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DATA ACQUISITION

Integrating Analog-to-Digital Converters for Display

Maximum Elsctrical Specification at 25°C unless ctherwise noted,

Model ICL7136 ICL7137 ICL7135 ICL7129 ICL7106/1CL7116 IELY107/1CLT11T
Resolution =3V Digit +3'% Digit + 4%, Digit +4': Digit + 3% Digit +3%2 Digit
Accuracy '
Non-Linsarity +=1 Ceuat =1 Count +1 Count =1 Count =1 Gount 1 Count
Zero Input Keading  =0.000 +0.000 +0.000 +0,000 =0.000 0,000
Ratiometric Reading  &1.000 =1.000 +1.,000 *0,9997 =1,000 =1.000
Viy = Vper +1 Count =1 Gount =1 Count +3 Counts =1 Count =1 Count
Rownver Erzor =] Gount *1 Count +1 Gount +1 Count =1 Count =1 Count
Stability
Offset vs. . : .
T‘emperature 1uV/°C 1V/°0 1u¥/oG 1u¥/°C 1uv/eC ClgWseg
Galn vs, : .
Temperature 5 ppm/°G 5 ppm/°G | 5 ppm/°C 5 ppm/2C 5 ppm/°C 5 ppm/°C
Conversion C.1tc3 01t03 011615 01to6 011015 01t 15
Time tonv/sec Conv/5ec conv/sec conv/sec conv/5ec cony/see
Analog Input ‘
Voltage Range +200mV to 2V +200mv to £2V +2¥ +200my to =2V . x200mV to =2V +200mY o =2V
impedance 10%Q - 10*0 102 10282 1020 10%:q
. Leakage Currant 2pA E 2pA 3pA 1pA 2pA 3pA
Noise (peak-to-peak) 15V typ. 15.V typ. 15V typ. 7uV typ. 15pV typ. 15pV typ.
Digital Input — — - Decimal Points. ' .
. Continuity Display Hold (7115)  Display Hold {7117}
Hold, Range Select )
Digital Qutpuls :
Format Direct 7 Segment Dirgct 7 Segment Multiplex 4%y Digit Triplexed  Direct Direct
LCD Display LCD Display 8CD LCD Display Drive 7 Segment 7 Segment
w/Decimal Points, LED Display LED Display
Logic Level AC:4.5Y AC:4.5V TTL/CMOS Low Battery and AC:4,5V Comm Anode .
Down from V+ Down from ¥+ ' Continuity Indicators Down from V+ DTL/TTL/CMOS
Power Supply
Voltage + 9y +5V +5Y + 9V +39v +5v
Current 100p4 20044 1.8mA 1.BmA 1.8mA 1.8mA
Package 40 pin DIP 40 pin DIP 28 pin DIP 40 pin BIP 40 pin DIP 40 pin DIP
*Also ovailable £ 70/111/114 (nat secommmended for new designs), ond KXLT126 (recommendsd use ICL7.136):
Integrating Analog-to-Digital Converters for Data Acquisition
Type Single Chip Two Chip System™=*
IELA0S2A/B068 ICLBESZA/ 8068
Moce! iCL7100 ICLT104-14 ICLT104-18
Rasalution £12.Bit Binary +14-8it &16:Bit
Acuracy 21 Count *1 Count 1 Count
Microprocessor Yes Yes Yes
Compatibie )
Cutput FProgrammable:” Programmable:
1. Latched parallel 1, Latched paraliel
3 state Binary 3 state Binary
2. Contralled 2, Cantroiled 2.8 it Byte for IEL7104-12/ 14
2+B bit bytes ) 3.8 Bit Byte for ICL7104-16
Conirnl Lines Run{Hald. Busy. Byte Enabtes. Mode, Load. Send.Enable. Dut of Range
Conversion 10ms 80ms 330ms
Time ) '
UART Comgpatibie . Yes Yes Yes
Naise {Typical) 15a¥ 2uV (8058) 2uV (8068
Input Gurrent 10pA 30pA (8052) 30pA {B052)
input Veltage +400mY to +100mY to ~200mV to
Range +41¢ +0v =V

***ICLBOS2/8068 and ICLBOS3 can be combined as analog portion of dual- slope A/D converter under xp control. See ICLB052/8068 and ICL 7104- 16
for periormance characteristics.
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Digital-to-Analog Converters*
Maximurm Elecirical Specification at 25°C unless otherwise noted.

- Madel’ IGLTI3AU/B  © 7185 486 AD7523: AD7533 ADTSZ0(7530) ADTERY (7531) ADT54

Resolufldn 14 bit 16 blf, A2 bit Bl 0t 10 bl 12 bit - 12bh
Kocuracy ' JIKAL a JK JreiL JIRAL J/RA JRL JPKIL
Linearity 0.01/0.006/0.003% 0.008/0.003% -  0.01% 0.2%/0.1%/0.05% 0.2%/0.1%/0.05% 0.02%/0.01%/0.05% 0.2%/0.1%/0.6%  0.02%/0.01%/0.01%
Zern Offisel . U 10mA - N 0my . ) R 50 pA 200 nA 200 nA (300 nA} 200 nA (300 n&) 40 nA
Full Scale Reaging  0.0D3% 0.04/0.02% PSR 0.04/0.02% PSR 1.5% max 1.4% 0.3% typ 0.3% typ 0.3%
Stability
Gain v,
‘Tamperature 5 ppm/ot 1 ppm/eG typ B pom/oC Wyp 10 ppm/eC 106 parm/°C 10 ppr/eC 10 ppm/ieC 10 ppm/el
Lingarity vs. . . .
‘famperature 1 ppm/eC 1 RpmACE typ 1-ppm/oC ivp 2 ppm/°C 2 ppm/og 2 ppmseg 2 epm/ o0 2 pprses
Sotting Time :
To 1/42°L58 09ustyp 3 ps - A0 150 ns 600 ns typ 500 ns typ 500 ns typ 1us
" Input Code DTL/TTL/GMOS - DTL/TTL/CMOS DTL/TTLAGMDS DTLATTL/GMOS DTL/TTL/CMOS OTL/TTL/GMOS DTL/TTLACMOS DTLYTTL/CMOS
Logic Compatiblilly  Blmary'{U); L -Binary: ot Blnary Binary Binary Blnary Alnary
option . * o 2's Compl (Bl 2's. } 2’5 O QOtfset Blnary Oitsat Blnary Offset Binary - -Qffset Blnary Olfset Blnary -
Pawar Supply .
Voltage +3.510 +6.0v 4,510 5.5 *4.510 5.5V +610 +16V +510 19V +510 +15Y +3 10 +15V . +5 1 +16vV
- Current emA 1.2mA . SmA 100 pA ) 2mA 2mA 2ma ZmA:

Pauk:ﬁu %E pin DIF 26 pln DIP 26 pin DIP 16 pln DIF 16 pln DIP 18 pin DIP - 18pin DiF . 18 pin DIP

~R2R Ladder Multiplying Type

Successive Approximation Analog-to-Digital Converters

Model ADCD8OT-4 IGL7115
Resolutien gbit 14 bit binary
Accuracy ‘=Wl LB . =Y: LSB
Microprocessor )
Compatble * Yes © Yes .
Ouiput Programmable: Programmable;
. 1. Latched parallel 3' 1. Two latched bytes
gtate Binary
) 2. One 8 bit byte 2. 15 bit parallet
Control Lines TS, RD.WR TS, RD, WR, AC, BUS
Conversion ’
Time 10045 40u5
UART Compatible Yas ) No
Input Voltage ' ‘

Range - 5V span ] 0-5Y

Quad Current Switches ICL8018/8019/8020

High $peed précision current switches for use in current summing ‘DfA converters, Can be purchased individually or in matched sets with accuracies of 0.01%
{ICLBO18), 0.1% (ICLA019). or 1.0% {ICLBO20) '

Sample and Hold ) .

