less than conversion tims.)
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