3875081 G E SOLID STATE

ICL8052/ICL7104

and ICL8068/ICL7104
14/16-Bit uP-Compatible
2-Chip A/D Converter

GENERAL DESCRIPTION

The ICL7104, combined with the ICL8052 or ICL8068,
forms a member of Intersil’s high performance A/D convert-
er family. The ICL7104-16, performs the analog switching
and digital function for a 16-bit binary A/D converter, with
full three-state output, UART handshake capability, and oth-
er outputs for easy interfacing. The ICL7014-14 is a 14-bit
version. The analog section, as with all Intersil's integrating
converters, provides fully precise Auto-Zero, Auto-Polarity
{including +0 null indication), single reference operation,
very high input impedance, true input integration over a con-
stant period for maximum EMI rejection, fully ratiometric op-
eration, over-range indication, and a medium quality built-in
reference. The chip pair also offers optional input buffer
gain for high sensitivity applications, a built-in clock oscilla-
tor, and output signals for providing an external Auto-Zero
capability in preconditioning circuitry, synchronizing external
multiplexers, etc.
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FEATURES

® 16/14 Bit Binary Three-State Latched Outputs Plus
Polarity and Overrange

¢ [deally Suited for Interface to UARTs and
Microprocessors

¢ Conversion On Demand or Continuously

_® Guaranteed Zero Reading for Zero Volts input

© True Polarity at Zero Count for Precise Null
Detection

¢ Single Reference Voltage for True Ratiometric
Operation

¢ Onboard Clock and Reference

® Auto-Zero; Auto-Polarity

® Accuracy Guaranteed to 1 Count
® All Outputs TTL Compatible

® +4V Analog Input Range

© Status Signal Avalilable for External Sync, A/Z In
Preamp, etc '

Part Number Temp. Range Package Part Number Temp. Range Package
ICL8052CPD 0°Cto +70°C | 14-Pin Plastic DIP ICL7104-14CJL | 0°Cto —70°C | 40-Pin CERDIP
1CL8052CDD 0°Ct0.+70°C | 14-Pin Ceramic DIP ICL7104-14CPL | 0°Cto +70°C | 40-Pin Plastic DIP
ICL8052ACPD | 0°Cto +70°C | 14-Pin Plastic DIP ICL7104-14CDL | 0°Cto +70°C | 40-Pin Ceramic DIP
ICL8052ACDD | 0°Cto +70°C | 14-Pin Ceramic DIP ICL7104-16CJL | 0°Cto +70°C | 40-Pin CERDIP
ICL8068CID 0°Cto +70°C | 14-Pin CERDIP ICL7104-16CPL | 0°Cto +70°C | 40-Pin Plastic DIP
ICLB0O6BACJD | 0°Cto +70°C | 14-Pin CERDIP ICL7104-16CDL | 0°Cto +70°C | 40-Pin Ceramic DIP
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Figure 1: ICL8052A (8068A)/ICL7104 16/14 Bit A/D Converter Functional Diagram

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: Al typical values have bosn charsclerized but are not teeted, 3-19
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ABSOLUTE MAXIMUM RATINGS T-5/-10-/6C
Power Dissipation (1) All DaVICeS .. ..viveeerianes 500mW ICL7104
Storage Temperature ................ —65°C to +160°C V+ Supply (GNDtoV+) ...oovevennnen Ceraens . Y
Operating Temperature .........cooceenen 0°Cto +70°C VA+ toV— ciiiiiiiiiiiiiesa PN ... 32V
Lead Temperature (Soldering, 10S8C) .....cvvevess 300°C Positive Supply Voltage (GNDtoV ++) .... R YA
{CL8052, 8068 Negative Supply Voltage (GNDtoV—) .............. i7v
Supply Voltage ......ooveonees e, 18V Analog Input Voltage (Pins 32-39) (4) ...... V++toV—
Differential input Voitage (8068) ..........corevees +30V Digital Input Voltage
(8052) ..... e +6V (Pins2-30)(5) +....vvvnns (GND~0.3V) to (V* 10.3V)
Input Voltage (2) .....coecvuvenennnns. PP +15V
Output Short Circuit Duration,
AlOUtPUS (B) ...vvvvenvencnirarianiinanne . Indefinite

NOTE 1 Dissipation rating assumes device is mounted with all leads welded or soldsred to printed circuit board in ambient temperature below +70°C. For higher
temperatures, derate 10mW/*C.
2: For supply voltages less than 115V, the absolute maximum input voltage Is equal to the supply voltage.
3: Short cireuit may be to ground or elther supply. Rating applies to +70°C amblent temperature,
4 Input voltages may exceed the supply voltages provided the input current is fimited to £ 100pA.
§: Connecting any digital inputs or outputs to vollages greater than V+ or less than GND may cause dastructive device latchup, For this reason it is
recommended that no Inputs from sources not on the same power supply be applied to the ICL7104 before its power supply Is established.
NOTE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage fo the dsvice. These are stress ratings only and functional

operation of the device at these or any other conditions above those Indicated in the op of the specifications is not impiied. Exposure to absolute
maximum rating conditions for extended periods may affsct device reliability.
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Figure 2: Pin Configurations

ICL7104 ELECTRICAL CHARACTERISTICS (v+=+5V,V ++ =+15V,V—=~15V,Ta=25°C)

Symbol Characteristics Test Conditions Min Typ Max Unit
N Clock Input CLOCKA1 Vin=+5Vto OV +2 +7 +30 pA
N Comparator /P | COMP IN (Note 1) Vin=0Vto +5V -10 +0.001 +10 rA
IH Inputs MODE Vin=+5V +1 +5 +30 | pA
" with Pulldown Vin=0V —10 | £001 | +10 | pA
IH Inputs SEN, R/H Vin=+5V —-10 | 0,01 +10 | pA