Vanaicg ‘ laca™ Viniect™ Vos Drift

e (o) sy . Rate (m/sat)

145110 7.5 5 ] 40 -
145111 10 [ 5 40 5
H5112 . *7.5 8 5 0 5
|H5113 10 6 ] 109 5
IH5114 : 7.5 L} 3 5 5
IH5115 ) 210 ] 5 5 5

**Csrer = 0.01 uF

Monolithic Voltage Converter—The ICL7660

Converts positive voltage into négative over 2 range of + 1.5V through + 10y, May be cascaded for higher negative output volages, paratieled for greater output. Current. used
a5 a positive voltage multiplier, or any cambination of the above. Typicat supply current is 170 w A, and output source resistance is 551 at Ty = 25.C and'Iy = 20 mA
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FEATURES

MCS-48 and MCS-80/85 bus compatlble no inter:

facing logic required
Conversion time < 100us

Easy interface to all microprocessors,

Will operate “stand alone”

Differential analog voltage inputs
Works with bandgap voltage réferences
TTL compatible inputs and outputs

On-éhip clock generator

0V to 5V analog voltage input range (smgle +5V

supply)
No zero-adjust required

ADC0801-ADC0804
8-Bit Microprocessor
Compatible AID Converters

GENERAL DESCRIPTION

The ADCO801 family are GMOS 8-bit successive approxi-
mation AID converters which use a madified potentiometric
ladder, and are designed to operate-with the 8080A control
bus via three-state outputs. These converters appear to the
‘processor as memory locations or 1/0 ports, hence no inter-
facing logic is reguired. . .

The differential-analog voltage inpui has good common-
mode-réjéction, and pérmits offsétting the analog zero-input-
voltage value. In.addition, the voliage referance input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8§ bits of resolution.

The ADCO801 family is available in the mdustry standard 20
pin CERDIP package.

TYPICAL APPLICATION PIN CONFIGURATION
E§E : 20] v+ OR Vaer
- aps i 7 [2] 18] cLk A
| '20 i ckrl® © wa 3] [16] DBo (LSE)
_”—.30: we ck N ™ Lo e 77 cekn (1] pat
vl 1 'L'g“ A ‘ ' WA {5] -ancosp- [l PR
aly 12 M : ADCO804 |
: NS |« Dex 5 5-BIT RESOLUTION Vv [ | pBs
MPROACNEESDH Q::)‘a < 13 DB: Vii(+}—0| piFr | OVER ANY DESIRED i L] ]
£ 1 iy Lo INPUTS | ANALOS NPT ving-r [7] DB4
tra b - VOLTAGE RANGE T Es
¢ e L AGND |- aanp 2] 13] mes
T¢ 7 ga; Vrert2 |0 Vaeri2 wnertz (8] 12] DBs
L: 18 DB“) paND 10 = pano [} DBy (MSB)
TOP VIEW
. (Outline.dwg. JP) -
ORDERING INFORMATION
' TEMPERATURE ORDER
AR ERROR : PAC .
PART ~ RANGE KAGE NUMBER
ADCC801 +1/4 bit adjusted full-scale 0°Cto +70°C .20 pin CERDIP ADC0801 LQN
~40°C to +85°C 20 pin CERDIP ADC0801LCD
_ —55°C tp +125°C 20 pin CERDIP ADCOR0ILD
ADC0802 +1/2 hit no adjust 0°Cto +70°C 20 pin GERDIP ADC0802LCN
-40°C to +85°C 20 pin CEHD.IP' ADCDBD2LCD
—55°C to +125°C . 20 pin CERDIP _ ADCO0802LD
ADCDB03 4 1/2 bit adjusted full-scale 0°Cto +70°C 20 pin CERDIP ~ -ADCO0803LCN
. —40°C to +85°C 20 pin CERDIP ADC0803LCD
. —55°C to +125°C .20 pin.CERDIP ADC0803LD
ADC0804 =1 hit no adjust 0°C to +70°C 20 pinGERDIP. | ADGOBIZLCN.
| —4G°Cto +85°C 20 pin CERPIP ADCO804LCD
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ADC0801-ADC0804 | - BINTERSIL

ABSOLUTE MAXIMUM RATINGS OPERATING RATINGS.

SupplyVeoltage . ....... .o i "...85Y  Temperature Range Lo -
Voltageat Any!Input ........o0vvves —03vto(v+ +0.3v)  "ADC0804/02/03LD ...... e rreeeeaaa, -55°Cto +125°C
Storage Temperature Range............ —65°Cto +150°C ADCO801/02(03/04LCD . . . et oo . —40°C 10 +85°C
Package Dissipation atTa=+25°C ......ccunuts 875 mW. ADCO80102/03/04LCN . .. ..o v i vnes 10007010 +70°C
Lead Temperature (Soldering, 10seconds) .......... 300°C Supply VoltageRarge ............... e 45V106.3V

Stresses above those listed under “Absoiute Maximum Ratings” may cause permanent damage‘to the device. These are strass ratings only
and fungtional operation of the davice at these or any other conditions above those indicated in the operational sections of the specifica-
tions is not implied, Exposure to absolute maximum rating conditions for extended periods may.affect device: rshabmry

SYSTEM ELECTRICAL CHARACTERISTICS (Notes 1 and 7)

Converter Specifications: V' =BV, Vrgr/2 = 2.600V, Ty = Ta = Tipax and fg k = 640kHz unless ctherwise stated.

PARAMETER . TEST CONDITIONS MIN TYP - MAX UNIT
ADC0801:

Total Adjusted Error | With Full Scale Adjust ) 114 | LSB
ADC0802: - ) ) .

Total Unadjusted Errar Completely Unadjusted =112 LSB", ‘
ADCO803: 1 ' ' . i

Total Adjusted Error With Full Scale Adjust x1/2 LSB
ADCOBO4: . '

Total Unadjusted Errer Completely Unadjusted - =1 | -LsB
VRes/2 Input Resistance Input Resistance at Pin 9 1.0 ‘ 13 ] - ., k@
Analog input V6ltage Range (Note 2) ) | GND-005 ' . vie005 Y
DG Common-Mode Rejection Over Analog input Vcltage Range =116 = 1/8 LSB
Pawer Supply Sensitivity vt =5V +10% Over Allowed =116 +1/8 LSB

Input Voltage Range ) )

AC ELECTRICAL CHARACTERISTICS

Timing Specifications: v+ =5V and Ty= +25°C unless otherwise stated,

. PARAMETER SYMBOL TEST CONDITIONS ... MIN-. TYP | MAX | UNI'T_

Clack Frequency foLk vt gy (Note 3) ‘ o 160 640 ‘ 1280 kHz
_ - vt=sy ‘ 1100 | 640 | 800 kMz
Clock Periods per Conversion (Note 4) | toony 1 .| €8 .1 73 ‘
Conversién Rate In Free-Running Mode | CR INTR tied-to WR with : A 8888 ;‘f.:nnvfs
) TS =0V, fo i = B40kHZ . R
Width of WR Input (Start Pulse Width) RN C8=0viNotes) - 100 | ns
Access Time (Delay from Fallmg Edge of tage CL = 100pF (Use Bus Driver IC | 1235 | 200 . ns
R to Qutput Data Valid) for Larger G.) ’ SR ]
3-.SLate Control {Delay from Rising Edge. tihs ton G =10pF, RL=10k - -, o o185 | 280 | ns
of RD to Hi-Z Statel. . (See 3-State Test Gircuits) ) | DRI R
. —_— . i 4

Delay from Falling Edge of WR to twis try 300 |- 450 | ns
Reset of INTR . : I .- . . Co
Input Capacitance of Log«c Cin- : . : b | 2By TS | R
Control Inputs - - : I ' ’ o : b '
3-State Qutput Capacitance (Pata Buffers) Cauyr 5 75 pF
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ADC0801-~ADC0804 o - EINTERSIL
DC ELECTRICAL CHARACTERISTICS ' “ ‘

Digltal Levels and DC Specifications: V+ =5Vpe and Tuin £ Ta = Thax, unless otherwise noted.

_ PARAMETER | SYMBOL } TEST CONDITIONS MIN ] TYP LY UNIT
CONTROL INPUTS (Note 6) ‘ ‘ ' ‘
Logical "1" Input Voitage Vinn VT =5.25v 2.6 ' Y
" (Except Fin 4 GLK IN) : ’ [ :

Logical "0 Input Voltage - VinL V=478V i : - ’ 0.8 v

(Except Pin 4 CLK IN) )

GLK IN {Pin 4) Positive Going Ve . 27 : AN 3.5 v

Threshold Voltage .

GLK IN (Pin 4) Negative Going VK 15 1.8 2.1 v

Threshold Vollage i

CLK IN (Pin 4) Hysteresis [ v - 06 1.3 2.0 Y

1 (Ve — (V&L o

Logical “1" Inpui Current nHI Vi =5V 0.005 1 WA

(All Inputs)

Logical “0” Input Current IinLo Vin =0V -1 —0.005 A

(All Inputs)

Suppiy Current {Includes I+ foLk = 640k Hz, 1.3 2.5 mA

Ladder Current) ‘ Ta= +25*°Cand C5=HI i

DATA OUTPUTS AND INTR

Logical “0" Qutput Voltage VoL 1 1g=16ma [ ‘ ©04 Y

' : VF =475V
Logical “1" Qutput Voltage 1 Vou lp= — 360kA o 24 . "
V=475V

3-State Disabied Output Lo Vour=0V . -3 uh

Leakage {All Data Buffers) Vgur =5V 3 ph

Output Short Circuit Current ‘ Ty = +25°C . I
lsource Vour Short 1o Gnd 4.5 8 mA
lgink Vour Short to v* 9.0 16 ) mA

Note1: Allvoltagesare measured with respect to GND, uniess ctherwise specified. The separate AGND point should always be wired to
the DGND, belng caretul to aveid ground Toops. ’

Note2: For V- = V,N(.,;, the digital cutput cade will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram)
whieh will forward conduct for analog input voltages one diode drop below ground or one dicde drop greater than the vt supply. Be
careful, during testing at low v+ levels (4.5V), as high level anaiog inputs {5V)can causs this Input didde 10 conduct-especially at elevated
temperatures, and cause errors for analog Inputs near full:scale. As long as the analog Vyy does not exceed the supply voltage by more
than 50mV, the output code wili be correct. To achigve an absolute OV t&'5V input voltage range will therefore require a minimum supply
voliage of 4.950V over temparature variations, initial tolerance and loadjng. '

Note 3 With V* = BY, the digita! logic interfaces are no longer TTL compatible.

Note 4 With an asynchronous start pulse, up 108 clock periods may be required before the internal clock phases are proper to start the
sonversion process. o, .

Note 5 The G8 input i§-dssumed to bracket the WR strobe inpuf so that timing is dependent on the WR pulse width. An arbitrarity wide
pulse width wili hotd the converter in areset modeand the start of conversion is initiated by thelow to high transition of the WR pulse (see
Timing Diagrams), ) .

Note 6: CLK IN (pin 4) is the input of a Schmiit trigger circuit and is therefore specified separately.

Note7: Noneof thase A/Ds requires a zero-adjust. However, if an all zeto code is desired for an analog input other than 0.0V, or if anarrow
full-scale span exists (for example: 0.5V to 4.0V full-scale) the Vi input can be adjustéd to achieve this, See Zero Efror below.
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ADC0801-ADC0804

TYPICAL PERFORMANCE CHARACTERISTICS

CLK IN THRESHOLD VOLTAGE {V} LOGIC INPUT THRESHOLD VOLTAGE (V)

{mA)

QUTPUT CURRENT

FULL-SCALE ERROR (L&Bs)

Logie Input Threshold Voltags

vs Supply Veltage
1.8 -
) =55°C = Ta = +126°CY| |
1.7 T
. e o
16 g -
1.5 —
i A
g
14
1.3
450 475 5.00 5.25 5.50
V* —BUPPLY VOLTAGE (V)

CLK IN Schmitt Trip Levels

vs Supply Voltage
3.5
| I
a1 at
[V k1 1
27 [
—55°C = Ta = +125°C
23
- grar]
19 kgl =t

15 L "

’ 450 475 500 526 580

Vi —SUPPLY VOLTAGE (V)

Eul1-5cé|a Error vs fg k

7 : y
6 7
v+ =45y
5
. 7
a At
7
2 v =5V
1 — -
T
0= TR =y
0 40D 800 1200 1600 2000

feLk (kHz}

) Ou.tput Current vs
Temperature vs-Vgi/2-Voltage

B
=]
. L
7 DATA OUTPUT-{
g BUFFERS  —]
8 A 1Ll
T
— N[ IsouRce - 1
5 R TRYBUT =24V 1—
4 | I~
[t
3 —ISINK ~ ol
Vour =0.4V

2
—-50-25 0 25 50 75 100 125
Ta—AMBIENT TEMPERATURE (°C)

OFFSET ERROR (LSBS)

POWER SUPPLY CURRENT (m4)

DELAY ins)

foLk (kHz2)

 BINTERSIL

Delay From Falling Edge of
RD to Output Data Valid
vs$ Load Capacitance

500
400
300 ]
200 —
”
>
100 —
0 200 400 600 800¢ ;000 .
LOAD CAPACITANCE {pF} -
foLk vs Clock Capacitor .
1000 r— T .
\ IS
N \ R =10k
\\ \
PN LK \

\\\
)

TTICONIN
100 Fafﬁulh&( \'\":\ﬂl'

" 10 Soqen 1000
CLOCK CAPACITOR (pF)
Efféct of Unadjisisd
Offset Error
46 i g
HVin( +) = Vin( —} = OV,
14— ASSUMES Vos = 2mV.
12 [ THIS SHOWS THE NEED
[} |FOR A ZERO ADJ. IF
16 X THE SPAN IS REDUCED.
]
&
4
2
o ) -
0.01 0.1 10 5
VRer/2 (V)
" Power Supply Current
. vs Tempeérature
1.8 LU
feuk =Ba0kHz
15 [P VI+I A ;v_
14 A &
Reu HFH
13 [ty =5 gy
12 = T ]
o
14 B —4.5v-_ _
10 [ 111

+50~25 0 25 80 75 w0 125
Ta—AMBIENT TEMPERATURE (°C)