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPE!
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: Al typical vaives have been characterized but &re not tested,
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T TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
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ICL7104 ELECTRICAL CHARACTERISTICS (vV+=+5V,V ++ =+15V, V— = —15V, TA=25C) a
(Continued) ~
©
Symbol Characteristics Test Conditions Min Typ Max Unit :
. Vi Input High Voltage | All Digital Inputs 25 2.0 - \ 8
ViL Input Low Voltage | All Digital inputs 1.5 1.0 \ :
VoL Digital [BEN loL=1.6mA — 0.27 vi13a
VoH Outputs MBEN (16-only) (Note 3) loH=—10uA 45 -— \ °
Vou Three-Stated HBEN. loH= —240pA 24 3.5 — vIig
On CE/LD [~
BIT n, POL, OR 4
Digital Outputs =
loL Three-Stated Off BIT n, POL, OR 0<VousV+ —-10 +.001 +10 HA IQ
VoL Non-Three State STTS loL=38.2mA —_ 0.3 4 Vv g
VoH Digita! loH= —400xA 24 3.3 — v | B
VoL Output CLOCK 2 loL=320p.A 05 v
VoH loH= —320pA 45 A
VoL CLOCK 3 (—14 ONLY) loL=1.6mA 0.27 4 \'
Vou loq= —3820pA 24 3.5 \
Rps(on) Switch 1 — 25k (1)
Rps(on) . Switches 2,3 — 4k 20k o
Rps(on) Switch Switches 4,5,6,7,8,9 —_ 2k 10k Q0
Ip(otn) Switch Leakage — 15 pA
Clock Clock Freq. (Note 4) DC 200 400 kHz
I+ Supply Currents :Ilstxxiﬁgzlg: ;::; dance Freq.=200kHz 200 600 pA
I+ + 15V Supply Current Freq.=200kHz 3 1.0 mA
I— -~ 15V Supply Current Freq.=200kHz 25 200 pA
v+ Supply Voltage Logic Supply Note 5 4.0 +11.0 \
V++ Range Positive Supply +10.0 +16.0 \
V- Negative Supply —-16.0 —-10.0 A

NOTES: 1. This spec applies when not in Auto-Zero phase.
2. Apply only when these pins are inputs, l.e., the mode pin s low, and the 7104 is not in handshake mode.
3. Apply only when thess pins are oulputs, L.e., the mode pin Is high or the 7104 Is in handshake mode.
4. Clock circuit shown in Figs. 15 and 16.
§. V+ must not ba more positive than V + + .

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED N THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERGHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: AJ typical vaiues have been characterized but are not tested,
3-21
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_g |CL8068 ELECTRICAL CHARACTERISTICS (VeuppLy= £ 15V unless othervise specied) 1~ = |~ 10 ~tb
by
3 Symbol Characteristics Test Conditions 8068 8068A Unit
9 Min | Typ | Max | Min | Typ | Max
z', EACH OPERATIONAL AMPLIFIER
; Vos Input Offset Voltage Vom=0V 20 | 65 20 | 65 mv
s N Input Current (either input) (Note 1) | Vem= ov 175 | 260 80 | 150 pA
< |CMRR Common-Mode Rejection Ratio Voy= 10V 70 90 70 90 dB
2 Non-Linear Component of Common- | Vom= 12V 110 110 dB
5 Mods Rejection Ratio (Note 2)

g Ay Large Signal Voltage Gain R =50k 20,000 20,000 VIV
S‘, SR Slew Rate V/ps
8 GBW Unity Gain Bandwidth MHz
-ol Isc Output Short-Circuit Current mA
= COMPARATOR AMPLIFIER
AvoL Small-signal Voltage Gain Ry =30k 4000 VIV
+Vo Positive Output Voitage Swing +12 | +13 +12 | +18 \
—Vo Negative Output Voltage Swing —-20 | —26 -20 | —26 v
VOLTAGE REFERENCE
Vo Output Voitage 1.5 1.75 | 20 160 | 1.76 | 1.80 3
Ro Output Resistance 5 5 o
TC Temperature Cosefficient 50 40 ppm/°C
VsuppLy | Supply Voltage Range +10 +16| *10 +16 \
IsuppLy | Supply Current Total 14 8 14 mA
ICL8052 ELECTRICAL CHARACTERISTICS (VgyppLy= 15V unless otherwise specified)
Symbol Characteristics Test Conditions 8052 80524 Unit
Min | Typ |Max| Min | Typ |Max
EACH OPERATIONAL AMPLIFIER
Vos Input Offset Voltage Vomu=0v 20 75 20 75 | mV
N Input Current (either input) (Note 1) | VeM=0V 5 50 2 10 pA
CMRR Common-Mode Rejection Ratio Vom= 10V 70 90 70 90 dB
Non-Linear Component of Common- | Voum= +2V 110 110 dB
Mode Rejection Ratio (Note 2)
Ay Large Signal Voitage Gain Rp =50kQ 20,000 20,000 \7AY
SR Slew Rate 6 6 V/ps
GBW Unity Gain Bandwidth 1 MHz
Isc Qutput Short-Circuit Current 20 20 mA
COMPARATOR AMPLIFIER
AvoL Small-signa! Voitage Gain Ry =30kQ 4000 VIV
+Vo Positive Output Voltage Swing +12 | +13 +12 | +13 Vv
-Vo Negative Output Voltage Swing —20 | —26 —-20 | —26 Vv

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STA
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED

MERGHANTABILITY AND FITNESS FOR A PARTICULAR USE.
muwmmmmaawbmmmw
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ICL8052 ELECTRICAL CHARACTERISTICS (vsyppLy= 15V unless otherwise spscified) (Continued)
T— s J -—, D 'l L
Symbol Characteristics Test Conditions 8052 8052A | Unit
Min I Typ | Max Min I Typ | Max I
VOLTAGE REFERENCE
Vo Output Voltage 1.5 1.75 2.0 160 | 1.75 | 1.90 A
Ro Output Resistance 5 5 1)
TC Temperature Coefficient 50 40 ppm/°C
VsupPLY Supply Voltage Range +10 +16 | =10 +186 \
IsuppLY Supply Current Total 6 12 6 12 mA
NOTES: 1. The input bias currents are junction leak which app y double for every 10°C increase In the junction temperature, T,. Due to limited

production test time, the input bias currants are measured with junctions at amblent temperature. In normal operation the junction temperature rises
ahove the ambient temperature as a result of intarnal power dissipation, Pd. Ty=Ta+RgjaPd where Rgya Is the thermal resistance from junction to

ambient. A heat sink can be used to reduce temperature rise.

2. This is the only component that causes error in dual-slope converter.

SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (v ++ =+15V,V+=+5V,
— = —15V, Clock Frequency=200kHz)

Characteristics Test Conditions 8068A/7104-14 8068A/7104-16 Unit
Min Typ Max Min Typ Max
. " Vin=0.0V _ _ _ Hexadecimal
Zero Input Reading (4) Full Scale=4.000V 0.0000| +0.0000] + 0.0000| —0.0000] —0.0000j -+ 0.0000 Reading
Ratiometric Reading (1) (4) Vin=VRet, 1FFF | 2000 | 2001 | 7FFF | soo0 | sooy |Hexadecimal
Full Scale=4.000V Reading
Linearity over Full Scale (error
of reading from best straight line)| —4V<Vja < +4V 0.5 1 0.5 1 LSB
(4)
Differential Linearify (difference
between worst case step of —-4V<Vip<+4V .01 .01 LSB
adjacent counts and ideal step)
Rollover error (Difference in
reading for equal positive & neg- | —Vip= +Vjp = 4V 0.5 1 0.5 1 LSB
ative voltage near full scale) (4)
Noise (P-P value not exceeded [Vin=0V 2 2 v
95% of time) Full scale = 4.000V *
Leakage Current at Input (2) (4) {Vin=0V 100 165 100 165 |pA
. . Vin=0V o
Zero Reading Drift (A) 0°C<TA<70°C 0.5 0.5 uVv/°C
Scale Factor Temperature (3) (4) Vin= +4V, 2 5 2 5 ppm/°C
Cosfficient 0<Ta<80°C
ext. ref. 0Oppm/°C

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED N THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE N LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INGLUDING THE IMPLIED WARRANTIES OF

MERCHANTASILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: Aj typical valuss have beon charactsrized but are not testad.

3-23
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SYSTEM ELECTRICAL CHARACTERISTICS: ICL8052/7104 (v ++ =+18V,V+=+5V,
V- = —15V, Clock Frequency=200kHz) T-5l-1o~-1b
Characteristics Test Conditions 8052A/7104-14 8052A/7104-16 Unit
Min Typ Max Min Typ Max
" Vin=0.0V _ _ Hexadecimal
Zero Input Reading Full Scale=4.000V 0.0000] +0.0000| + 0.0000| —0.0000] +0.0000} + 0.0000 Reading
. . . Vin=VRet. Hexadecimal
Ratiometric Reading (3) (4) Full Scale=4.000V 1FFF 2000 2001 7FFF 8000 8001 Reading
Linearity over £ Full Scale (error
of reading from best straight line)| ~4V<Vin < +4V 0.5 1 0.5 1 LSB
(4)
Differential Linearity (difference
between worst case step of —4VEVjp< +4V .01 .01 LSB
adjacent counts and ideal step)
Rollover error (Difference in
reading for equal positive & —Vin=+Vp=4V 0.5 1 0.5 1 LSB
negative voltage near full scale)
Noise (P-P value not exceeded  |Vin=0V v
95% of time) Full scale=4.000V 30 30 K
Leakage Current at Input (2) (4) |Vin=0V 20 30 20 30 |pA
I . V=0V o
Zero Reading Drift (4) 0STA<70°C 0.5 0.5 pv/°oCc
Vin=+4V
gz‘;‘;g:ﬁtt"(;;rempe’a‘“’e 0<TAST0°C 2 2 ppM/C
(ext. ref. 0Oppm/°C)
NOTES: 1. Tested with low ic absorption integrating i
2. the input blas currents are junction leakag which app ty double for every 10°C increase In the junction temperature, T,. Due 1o limited
production test time, the input blas are d with | at amblent temperature. In normal operation the junction temperature rises

above the ambient temperature as a result of internal power dissipation, Pd. Ty=

amblent. A heat sink can be used to reduce temperature rise,

3. The temperature range can be extended to 70°C and beyond if the Auto-Zero and F

leakage of the 8068, See note 2 above.
| but Is not production tested.

4, F has been ch

are in

Ta+RgyaPd where Rgya is the thermal resistancs from Junction to

d to absorb the high temperature

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTIGLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: ANl typical vaives have boon cheracterized but are nof tested,
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INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPEGT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE,
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE {N LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERGHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: AJ typical vekues have boen characterized but are not tested.
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Figure 5: Direct Mode Timing Dlagram
Table 1: Direct Mode Timing Requirements (Note: Not tested in production)
Symbol Description Min " Typ Max Unit
fbea XBEN Min. Pulse Width 300
tdab Data Access Time from XBEN 300
tdhb Data Hold Time from XBEN 200 ns
tcoa CE/LD Min. Pulse Width 350
tdac Data Access Time from CE/LD 350
tdhe Data Hold Time from CE/LD 280
tewh CLOCK 1 High Time 1000
Table 2: Handshake Timing Requirements (Note: Not tested in production.)
Name Description Min Typ Max Unit
tmw MODE Pulse (minimum) 20
tsm MODE pin set-up time —150
tme MODE pin high to low 2 CE7LD high delay 200
tmb MODE pin high to XBEN low Z (high) delay 200
teal CLOCK 1 high to CE/LD low delay 700 ns
teeh CLOCK 1 high to CE/LD high dslay 600
tebt CLOCK 1 high to XBEN low delay 900
febh CLOCK 1 high to XBEN high delay 700
tedh CLOCK 1 high to data enabled delay 1100
tedl CLOCK 1 low to data disabled dslay 1100
tss Send ENable set-up time —350
tobz CLOCK 1 high to XBEN disabled dslay 2000
teoz CLOCK 1 high to CE/LD disabled delay 2000
fewh CLOCK 1 High Time 1250 1000

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WiTH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INGLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: All typical values have been characterized bul are not tested.
3-26
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Figure 6: Handshake Mode Timing Diagram

INVERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: AX typical vakues have baen chardcterized but are not tesisd.
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Table 3: Pin Descriptions T-51-10-1l
Pin | Symbol | Option Description Pin| Symbol |Option Description
1 |V(++) Positive Supply Voltage HBEN —16 | High Byte ENable. Activates
Nominally + 15V POL, OR, see LBEN (pin 22).
2 |GND Digital Ground .0V, ground retum 24 | CLOCK3 —14 | RC oscillator pin. Can be used
3 |STTS STaTu$S output. Hl during as olock out;.Jut.
integrate and Deintegrate until Pin| Symbol Description
data is latched. LO when analog 25 | CLOCK1 | Clock input. External clock or ocsillator.
section is in Auto-Zero 26 | CLOCK2 | Clock output. Crystal or RC oscillator.
configuration. 27 | MODE Input LO; Direct output mode where CE/
4 | POL POLarity. Three-state output. HI LD, HBEN, MBEN and [BEN act as
for positive input. inputs directly controlling byte outputs. If
5 |OR OverRange. Three-state output. pulsed HI causes immediate entry into
6 |BIT16 —16 handshake mode (see Figure 14).
BIT 14 —14 (MOS( Slgniﬁcant bit) If HI, enables CE/LD, HBEN, MBEN, and
7 BT 1s 16 LBEN as outputs. Handshake mode will
BIT 13 —14 be entered and data output as in Figures
s |Bmia 16 12 & 13 at conversion completion.
BIT 12 —14 28 |R/H Run/Hold: Input Hi-conversions
o lBTi3 16 continously performed every 217(—16) or
15(— -
BIT 11 —14 | Data Bits, Three-state outputs. 213( 1'?) clock pulses. Input LO
= See Table 4 for format conversion in progress completed,

10 g:; :(2) _:3 of ENables and bytes. converter will stop in Auto-Zero 7 counts
HIGH=true before input integrate.

11 gg ;1 :12 20 | SEN Send-ENable; Input controls timing of

byte transmission in handshake mode. HI

12 rB‘cI;T 10 B :3 indicates ‘send’.

3 lBime T16 30 |CE/LD | Chip-Enable/LoaD. With MODE (pin 27)

ne _14 LO, CE/LD serves as a master output
enable; when Hl, the bit ocutputs and POL,

14 |BIT8 OR are disabled. With MODE HI, pin

16 |BIT7 serves as a LoaD strobe (—ve going)

16 |BIT6 used in handshake mode. See Figures 12

17 | BIT5 &13.

i8 | BIT 4 31 {V(+) Positive Logic Supply Voltage. Nominally

19 [BIT3 +8V.

20 |BiT 2 32 | AN,IN ANalog INput. High side.

21 |BIT1 Least significant bit 33 |BUFIN BUFfer INput to analog chip (ICL8052 or

— ———— - ICL8068)
LBEl L le. i -

2 N hg:’ dzfaeksl:lnaobdz (:en::ali: 27) 34 | REFCAP2 | REFerence CAPacitor (negative side)
when LO (with CE/LD, pin 30) 35 | AN.GND. | ANalog GrouND. Input low side and
activates low-order byte outputs, reference low side.

BITS 1-8 36 |A-Z Auto-Zero node.
When in handshake mode (see 37 |VREF | Voltage REFerence input (positive side).
z:‘t::t)' ;:2’;; 3;“‘92 'f;":’g‘: ;'ag 38 | REFCAP1 | REFerence CAPaitor (positive side).

WBEN —16 | Mid Byte ENable. Activates BITS 39 | COMP-IN COMFTarator INput from 8052/8068
9-16, see LBEN (pin 22) 40 (V(-) Negative Supply Voitage. Nominally

23 |HBEN | —14 |High Byte ENable. —18V.

Activates BITS 9-14, POL, OR,
see LBEN (pin22)

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE iMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: Al typical values have been charscterized but are not tested,
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Table 4: Three-State Byte Formats and ENable Pins T <% | (&~ | §
CE/LD
HBEN MBEN LBEN
7104-16 [ poL| o/R| B16 [ B15 [B14| B13| B12|B11]B10| B0 | B | B7|B6 | B5| B4 | B3| B2 | B
HBEN LBEN
7104-14 poL|o/r[B14]B13[B12|B11{B10]BS|BS|B7| B6 | BS | B4| B3| B2 BY

Figure 1 shows the functiona! block diagram of the operating system. For a detailed explanation, refer to Figure 7 below.
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INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE GONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPUED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical valves have been characterized but are not tested.
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DETAILED DESCRIPTION

Analog Section

Figure 7 shows the equivalent Circut of the Analog Sec-
tion of both the ICL7104/8052 and the ICL7104/8068 in the
3 different phases of operation. If the Run/Hold pin is left
open or tied to V+, the system will perform conversions at
a rate determined by the clock frequency: 131,072 for — 16
and 32,368 for — 14 clock periods per cycle (see Figure 9

3s7s0s1 oowo3a? & [

OD1E 10387 D

ERINTERSL
T-5i-10-90
. T-SI1-10+ b
Auto-Zero Phase | Figure 7A

During Auto-Zero, the input of the buffer is shorted to
analog ground thru switch 2, and switch 1 closes a loop
around the integrator and comparator. The purpose of the
loop is to charge the Auto-Zero capagcitor until the integrator

output no longer changes with time. Also, switches 4 and 9
recharge the reference capacitor to VRgr.

conversion timing).

+ AN
WP

ICL8052/ICL7104 and ICL8068/ICL7104

ZERO
CROSS. ] ar—
§ DET. 26RO
CROSSING
FiF
CL
POL CL
0346-10

2ERO
CROSS. o af—
DET. ZERO
CROSSING
— FIF
ICAz cL
FoL cL
034611

Figure 7D: Phase 1l — Deintegrate

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: AX typical vakes have been charactorized but are not tested.
3-30




G E SOLID STATE 0Ok

DE

3875081 G E SOLID STATE

ICL8052/ICL7104 and ICL8068/ICL7104

Input Integrate Phase !l Figure 7B

During input integrate the Auto-Zero loop is opened and
the analog input is connected to the buffer input thru switch
3. (The reference capacitor is still being charged to VRer
during this time.) If the input signal is zero, the buffer, inte-
grator and comparator will see the same voltage that exist-
ed in the previous state (Auto-Zero). Thus the integrator
output will not change but will remain stationary during the
entire Input Integrate cycle. If Vi is not equal to zero, an
unbalanced condition exists compared to the Auto-Zero
phase, and the integrator will generate a ramp whose slope
is proportional to ViN. At the end of this phase, the sign of
the ramp is latched into the polarity F/F.