ADCO801-ADC0O804
3.STATE TEST CIRCUITS AND WAVEFORMS

LT S tipe G =10pF tn -

2.4V —
RD
, 0.8v
‘ W DATA - o —
A Yo" 90% OUTRUT  para
QUTPUTS : OUTPUTS ¥ 10
o ‘ vou 10%

Start Conversion

s AWt [—

ACTUAL INTERNAL L | g “BUSY” — :
STATUS OF THE : X baTa IS VALIDIN
woreusytf o o ‘

GONVERTER R UTPUT LATCHES

INTR o 4
(LAST DATA WAS NOT AEAD) _ / :

1TO 8 x ek ! ——INTERNAL'TC

(LAST DATA WAS READ)

Outpui Enable and Reset INTR

TNTR RESET

DATA_ __
oUTPUTS

(HL-Z)
==Yy oh

Note: Al} timing is measured from the 50% voltage ﬁ_o]nts'. ‘
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ADCO0801—ADCO804
UNDERSTANDING A/D ERROR SPECS

A petfect AID transfer characteristic (staircase waveform)is

shown in Figure 1a. The horizontal:-scale is-analog input
voltage and the partioular points labeled are in steps of 1L.SB
(19.53mV with 2.5V tied.to the Vpgp/2 pin).. The digital output
codes which correspond to these inputs are:shown as D— 1,

D,.and D+ 1. For the perfect A/D, not enly wilt cente_r-value,

(A~1,A; A+1,...) analog inputs produce the correct output
digital codes, but also each riser (the transitions between ad-

jacent output codes) will be located =1/2 LSB away from .

each center-value, As shown, the risers are ideal and have no
width: Correct dlgital output codes will be provided for a
range of analog input voltages which extend 1/2 LSB from
theideal center-values. Each tread (therange of analog input
voltage which provides the same digital output code) is
therefore 1 LSB wide,

Figure 1b shows the worst case transfer function for the
ADGCORO1. All centervalued inputs are guaranteed to produce
the correct output codes and the adjacent risers are guaran-
teed to be no closer to the centervalue points than +1/4 LSB.

Transfer Function

MGITAL QUTPUT-CODE

A~
ANALOG INPUY (Vin}

A A4

RINTERSIL

-In other wards, if we apply an analog input equal to the

centervalue +1/4 LSB, the A/D will produce the correct
digital code. The maximum range of the. position of the code
transition is indicated by the horizontal arrow and lt is
guaranteed to be.no.morethan 1/2 LSB.

The error curve of Figure 1c shows the worst case transfer
function for the ADCOBOZ. Here the specification guarantees
that if we dpply ap analog input equal to the LSB analog
voltage centervalue, the A/D will produce the correct digital
code.

Next to each transfer function is shown the correspondlng er-
ror ptot. Notice that the error includes the quantization uncer-
{ainty of the A/D. For example, theerror at point 1 of Figure 1a
is +1/2'LSB because the digital code appeared 1/2 L'SB in ad-
vance of the center-value of the tread. The erfor plots always
have a constant negative slope and the abrupt upside steps
are always 1 LSB.in magpnitude, unless the device has miss-
ing codes.

Error Plot

+1LSB

+ 12 LSE

ERROA
(=]

~1f2 LS8

-1z L

ANALOG INPUT (Viny

a) Accuracy = = OLSE; A Perfect A/D

Transfer Function

OIGITAL OUTPUT CODE
o

r
1 1
[
I 1
! ]
A-1 A A+

ANALDG.INBUT {Vin)

b) Accuracy= +1/4LSB

Transier Function

=
+

o
E

DIGITAL DUTPUT CODE
o

A=1
ANALOG INPUT (Ving

A A+t

©) Accuracy= =1/2 1.SB

Errar Plot

+1L88
+IALSB
-+ N2 LSB |

EAROR
L=

- 2LSB -
—3ALSB
-1LsB

A-1 A A+1
ANALOG INPUT (Vin)

Error Plot
+1L5B
B i ) \
o .
S h 5 -LUANT
= 0 -
ERROR
B { | q l
|
e — — _I_ —f——r _—-—
| 3 -
: | S
1138 L 2 |
A-1 A A+

ANALOG INPUT (Vin)

Figure 1. Clarifying the Error Specs of an A/D Gonverter '
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ADCO0801—ADC0804
FUNCTIONAL DESCRIPTION

A functional diagram of the ADC0801 series of A/D.con-
verters is shown in Figure 2. All of tHe package pinduts are
shown and the major logic control paths.are drawn in heavier-
weight lines. The device operates on the successive approx-
imation principle (see AO1E and A020 for a more detailed
description of this principle). Analog switches are closed se-
quentially by successive-approximation logic until the
analog differential input voltage [V|N(+)—V|N(_)1 matches a
voltage derived from a tapped resistor string across the
réfererice voltage: The most significant bit is tested first and
after 8 comparisons {64 clock cycles), an E-bit binary code
{1111 1111 = full- scale) is transferred to an output latch.

The normal operation proceeds as follows Qn the highto-
_ low transition of the WR input, the internal SAR fatches and

the shift-register stages are reset, and thie TNTR output wili be
set high. As long-as the €S input-and WR irput remain. low,
the A/D will remain in a resét state. Conversion will start from
tito 8 clock periods after at least one of these inputs makes a
lowto-high transition. After the requisite number of clock
pufses to compiete the conversion, the INTR pin will.make a
high-to-low transition. This can beé used to interrupt a proc-
essor, of otherwise signal the availability of a.new conver-
sion. A RD. operation (with 5 {ow) will clear the TNTH line
high again. The device may be operated in the fre freessunning
mode by connecting INTR to the WR input with TS=0.Toen
_sure start:up under‘all possible conditions, an external WR
pulse is required during the first power-up. cycle. A conver-
sion-in-process can be interrupted by issuing.-a second start
command.

READ
“1" ~ RESET SHIFT REGISTER
149" = BUSY AND RESET STATE RESET
INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT
PL CLK
TOINTERNAL l v
CIRCUITS :
BV =30V
DFF1
START FIF Q
CLK 'B__l \  START
¥ .| CONVERSION
Vo2 « v Mgl
{VREF) < | SBIT
< SHIFT
« 4— REGISTER
0 % LADRER | SUCCESSIVE | _|-1F RESET =10
VRer/2 O ! —»| AND T APPROX Rje—
PECODER [* REGISTER — RESET
« AND LATCH {g—]
bl ¢ INTR FIF
o 4_—
| bac ‘ LSB _Q
AGND _ 8 VouT N b ’
— . CLK A
- v ,_l.‘r.
D
DFF2
Q
Ving+} € g YYYYYVYVYY
:  XFER ;‘ —
. 3-STATE < \ G2 SEY
Vin-) O~ OUTPUT LATCHES | —
W TITT0 0 | —=N—
—_— = .. iNTI
1121314 1516 1718, | [Gowy. comec
DIGITAL OUTPUTS 1
3.STATE CONTROL — =—gx
“17 = QUTPUT ENABLE

Figure 2. Biock Diagram of ADCUBO1-ADC0B04
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Digital Details o .

‘The converter is started by having €5 and WR siriultaneous-
ly low. This sets the start flip-flop (FIF) and the resulting 1"
level resats the 8-bit shift register, resets the Initerrupt (INTR)
FIF and inputs 2“1 to the D flip-fiop, DFF1, which Is at the in-
put end of the 8-bit shift register. Internal clock signals then
transfer this “1" to the @ output of DFF1. The AND gate, G1,
combines this “1” output with a cleck signal 1o provide a
reset signaf to the start F/F. If the set signalis no Ionger pres-
ent (either WRorCs is.a “1"), the.start F/F is.reset and the
Bbit shift register then- can have.the 1" clocked in, which
starts the-conversion process. If the set signal were tostrll be
present, this reset. pulse would have.no effect (both outputs
of the start F/IF would be at a “1” level) and the 8-bit shift
register would continue to be held in the e reset mode. This
allows for asynchranous or wide cs, and- WR signals.