Deintegrate Phase Ilil Figure 7C & D

During the Deintegrate phase, the switch drive logic uses
the output of the polarity F/F in determining whether to
close switches 6 and 9 or 7 and 8. if the input signal was
positive, switches 7 and 8 are closed and a voltage which is
VRer more negative than during Auto-Zero is impressed on
the buffer input. Negative inputs will cause +VRgr to be
applied to the buffer input via switches 6 and 9. Thus, the
reference capacitor generates the equivalent of a (+) refer-
ence or a (—) reference from the single reference voltage
with negligible error. The reference voltage returns the out-
put of the integrator to the zero-crossing point established
in Phase I. The time, or number of counts, required to do
this is proportional to the input voitage. Since the Deinte-
grate phase can be twice as long as the Input integrate

3875081 oou03as o [ S

01E 10388 D

T-L1-10-90
phase, the input voltage required to give a full scale
reading=2VREer. T-51-10 - /{p

Note: Once a zero crossing is detected, the system automatically reverts to
Auto-Zero phase for the leftover Deintegrate time {unless Run/Hold is ma-
nipulated, see Run/Hold Input in detailed description, digita! section).

Buffer Gain

At the end of the auto-zero interval, the instantaneous
noise voltage on the auto-zero capacitor is stored, and sub-
tracts from the input voltage while adding to the reference
voitage during the next cycle. The resuit is that this noise
voitage effectively is somewhat greater than the input noise
voltage of the buffer itself during integration. By introducing
some voltage gain into the buffer, the effect of the auto-zero
noise (referred to the input) can be reduced to the level of
the inherent buffer noise. This generally occurs with a buffer
gain of between 3 and 10. Further increase in buffer gain
merely increases the total offset to be handled by the auto-
zero loop, and reduces the available buffer and integrator
swings, without improving the noise performance of the sys-
tem. The circuit recommended for doing this with the
ICL8068/ICL7104 is shown in Figure 8. With careful layout,
the circuit shown can achieve effective input noise voltages
on the order of 1 to 2 uV, allowing full 16-bit use with full
scale inputs of as low as 150mV. Note that at this level,
thermoslectric EMFs between PC boards, IC pins, etc., due
to local temperature changes can be very troublesome. For
further discussion, see App. Note A030.

S IN=RSIL

TO ICL7104

0346-12

——

Figure 8: Adding Buffer Gain to ICL8068

Table 5: Typical Component Values (V ++ =+15V,V+ =5V, V—= —15V, Clock Freq=200kHz)

ICL8052/8068 with ICL7104-16 ICL7104-14 Unit
Full scale ViN 200 800 4000 100 4000 mV
Buffer Gain 10 1 1 10 1 VIV
RinT 100 43 200 47 180 kQ
CiNT .33 33 33 0.1 0.1 nF
Caz 1.0 1.0 1.0 1.0 1.0 uF
Crof 10 1.0 1.0 10 1.0 uF
VReF 100 400 2000 50 2000 mV
Resolution 3.1 12 61 6.1 244 Y

INTERSIL’S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE,
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, MPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: A4 typica! valves havs besn charactenzed but are not tasted.
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ICL8052/ICL7104 and ICL8068/ICL7104 [IIL.O
. 5/-/D-9C
-17:—55/—10'77(}

POLARITY ZERO CROSSING
DETECTED OCCURS
INTEGRATOR | I ’){\, ZERO CROSSING |
OUTPUT ] - DETECTED
_ |

—
be—AZ PHASE 1 —ele—INT PHASE l1—sfe———

INTERNAL CLOCK h_r L T I N { DEINT PHASE ..._..1_-;-21},

INTERNAL LATCH

STATUS OUTPUT

»—-i\ [
NUMBER OF COUNTS TO ZERO CROSSlNG/ AFTER ZERO CROSSING,

PROPORTIONAL TO Vin ANALOG SECTION WILL
BE [N AUTOZERO
CONFIGURATION
0346-13
COUNTS
PHASE | PHASE i PHASE Ui
—16 32768 32768 65536
—14 8192 8192 16384

Figure 9: Conversion Timing

ICL8052 vs ICL8068

The ICL8052 offers significantly lower input leakage cur-
rents than the ICL8068, and may be found preferable in
systems with high input Impedances. However, the ICL8068
has substantially lower noise voltage, and for systems
where system noise Is a limiting factor, particularly in low
signal level conditions, will give better performance.

COMPONENT VALUE SELECTION

For optimum performance of the analog section, care
must be taken in the selection of values for the integrator
capacitor and resistor, auto-zero capacitor, reference volt-
age, and conversion rate. These values must be chosen to
suit the particular application.

Integrating Resistor
The integrating resistor is determined by the full scale in-
put voltage and the output current of the buffer used to
charge the integrator capacitor. This current should be
small compared to the output short circuit current such that
thermal effects are kept to a minimum and linearity is not
affected. Values of 5 to 40pA give good results with a nomi-
nal of 20pA. The exact value may be chosen by
R ___fuII scale voltage*
INT 20pA
*Note: If gain is used in the buffer amplifier then —
(Buffer gain) (full scale voltage)
20pA

Integrating Capacitor

The product of integrating resistor and capacitor is select-
ed to give 9 volt swing for full scale inputs. This is a compro-
mise between possibly saturating the integrator (at +14

volts) due to tolerance build-up between the resistor, capac-
itor and clock and the errors a lower voltage swing could
induce due to offsets referred to the output of the compara-
tor. In general, the value of Cin is given by

[(?5796&?,’_‘11,3)] X 20pA X clock period
INT

Integrator Cutput Voltage Swing
A very important characteristic of the integrating capacitor is
that it have low dielectric absorption to prevent roll-over or
ratiometric errors. A good test for dielectric absorption is to
use the capacitor with the input tied to the reference.

This ratiometric condition should read half scale
(100 ... 000) and any deviation is probably due to dielectric
absorption. Polypropylene capacitors give undetectable er-
rors at reasonable cost. Polystyrene and polycarbonate ca-
pacitors may also be used in less critical applications.