Afterthe “1" is clocked through the 8-bit shift register (which
completes the SAR operation) it appears as the input to
DFF2. As soon ag this “1" is putput from the shift register, the
AND gate, G2, causes the new digital word to transfer to the
3-state output latches. When DFF2 is subsequernitly clocked,
the Q output makes a high-to-low transition which causes
the INTR F/F ta set. Aninverting buffer then supplies the INTR
output signal.

When-data is to be fead, the oombmatlon of both GS and AD
beiry low will cause the INTR F/F to be reset afid the 3-state
output latches will he enabled to provide the 8-bit digital
outputs.

Digital Control inputs
The digital control inputs (CS, AD, and WR) meet standard

T2L logic voltage levels. These signals are essentially -

equivalent to the standard A/D Start and Output Enable con-
trol signals, and aré active lowtd allow an éasy interface to
microprocessor control’busses. Fof nen-microprocessor
based applications, the CS input {pin 1) can be grounded and
the standard A/D Start fumction obtained by an active low
pulse at the WR input {pin 3). The Output Enable function is
achieved by an active low-pulse-at the RD input {pin 2).

Analog Operation

The analog comparisons are performed by a capacitive
charge summing circult. Three capacitors (with precise
ratioed values) share a common node with the input to an
auto-zeroed comparator. The input capacitor s switched be-
tween Vg and Vi, while two ratioed reference capaci-
tors are switched between taps on the reference voltage
divider string. The net charge corresponds to the weighted
difference between the input and the current total value set
by the successive approximation register. A correction is
made to offset the:comparisen by /2 LSB (see Figure 1a).

Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D gains considerable applizations flexibility from the
analog differential voltage input. The Vin(—y input (pin 7) can
be used to autamatically subtract a fixed voltage value from
the input reading (tare correction). This is also useful in
4mA-20mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.

441
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The time interval between sampling iy and Ving is 4%
clock periods. The maximum srror voltage due to this sllght
.tlme difference between the mput voltage samples-is glven
by o

AVe(MAX)=(\(p) (Zvrfcm)( A5 ) '
fork
where ; Lo -

L‘.Va is the error voltage due to sampling delay
Vais the peak value of the common-mode voltage . .
fem Is the common-mode frequency

For example, with a 80Hz common-mode fregoency: foms a_nd
a B640kHZ AlD .clock, fg i, keeping this error to 1/4 LSB
{= 5mV)would allowa common-mode valtage, Vp, given by
[ﬁVel MAX) (for il
2wty (4.5)

or . )
_ (6x10-9) (840:x 109 1.8V
p=" " " L
__ 628y (60) (4.5)

The, allowed range of analog 1nput voltages usually places | 4

mote .severe restrictions on lnput common.mode voltage
lavels than this. .

Ananaloginput voltage v.uth areduced spanand a relatwely
large zero offset can be €asily handled by making use of the
differential input (see Reference Voltage Span Adjust), N

Ahalog lnput Current

The internal switching action ¢auses displacement currents
to flow at the analog inputs. The voltage on the on-chip
capacitance-to:ground is'switched through the analog dif-
ferential .input voltage, resuiting in- proportional currents
entering the Vi, input and leaving the Vin(—) Input. These
current transients coour at the leading edge of the internal

clocks. They rapidly decay and do niot inherently cause errors

as the.on-chip.comparator is strobed.at the end of the clock
period. . .

: . V-
i

Input Bypass Capacitors

Bypass capacltors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping ac-
tion is worse for continuous conversions with the V,NH) input
voltage at full-scale. For a 640kHz-clocK frequency with the
Ving4) Input at 5V, this DGcurrent is at a maximum of approx-

. imately 5zA. Thérefore, ‘bypass capacitors should not be
_used at the analog inputs or the Vpee/2 pin for high resistance

sources (>1kn). If input bypass capacitors are necessary for

noise filtering and high source resistancé is desirable to

minimize capacitor size, the effects. of the voltage drop

across this input resistance, due to the average value of the”
input current, can be compensated by a full-scale adjustment

while the given source resistor-and input bypass capacitor

are both in place. This is possible because the average value

of the input current is a precise linear function of the differen-

tial input voltage at a constant conversion rate.
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Input Source Resmtance S

Large values of source restslance where an lnput bypass
capacitor is not used, will not cause errors since the input
currenis settle out prior to the comparison time. |f alow-pass
filter is required in the system,usea Iow-valueseries resistor
{=1kD) for a passive RC séctiohor add an op-ainp RG-active
low-pass filter. For low-Source-resistance applications,
(=1kR), a 0.14F bypass capacitor at the inputs witl minimize
EM! due to the.series lead indugtance of along wire. A 1000
series resistor éan be used'to |solate this capamtor{both the
R and C aré placed outside the feedback loop) from the out-
put of an op amp, if used:

, Stray Plckup

-The leadsto the analog mputs{pms 6 and 7)should be kept as
short.as possible to minimize:stray.signal pickup(EMI). Both

 EMI and undesired digital-clock ceupling to these inputs can
cause system errors. The source reésisfance for these inputs
should, in general, be kept below 5kQ. Largervaluas of source
resistance can cause undesired signal pickup. input bypass
capacitors, piaced from the -analog inputs. to ground, will
sliminate this pickup bui can create analoy scaie errors as
these capacitors will average the transient input switching
currents of the A/D (see Analog Input Current). This scale er-
for depends én both a large sousce re5|stance and the use of
an‘input bypass capacitor: This arror ¢an be compensated by
a full-scale adjustment of the A/D (see Full-S¢ale Adjust-
ment) with the source resistance and-input bypass capacitor
in place, and the. des;red conversion.rate,

Reference Voltage Span Adjust

For maximum application fiexibility, these A/Ds have been
designed to accommodate a.5V, 25V oran ‘adjustedvoltage
reference. This has been achleved in the design of the IC as
shown in Flgures ;

Notige thatthe reference voltage for the 16 is edher 112 of the
veltage'which is.applied tothe. W+ supply-pin;or is.egualto
. the voltage whlch is externally forced at the- VREFlz pin: This

V* WREF)

|20

| | eisiTaL
‘| circutTs

| anaros
CIRCOITS

" DGND[10
C g

Figure 3. The Vaererence Design on the IC
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allows for a pseudo-ratiometric voltage reférence using, for
the V*+ supply,a 5V reference voltage. Alternatively, avoltage
less than'2.5V can be applied to the Vaee/2 Input. Thednternal
gain to the Vaee/2.inputis 2 to allaw this factorof2 reductlon
inthe reference voltage.

‘Such’ an ad]usted feference voltage can acconmimodate a
reduced span or dynamic voltage range of the analog input
voltage 1f the analog mpurvoltage wefe to range from (. 5Vio
3.5V, ifstead of OV tor 5V the span would be 3V, With 0.5V-ap-

‘ ‘Plied to the Vine) pinto absorb the offsét, the reference
voltage &an be'made equalto 142 of the 3V span or 1.5V. The

AID now will encode the Vin/y signal from 0.5V to 3.5V with
the 8:5V input correspondlng to zérg- and thé 35V input cor-
regponding to full-scale. The full 8 bits of resolution are

therefore’ applied over this réduced analog input voltage

range. The requisite’ aonnections are shown inFigure 4. For
expanded scale inputs, the mrcmts—of_ Figures 5 and 6 canbe

Aused.