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system, a large capacitor giving less
noise. The reference capacitor should be large enough
such that stray capacitance to ground from its nodes is neg-
ligible.

Note: When gain Is used in the buffer amplifier the refer-
ence capacitor should be substantially larger than the auto-
zero capacitor. As a rule of thumb, the reference capacitor
should be approximately the gain times the value of the
auto-zero capacitor. The dielectric absorption of the refer-
ence cap and auto-zero cap are only important at power-on
or when the circuit is recovering from an overload. Thus,
smaller or cheaper caps can be used here if accurate read-
ings are not required for the first few seconds of recovery.

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: AIl typical valuos have been charsctarized but are not leeted.




G E SOLID STATE 01 DE 3875081 0010390 a. l

3875081 G E SOLID STATE O1E 10390 D
T-51-1b-9D

ICL8052/ICL7104 and ICL8068/ICL7104 EINTERSIL

T-51-10- 1

Reference Voltage er consumption, all inputs should swing from GND (low) to
c 9 V+ (high). Inputs driven from TTL gates should have 3 -

The analag input required to generate a full scale output 5k pullup resistors added for meximum noise immunity.

is ViN=2 VREF.
The stability of the reference voltage is a major factor in MODE Input
the overall absolute accuracy of the converter. The resolu- The MODE input is used to control the output mode of the
tion of the ICL7104 at 16 bits is one part in 65536, or converter. When the MODE pin is connected to GND or left
15.26ppm. Thus, if the reference has a temperature coeffi- open (this input is provided with a pulldown resistor to en-
cient of 50ppm/°C (on board reference) a temperature sure a low level when the pin is left open), the converter is
change of %4°C will introduce a one-bit absolute error. For in its “Direct” output mode, where the output data is directly
this reason, it is recommended that an external high quality accessible under the control of the chip and byte enable
reference be used where the ambient temperature is not inputs. When the MODE input is pulsed high, the converter
controlled or where high-accuracy absolute measurements enters the UART handshake mode and outputs the data in
are being made. three bytes for the 7104-16 or two bytes for the 7104-14
then returns to *‘direct” mode. When the MODE input is left
DETAILED DESCRIPTION high, the converter will output data in the handshake mode
iai H at the end of every conversion cycle. (See section entitled
Dlglta.l S ecm.’n . . - “Handshake Mode" for further details).
The digital section includes the clock oscillator circuit, a
16 or 14 bit binary counter with output latches and TTL- STaTuS Output
compatible three-state output drivers, polarity, over-range During a conversion cycle, the STaTuS output goes high
and control logic and UART handshake logic, &s shown in at the beginning of nput Integrate (Phass 1), and goes low
the Block Diagram Figure 10 (16 bit version shown). one-half clock period after new data from the conversion
Throughout this description, logic levels will be referred to has been stored in the output latches. See Figure 9 for de-
as “low"” or “high"”. The actual logic levels are defined un- talls of this timing. This signal may be used as a “data valid”
der “ICL7104 Electrical Characteristics”. For minimum pow- flag (data never changes while STaTuS is low) to drive inter-

rupts, or for monitoring the status of the converter.

CELD
HBEN | HBEN | C[BEN

7104-18 [POL O/R[B1G 8151514- B12[811fB10] BS |Be [B7 [ B[ B5 B4] 83| B2]B1

ABER | LBEN
7104-14 POLIO/R|[B14{B813]B12|B11[B10] B9 | B8 | B7 | B6 [ B5 ]| B4 | B3 [ B2] B1

“““““ R 0 0 06 A0 A A 0 A SR

I
18/16 THREE-STATE OUTPUTS é ABEN
[ I
N NN N NN A O O A O N N N O I[
r[ 18/16 LATCHES ] || ¢ WEER
A N A N I N O A T I A A | (18 ent)
INITIAL 16/14 BIT COUNTER
CLEAR f—_L }
LATCH b-& [BEN
CLOCK ] :
COMP OUT 1 ! : )
TO | AZ =—| CONVERSION OSCILLATOR HANDSHAKE $TEND
ANALOG{ INT -—i AND CLOCK
SECTION | DEINT(#) ~ =—] CONTROL LOGIC CIRCUITRY Loeic }
DEINT(-) =] i
e 2 _dw dea das das I TR ¥ SN |
STaTus a/H CLOCK CLOCK CLOCK MODE SEND
2 3
0346~-14

Figure 10: Digital Section

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTIGLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: Af typical valuss have been characterized but are not tastad.
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Figure 11: Run/Hold Operation

0346-15

Run/Hold Input

When the Run/Hold input is connected to V+ or left open
(this mput has a pullup resistor to ensure a high level when
the pin is left open), the circuit will continuously perform
conversion cycles, updating the output latches at the end ot
every Deintegrate (Phase 1l1) portion of the conversion cycle
(See Figure 9). (See under “Handshake Mode" for excep-
fion.) In this mode of operation, the conversion cycle will be
periormed in 131,072 for 7104-16 and 32768 for 7104-14
clock periods, regardless of the resulting value.

If Run/Hold goes low at any time during Deintegrate
(Phase Il after the zero crossing has occurred, the circuit
will immediately terminate Deintegrate and jump to Auto-
Zero. This feature can be used to eliminate the time spent in
Deintegrate after the zero-crossing. If Run/Hold stays or
goes low, the converter will ensure a minimum Auto-Zero
time, and then wait in Auto-Zero until the Run/Fold input
goss high. The converter will begin the Integrate (Phase Ii)
portion of the next conversion (and the STaTuS output will
go high) seven clock periods after the high level is detected
at Run/Hold. See Figure 11 for details.

Using the Run/Hold input in this manner allows an easy
“convert on demand” interface to be used. The converter
may be held at idle in Auto-Zero with Run/Hold low. When
Run/Hold goes high the conversion is started, and when
the STaTu$S output goes low the new data is valid (or trans-
ferred) to the UART — see Handshake Mode). Run/Hold
may now go low terminating Deintegrate and ensuring a
minimum Auto-Zero time before stopping to wait for the
next conversion. Alternately, Run/Hold can be used to mini-
mize conversion time by ensurmg that it goes low during
Demtegrate after zero crossing, and goes high after the
hold point is reached. The required activity on the Run/Hold
input can be provided by connecting it to the CLOCKS (-14),
CLOCK2 (-16) Output. In this mode the conversion time is
dependent on the inpuf value measured. Also refer to inter-
sil Application Bulletin A030 for a discussion of the effects
this will have on Auto-Zero performance.

if the Run/Hold input goes low and stays low during Auto-
Zero {Phase 1), the converter will simply stop at the end of
Auto-Zero and wait for Run/Hold to go high. As above, inte-

grate (Phase 1) begins seven clock periods after the high
level is detected.

Direct Mode

When the MODE pin is left at a low level, the data outputs
[bits 1 through 8 low order byte, see Table 4 for format of
middle (-16) and high order bytes] are accessible under
control of the byte and chip ENable terminals as inputs.
These ENable inputs are all active low, and are provided
with pullup resistors to ensure an inactive high level when
left open. When the chip ENable input is low, taking a byte

.ENable input low will allow the outputs of that byte to be-
come active (three-stated on). This allows a variety of paral-
lel data accessing techniques to be used. The timing re-
quirements for these outputs are shown under AC Charac-
teristics and Table 1.

It should be noted that these control inputs are asynchro-
nous with respect to the converter clock — the data may be
accessed at any time. Thus it is possible to access the data
while it is being updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the STaTuS output will prevent this.
Data is never updated while STaTuS is low. Also note the
potential bus conflict described under “Initial Clear Circuit-

y.
Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ICL7104 to digital systems, where
the A/D converter becomes active in controlling the flow of
data Instead of passwer responding to chip and byte
ENable inputs. This mode is specifically designed to allow a
direct interface between the ICL7104 and Industry-standard
UARTS (such as the Intersil CMOS UARTS, IM6402/3) with
no external logic required. When triggered into the hand-
shake mode, the IGL7104 provides all the control and flag
signals necessary to sequence the three (ICL7108-18) or
two (ICL7104-14) byies of data into the UART and initiate
their transmission in serial form. This greatly eases the task
and reduces the cost of designing remote data acquisition
stations using serial data transmission to minimize the num-
ber of lines to the central controlling processor.

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTIGLE OF THE CONDITION OF SALE,
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: Al typical valuas have been characterized but are nof tested.
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Entry into the handshake mode will occur if either of two
conditions are fuffilled; first, if new data is latched (i.e. a
conversion is completed) while MODE pin (pin 27) is high, in
which case entry occurs at the end of the latch cycle; or
sacondly, if the MODE pin goes from low to high, when
entry will occur immediately (if new data is being latched,
entry is delayed to the end of the latch cycle). While in the
handshake mode, data latching is inhibited, and the MODE
pin is ignored. (Note that conversion cycles will continue in
the normal manner). This allows versatile initiation of hand-
shake operation without danger of false data generation; if
the MODE pin is held high, every conversion (other than
those completed during handshake operations) will start a
new handshake operation, while if the MODE pin is pulsed
high, handshake operations can be obtained “on demand.”

When the converter enters the handshake mode, or when
the MODE input is high, the chip and byte ENable terminals
become TTL-compatible outputs which provide the control
signals for the output cycle. The Send ENable pin (SEN)
{pin 29) is used as an indication of the ability of the external
device to receive data. The condition of the line is sensed

. 6 E SOLID STATE 01 DEg3a875081 0010392 1 I

D1E 10392 D

T-51-10-90 .

T-51-10- 16

once every clock pulse, and if it is high, the next (or first)
byte Is enabled on the next rising CLOCK 1 (pin 25) clock
edge, the corresponding byte ENable line goss low, and the
Chip ENable/LoaD pin (pin 30) (CE/LD) goes low for one
full clock pulse only, returning high.

On the next falling CLOCK 1 clock pulse edge, if SEN
remains high, or after it goes high again, the byte output
lines will be put in the high impedance state (or three-stated
off). One half pulse later, the byte ENable pin will be cleared
Ei_g_h, and (unless finished) the CE/LD and the next byte

Nable pin will go low. This will continue until ali three (2 in
the case of the 14 bit device) bytes have been sent. The
bytes are individually put into the iow impedance state i.e.:
three-stated on during most of the time that their byte
ENable pin is (active) low. When receipt of the last byte has
been acknowledged by a high SEN, the handshake mode
will be cleared, re-enabling data latching from conversions,
and recognizing the condition of the MODE pin again. The
byte and chip ENable will be three-stated off, if MODE is
low, but held high by their (weak) pullups. These timing rela-
tionships are illustrated in Figure 12, 13, and 14, and Table
2.

SINTERSIL

INTEGRATOR \l/m
N Nzrocromma
v S e B 1

M=mm

HiGH IYTe — =" "DATA VALID HBER, MBER, CBEN| ™ | .
B -
Low oA DATA VALID
[BER \ -————
Lowerme «{__oatavaup -

mememe = THREE-STATE HIGH MWIPEDANCE

Figure 12: Handshake with SEN Held Positive

o= cde i THREE-STATE WiTH PULLUP
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INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
NOTE: All typical vakies have been characterized but are not tested.
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Figure 12 shows the sequence of the output cycle with
SEN held high. The handshake mode (Internal MODE high)
is entered after the data latch pulse (since MODE remains
high the CE/LD, LBEN, MBEN and HBEN terminals are ac-
tive as outputs). The high level at the SEN input is sensed
on the same high to low internal clock edge. On the next to
high internal clock edge, the CE/LD and the HBEN outputs
assume a low level and the high-order byte (POL and OR,
and except for -16, Bits 9-14) outputs are enabled. The
CE/LD output remains low for one full internal clock period
only, the data outputs remain active for 1-¥, internal clock
periods, and the high byte ENable remains low for two clock
periods. Thus the CE/LD output low level or low to high
edge may be used as a synchronizing 5|gnal to ensure valid
data, and the byte ENable as an output may be used as a
byte identification flag. With SEN remaining high the con-
verter completes the output cycle using CE/LD, MBEN and
LBEN while the remaining byte outputs (see Table 4) are
activated. The handshake mode is terminated when alt
bytes are sent (3 for -16, 2 for -14).