‘VREF*

. Figure 4. Dllsattlng the Zero of the ADCDBD1 and )
Performing an Input Range.(Span) Adjustment

B
~

Q(VREF)
<107 R e
oo | N0

Vin(—)

Figure 5, Handling =10V Analog Inout-Ratlg'e

oY
(VHEFl
,
2R,
. ‘I Nt
’ Y R I N
oA —e—ViN) VL
ADCOBDI- |~ T 106F
- ADCOB04. :_]_: :
LT -
I—.VIN(:-)

.F'Igur‘e &, Handling %5V Analog-Input Range
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Reference Accuracy Requirements

The converter can be operated in a pseudo-ratiometric mode
or an absotute mode. In ratiometric converter applications,
the magnitude of the reéference voltages is a factorin both the
cutput of the source transducer and the output of the A/D )
converter and therefore cancels outin the final digital output
code. In absolute conversion applications, both the initial
value and the temperature stability of the reference voltage
are importani accuracy factors inthe operation of the AJD
converter. For Vaee/2 voltages of 2.5V nominalvalue, initial er-
rors of =10mV wilf cause conversion errors of £1LSBdueto
the gain of 2 of the Vpe~2 input. In reduced span applica-
tions, the initial value and the stability of the Vage2 input
voltage become even more important. For exampie, if the
span is reduced to 2.5V, the analog inputLSB voliage value is
correspondingly reduced fram 20MV{5V span} to 10mV and
1L5B at the Vggr/2 input becorhes 5mV. As can be seen, this
reduces the allowéd initial tolerance of the reference voltage
and requires correspondingly less absolute change with
temperature variations. Note that spans smaller than 2.5V
place even tighter requirements on the initial accuracy and
stability of the reference source.

In general, the reference voltage will require an initial adjust-
ment. Errors due to animproper value of reference voltage ap-
pear as full-scale errors in the A/D transfer function. IC
voltage regulators may be used for referénces if the ambient
temperaturje changes are not.excessive.

Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Vi IS iotground; a
zero offset can be done. The converter can be made to output
0000 0000 digital code for this minimum input voltage by bias-
ing the A/D Vi, input at this Viyn value (see Applications
section). This utilizes the dlfferenhal mode operation
of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the.Vy_y Input and applying a small magnitude
positive voitage to the V)., input. Zero error is the dif-
ference between the actual DC input voltage which is
necessary to just cause an output digital code. transition
from. 0000 0000 to 000D Q001 and the ideal 1/2 LSB value
(172 LSB = 8.8mV for Vg2 = 2.500V).

BINTERSIL

Full-Scale Adjust

The full-scale adjustment can be made by applying a differen-
tiaf input veltage which is 1% LSB down from the desired
analeg full-scale voltage range and then adjusting. the

- magnitude of the Vg2 input (pin ) for a digital output code
“which is just changing from 1111 1110 to 1311 $111. When off-

setting the zero and using a span-adjusted Vpge/2 voltage,
the full-scale adjustment is made by inputting Vi to the
Vin— Input of the A/D and applylng avoltage to the Vi, in-
putwhich i fs given by:

; Viax — V
Vin fS adj=Vigax— 1.5 [‘ MAZSE MIN)]A

where:
" Vimax= the high end of the analog input range
and

Vi = the low end (the offset zero) of the analog range.
(Both are ground referenced.)

Clocking Option

The clock for the A/D can be derived from an externaf source
such as the CPU clock or an external RC can be added to pro-
vide self-clocking. The GLK IN {pin 4) makes use of a Schmitt
trigger as shown in Figure 7.

Heavy capacitive or DC loading of the CLocK R pin should be
avoided as this will disturb normal converter. operation.
Loads less than 50pF, such as driving up to 7 A/D converter
clock inputs from a single CLK R pin of 1 converter, are al-
lovved. For larger clock line 16ading, a GMOS or low power T2L
buffer or PNP input logic shauld be used to minimize the
loading on the CLK & pin (do not use a standard T2L buffer).

Restart During a Conversion

If the A/D is restarted (G5 and WR go low and return high) dur-
ing a conversion, the converter is reset and a new ¢onversion
is started. The output data latéhis not updated if the conver-
sion in progress is not completed. The data from the pfevious
conversion remain in this latch.

Continuous Conversions

Inthis application, the T8 inputis grounded and the WRinput
is tied to the INTR output. This WR and INTR node should be
momentarily ferced to logic low following a power-up cycle to
insure circuit operation. See Figure 8 for details., :

s ~  ADCOBO1- '
. CLKR ADCOB04
L 19
R ¢ =1
< folk= 77rc
. | R=10kn
cLk g H—ISodpax :
c—=

F.igure 7. Self-Clacking the A/D
413
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_|_ L R 5V (OR VReF)"
160pF A5 Ny 2 ol
‘ ;7[_ - 2 RD CLKR —0—12 -
' O—WR - {LSB).DBI O |
JN.O. }?CL_KIN DB ?0
’ 6 INTR ADC0801- DB2 -;5—0
ANALOG O—O——Ving+) ADCOB04 - DBal——0 | pata
START INPUTSQ_Q_; Vi) DBs -0 [ OUTPUTS
- a|AGND DBsg %0
OTD VREF/2 D,Bs‘q,_l—o .
Ii,—‘DGND {MSB) DB7 |——0 |
Figure 8. Free-Running Connection
Driving the Data Bus erlng and Hook:Up Precautions

" This CMOS AID, like MOS mlcroprocessors ‘and memories,
will require a bus driver when the total ¢apacitance of the
data bus gets large. Other circuitry, which is tied to.the data
‘bus, will add to the total ¢apacitivé loading, even in 3-state
(high-impedante mods). Backplang bussing also greatly
adds to the stray capacitancé of the data bus. )

There are some alternatives available tothe designer o han-
die this problem. Basically, the capacitive loading of the data
bus slows down the response time, evén though DG speci-
fications are still met. For systems operating with a relatively

“slow GPU clock frequency, more time is availdble.in which to
establish proper logic level$ on the bus and therefore higher
capacitive loads can be driven (see Typical Performance
Characteristics).

At higher CPU clock frequencies time can be extended for /0
_reads (and/or writes) by inserting wait states (8080) or using
‘clock-extending circuits-(6800).

Finally, if time.is short ahd capacitiveloadirig is high, exter-
nal bus drivers must be used. These can be 3-state buffers
(low power Schottky is recommended, such as the 748240
series} or special higherdrive-cusrent praducts which are
designed as bus drivers, High-current bipolarbus drivers with
PNP inputs are recommended.

Power Supplies.

Noise spikes onthe V+ supply Ime can cause conversion er-
rors as the comparator will respond to this noise. A low-
inductance tantalum filter capacitor should be used close 1o
the converter V+ pin and values of 1uF or gréater are recom-
mended. If an unregulated voltage is available in the system,

a sdparate 5V voltage regulator for the converter (and other,

aralog circuitry) will greatly reduce digital noisg on the V+
supply. An ICL7663 can be used to regulate such a suppiy
from an input as low as 5.2V. -

Standard digital wire-wrap sockeis are not satlsfactory for
breadboarding this A/D converter. Sockets on PC boards can
be used. All legic signal wires and leads should be grouped
and kept as far away as possible from the analog signal
leads. Exposed leads to the analog inputs can cause
undesired digital ricise and hum pickup; therefore, shlelded
leads-may be necessary in many applications:

A single-point analog ground should be used whith' is
separate from the loglc ground points. Thé power Supgly
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground: Any Vree2 bypass
capacitors, analog input fiker capacitors, or input signal
shielding should be returned to the analog ground point. A
test for proper grounding is to measure the zero error of the
AlD converter. Zeroérrors in excess of 1/4L.8B can usually be
traced to Imiproperboard layout and wiring (see Zero-Errorfor
measurement). Further information ¢an be found in A018,

TESTING THE A/D CONVERTER

There are many degrees of complexity associated with
testing an A/D converier. One of the simplest tests is to apply
a'known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in

_ Figure 9.

Forease of testing, the Vree/2 {pin 9) should be supplied with
2.560V.and.a V+ supply voliage of 5.12V shouid be used. This

" provides an LSB value of 20mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090V (5.120 — 1%z LSB) should be applied to the
V,NH, pinwith the Vi, pin grounded. The value of the Vpgr2
mput voltage should be adjusted until the digital output code
is just changing from 1111 1110 to 1111 1111. This value of
Vree2 should then be used for all the tests.

4-14
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10KD
1906F o T e—osaz0v
E‘ Lt o,
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3
NOL
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7
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AGND
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8

Figure 9. Basic Tester for the A/D

VANALOG OUTPUT

DIGITAL VANALOG DIGITAL
ANALOG . ‘ ; INPUT OUTPUT
INFUT . ugn 10-BIT A/D UNDER
) . T DAC TEST |
100X ANALOG . . ) .
ERROR VOLTAGE Figure 11. Basic “Digital” A/D Tester.

Figure 10. A{D Tester with Analog Errer Output. This circuit can be vsed
t¢ generate “error plots’ of Figure 1.

The digital-output LED display can be decoded by dividing ,For example, for an cutput LED display of 10110110, the MS
the 8 bits into 2 hex characters, one with the 4 most- character is hex B (decimal 11) and the LS character is hex
significant bits (MS} and one with the 4 least-significant bits (and decimal) 6, so

{LS). The output is then interpreted as a sum of fractions

times the full-scale voltage: Vour= (1—1+ i) (5.12) = 3.64V.,
Vour= is'_(_'_LS (512 V. © .
SR ETIFT

Figures 10 and 11 show more sophisticated test circuits.
4-15 oo
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APPLICATIONS -

Interfacing MCS-48, and MCS-80/85 Processors

This converter has been designed to ditectly interface with
an MCS-80/85 microprocessor or system. Thie 3-state-output
capability of the A/D eliminates the need for a peripheral in-
terface device, although address decoding is still required to
generate the appropriate CS for the converter. The A/D can be
mapped inlo memory space (using standard memaory-
address decoding for C5 and the MEMR and MEMW strobes}
or it can be contralied as an /0 device by using the TG R and
O W strobes and decoding the address bits AD — A7 (or ad-

. EINTERSIL

dress bits AB — A15, since.they will contain the same &-bitad- -
dress information) to obtain the €S input. Using the /O space
provides 256 additional addresses and may allow a simpler
8-bit address decoder, but the data ¢an only be input to the ac-
eumulator. To make use of the additional memory reference
instructions, the A/D should be mapped into mernory space.
Ses AD20 for more discussion of memory-mapped vs l/C-
mapped interfaces. An example of an A/D in IO space is
shown in Figure 12.

Dc —b INT (13)
4 VO WE (27)*
< /O RO (25"
10k
—AAN
lo Cs L/ v+ %:l—osv _L'pr
Ly CLK R ?

L 0|WR (LSB) DBg :7 = 5 DB (13)

s CLKIN DBq 5 » DB+ (18)*
——o{INTR ADCO801- DBz :5 » DBz (1)
ANALOG O~ ——] int+) ADCOB04 DB p-DBa (9)"

INPUTS o prowvss KL DB » DBy (5)"
150 _I___f’— AGND DB} 4 DBs (18)"
o DBg ﬁ —» DB (20"
 DGND (MSE) DB p DB7 (7)"

‘ ' 5V
ouT v+
Ts : Bs - AD4s5 {36)
Ta Ba « AD14 (39)
8131 -

T3 ‘BUS B3 « ADy3 (38)
—1{ Tz COMPAHATOR Bz —d ADv2 (37)
T B4 < AD11 (40}

To Bg —aq AD1p (1)

”r

'the: Pin numbers for 8228 syster controller: others. are 8080A

Figure 12, ADCOB01 to 8080A GPU Interface
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The standard control-bus signals of the 8080 (G5, BD and
WE) oan be directly wired 1o the digital control inputs of the
AID, since the bus timing requlrements, toallow both starting
the converter, and outputting the data onto the data bus, are °
met. A bus driver should be used for larger micropracessor
systems where the data bus leavesthe PG board and/or must-
drive capacitive loads larger than 100pF

Itis useful to note that in systerms: ‘whereithe A/D converteris
1 of B or fewer /O-mapped devices, rio address-decodmg cir-
cuitry is necessary Each of the 8 address bits (AD 1o A7) can
be directly used as CS'mputs; ohefor each I.'O dewce

Interfaclng the Z- 80 and 8085

The Z-80 and 8085 control busses are-stightly chfferent from.
that of the 8080. General RD and WH strobes are: provided and -
separate memory request, MREG, and 11O request, IORQ,
signals have to be.combined with the generalized strobes to
pravide the appropnate signals. An advantage of operatlng
the A/D in 11O space “with the Z-80 is that thé C ‘CPU will
automatically insert one wait staté.(the RD and WH'strobes -
are extendad one clock period) to allow more time forthe /0
devices to respond. Logic to'map the A/D in IO space is
shown in Figure 13. By using MREQ in.place: of IORQ, a
memory-mapped conﬂgurahon results

Additional /O advantages exist as software DI‘WA foutines
are available and wsé ¢an be made of the output data transfer ~
which exists on the upper 8.address lines (A8 to A15) during
HO input instructions. For example, MUX channel selection
for the A/D can be-accomplished with-this operatmg_ mode.

The 8085 also provides a generalized RD and Wi strobe, with

an 10/M line to distinguish 1/0 and memory requests Thecir-
cuit of Figure 13 can again be used with IOII‘W in place of
IORQ for a memory-mapped interface, and an extra inverter:.
{or the logic equivalent) to provide IG/M for an VO-mapped
connection,

74032
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Interfacing 6800 Microprocessor Derivatives

__(‘65.02,‘ ete).

The controf bus for the 6800 rmicroprocessor derivatives does

" nof use the RD and WR strobe signals. Instead it employs a
.5ingle RW line and additiona) timing, if needed, can be de-
.:tived from the &2 clock: All VO devices are memory-mapped
. - 1hthe-6800-system, and-a special signal, YMA, indicates that
- the eurrent address is valid. Figure 14 shows an interface
schematic -where the A/D is memory-mapped in the 8800
“gystem. For simplicity, the S decoding is shown using 1/2

DMs0g2. Note that in many 8800 systems, an already decod-
ed &5 line is: brought out 1o the common bus at pin 21. This
can be tied directly to the €S pin of the A/D, provided that no
other devices are addressed at HEX ADDR: 4XXX or 5XXX.