Figure 13 shows an output sequence where the SEN in-
put is used to delay portions of the sequence, or hand-
shake, to ensure correct data transfer. This timing diagram
shows the relationships that occur using an industry-stan-
dard IM6402/3 CMOS UART to interface to serial data
channels. In this interface, the SEN input to the ICL7104 is
driven by the TBRE (Transmitter Buffer Register Empty)
output of the UART, and the CE/LD terminal of the ICL7104
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drives the TBRL (Transmitter Buffer Register Load) input to
the UART. The data outputs are paralleled into the eight
Transmitfer Buffer Register inputs.

Assuming the UART Transmitter Buffer Register is empty,
the SEN input will be high when the handshake mode is
entered after new data is stored. The CE/LD and HBEN
terminals will go low after SEN is sensed, and the high order
byte outputs become active. When CE/LD goes high at the
end of one clock period, the high order byte data is clocked
into the UART Transmitter Buffer Register. The UART
TBRE output will now go low, which halts the output cycle
with the HBEN output low, and the high order byte outputs
active. When the UART has transferred the data to the
Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next ICL7104 inter-
nal clock high to low edge, the high order byte outputs are
disabled, and one-half internal clock later, the HBEN output
returns high. At the same time, the CE/LD and MBEN (-16)
or LBEN outputs go low, and the corresponding byte out-
puts become active. Similarly, when the CE/LD returns high.
at the end of one clock period, the enabled data is clocked
into the UART Transmitter Buffer Register, and TBRE again
goes low. When TBRE returns to a high it will be sensed on
the next ICL7104 internal clock high to low edge, disabling
the data outputs. For the 16 bit device, the sequence is
repeated for LBEN. One-half internal clock Iater, the hand-
shake mode will be cleared, and the chip and byte ENable
terminals return high and stay active (as long as MODE
stays high).
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Figure 13: Handshake — Typical UART Interface Timing
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With the MODE input remaining high as in these exam-
ples, the converter will output the results of every conver-
sion except those completed during a handshake operation.
By triggering the converter into handshake mode with a low
to high edge on the MODE input, handshake output se-
quences may be performed on demand. Figure 14 shows a
handshake output sequence triggered by such an edge. In
addition, the SEN input is shown as being low when the
converter enters handshake mode. in this case, the whole
output sequence is controlled by the SEN input, and the
sequence for the first (high order) byte is similar to the se-
quence for the other bytes. This diagram also shows the
output sequence taking longer than a conversion cycle.
Note that the converter still makes conversions, with the
STaTuS output and Run/Hold input functioning normally.
The only difference is that new data will not be latched
when in handshake mode, and is therefore lost.

Initial Clear Circuitry

The internal logic of the 7104 is supplied by an internal
regulator between V + + and Digital Ground. The regulator
includes a low-voltage detector that will clear various regis-
ters. This is intended to ensure that on initial power-up, the
control logic comes up in Auto-Zero, with the 2nd, 3rd, and
4th MSB bits cleared, and the "“mode” F/F cleared (i.e. in
“direct” mode). This, however, will also clear these regis-

ters if the supply voltage “glitches” to a low enough value.
Additionally, if the supply voltage comes up too fast, this
clear pulse may be too narrow for reliable clearing. In gener-
al, this is not a problem, but if the UART internal “MODE"
F/F should come up set, the byte and chip ENable lines will
become active outputs. In many systems this could lead to
bus conflicts, especially in non-handshake systems. In any
case, SEN should be high (held high for non-handshake
systems) to ensure that the MODE F/F will be cleared as
fast as possible (see Figure 12 for timing). For these and
other reasons, adequate supply bypass is recommended.

Oscillator

The ICL7104-14 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated as an RC or crystal oscil-
lator.

Figure 15 shows the oscillator configured for RC opera-
tion. The internal clock will be of the same frequency and
phase as the voltage on the CLOCK 3 pin. The resistor and
capacitor should be connected as shown. The circuit will
oscillate at a frequency given by f=.45/RC. A 50 - 100k
resistor is recommended for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 32768 (-16), 8192 (-14) clock periods is
close to an integral multiple of the 60Hz period.
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~
s Note that CLOCK 3 has the same output drive as the bit outputs.
8 As a result of pin count limitations, the ICL7104-16 has
1 only CLOCK 1 and CLOCK 2 available, and cannot be used
¢ asan RC oscillator. The internal clock will correspond to the

inverse of the signal on CLOCK 2. Figure 16 shows a crystal
oscillator circuit, which can be used with both 7104 ver-
sions. If an external clock is to be used, it should be applied
to CLOCK 1. The internal clock will correspond to the signal
applied to this pin.
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Figure 16: Crystal Osclilator 0346-20
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Because of the nature of the CMOS process used to fab-
ricate the ICL7104, and the multiple power supplies used,
there are certain conditions of these supplies under which a
disabling and potentially damaging SCR action can occur.
All of these conditions involve the V+ supply (nom. +5V)
being more positive than the V + + supply. If there Is any
possibility of this occuring during start-up, shut down, under
transient conditions during operation, or when inserting a
PC board into a “hot" socket, etc., a diode should be placed
between V+ and V ++ fo prevent it. A germanium or
Schottky rectifier diode would be best, but in most cases a
silicon rectifier diode is adequate.

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of 1CL8068 or ICL8052/7104 circuits, especially in
16-bit and high sensitivity circuits. It is most important that
return currents from digital loads are not fed into the analog
ground line. A recommended connection sequence for the
ground lines is shown in Figure 17.

APPLICATIONS INFORMATION

Some applications bulletins that may be found useful are

listed here:

AD16 “Selecting A/D Converters”, by Dave Fullagar

A017 “The Integrating A/D Converter”, by Lee Evans

A018 “Do’s and Dont's of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood

A025 “Building a Remote Data Logging Station”, by Peter
Bradshaw

A030 “The ICL7104 — A Binary Output A/D Converter for
Microprocessors”, by Peter Bradshaw

R005 “Interfacing Data Converter & Microprocessors”, by
Peter Bradshaw et al, Electronics, Dec. 9, 1976.
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PIN2 DEVICE PiN +5V SUPPLY BYPASS CAPACITOR(S)
Figure 17: Grounding Sequence 0346-21
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