' In Figure 15 the ADCUBO1 serles is interfaced to the MCEB00

micropracessor through {the arbitrarily chogen) Port B of the
MCE820 or MCB824 Peripheral interface Adapter {PIA) Here
the T8 pin of the AID is- grounded since the PIA is already
memory- mapped 6. the-MCB800 ¢ system and no CS decoding
is necessary. Alsonoticethat the A/D output datalines are con-
nected to the micreprocessor bus under program controt
through the PIA and therefore the A/D RD pin can be
grounded.

APPLICATION NOTES

Some. appi:cataons bulleting that may be found useful are

listed here:
A016 “Selecting A/D Converters,” by Dave Fullagar. .
A018 “Do's and Dont's of Applying A/D Gonverters” by
Peter Bradshaw and Skip Osgood.
A020 “A Cookbook Approach to High Speed Data Acquisi-
'tlon and' Mlcroprocessor Interfacing,” by Ed Sliger.
" A0S0 “The IGL7104==A ‘Binary Output A/D Converter for
_Microprocessors,” by Peter Bradshaw,
RDDE “ln‘terfacing Data Converters & Microprocessors,”
by Peter Bradshaw et ai, Electronics, Dec. 9, 1976.

S

| apcoso1-|
ADCos04 | -

* Figure T3. Mappiiig the A/D'as an O device for use with the ;87 CPU
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ADC0801--ADC0804
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. . RD CLK-F:“I. < ——osvie 123;

: ;_-_—;o'ﬁr‘ﬁ o (LSB) DBy 1—+Dn(33)[31]

~———]CLK N OBy ———-———»m (32)[29]

5O INTR  ADCO0801- 21:7] 1——-——~———+Dz(a1) K -

ANALDG O—1— — Vingsy  ADCO304 DBa M—-—-bDa(SO)[H]

INPUTS o — VN h DBy o D4 29 [321

A -;—'AG_ND . DBs -———-—NJ-.; (28} 130]

150pF <1 | fo i VReri2 . DBs ——-—---————bbsﬂ?) i

: /J7 T={DGNE . (MSB) DBy ——-—-—-PDT(ZG)[J]

' ‘—'*—'4 A2 (22) i341

2

2—o}—<asa

B i 13 - . o

o . A A (24) [M]

9 oMB0e2 |-—-O<——— Ais (25 133)

B |
——'—<VMA(5)[F]

'Notai Numbers in parentheses refer to MGB300 CPLi pmout : )
**Note 2 Nugmnbers or letters in brackets refer to standard MCBBDO system dommon bus code.

Figure14, ADCOBO1 to MCGSOO-CPU.I.nterIace

INTERSIL

18‘; CBy
4 19 CB2
AAN—
i =~ : MCEB20
12 &5 ~ v+ %g-osv_ |- (MCS6520)
RD CLKR : -
— 18- .
P l—%o WA 158) DBo|— :3 pipg; TIA
={CLKIN DBy [ rad e ’
“olIN7R  ADCOROI- DBa [ > PE:
ANALOG © = e ADCO804 DBs[- gl
INPUTS O Vi) DB Tig PB4
- AGND bBs L PBs
150pF 542
P T 0—190 VResi2 PBs | :g* PBs
DGND {(MSE) DBy »| PB7
’;7 -

~ Figure 15. ADCOB01 Yo MC6820 PIA Interface
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FEATURES

* Guaranteed zero reading lor 0 volis mput on aII' .

scales.

BINTERSIL

* True polarity at zero fof preclse nul] detection
1 pA typical input current.

*® 8 0 9

True differential Input and’ reference. . =
Direct display drive - no exlernal cornpo nts.-'

require

d. —'LCD ICL7106

— LED ICL7T107
Low noise - less than 15,V pi ‘
On-chip clock and reference. ‘..
Low power dissipation - |yp|ca||y Iess than 10mw "; o
No additional active circuits requ:r PR

Evaluation Kit available.

_GENERAL

' power 3%2-dig

ICL7106/7107
31.-Digit Single Chip
AID Converter

ESCR]PTION

The Intersil 1 L7106 and 7107 -are high performance, low
i it A.'D convertérs.containing all the necessary
active dewces on a single CMOS L.C. Included are seven-

L segment decoders dusplay drivérs, reference, and a clock.
i The7106 s des:gned to interface with a liquid crystal display

*(LGDy and includes a backplane drive; the 7107 will directly
. drive an instrument-size light emitting diode (LED) display.

The 7106 and 7107 briﬁg together an unprecedented

combinatién of high accuracy. versatility, and true economy.

S ngh accuracy like-auto-zero 1o léss than 10uV, zero drift of
- :.'_Iess than 1xV/°G, input bias current of 10 pA max., and roll-

pier errorof’less than.one count, The versatility of true differ-

- .- ential input and referenge i§ useful in al! systems, but gives
‘thé designer an.uncommon advantage when measuring load

" cells, straip.gauges-and.otheér bridge-type transducers. And
finally the true-economy of single power supply operation

(7108), enabllng a high pertormance panel meter to be built

wnth the addltlon of only 7 'passwe componentsand adisplay.

| e

. DISPLAY

(1

niu-u

INTERSIL T106

I

I

H_

TT

IGL7108 with Liquid Crystai Display

B

INTERSIL 7107

ICL7107 with LED Display

ORDERING INFORMATION PIN CONFIGU&ATION s
' o Posc2
c1 Cosca
Part Package Temp. Range Order Part # g 5 ?I;EiTHI
7106 40 pin ceramic DIP 0°C1o +70°C |IGL7106CDL £} o gg‘_ﬁ:;o
7106 40 pin plastic DIP 0°C 1o +70°C | ICLT106CPL = bt Seted
7106 40 pin CERDIP 0°C to +70°C 1GLT106CJL g: o a2 gICNDmMUN
7107 40 pin CERDIP 0°C tp +70°C IGL7107CJL ol BHinLe
7107 40 pin ceramic DIP 0°Cio +70°C ICL7107CDL = ‘;’;’ g:ff#
7107 4 pin plastic DIP 0°Cto +70°C IGL7107CPL EZ =y
7106 Kit | Evaluation kits contain IG, display, circull | FGL710BEV/Kit g S . (rew)
7107 Kit board, passive components and hardware. [ {CLT107EV/Kit 2 }E'g gg:
i ' (1000) AB4 :lca
(MINPL?S% (7105) (7107)
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ICL7106/ICL7107
ABSOLUTE MAXIMUM RATINGS

Supply Voltage
ICLT106,V*toV—....... P R e 15V
ICL7I07, VTH0GND L. e ia e +6V
ICL7107,V T10GND ... i i s ~aV
Analog Input Valtage (eitier input) (Note‘l} ....... vtiov-—
HeferencelnputVoltage (enhermput) e VtoV©
Clock Input ]
ICL7I06 .. ..o ve . el “TESTtoV™
L8 T 1 7 GNDtoV *

BINTERSIL

Power Dissipation (Note 2) .
Ceramic Package ........ ek e e a e wie s 1000mMW

PlasticPackage ...%.,..........,. s 800mwW
OperatingTemperature .........o0nnnn... 0°Cto +70°C
StorageTemperature ,............... =B5°Cto +160°C

Lead Temperature (Soldering,60sec) .......... .. B00°C

L]

Stresses dbove those listed under Absoluia Maximum Ratings may cause permanentdamage 10 the device. These are stress raimgsonly and functional operation of’
the devics at these or any other conditions above those Indicated In the operationz! sections of the specifications Is not implied. Exposure to absolute maximum

rating conditlons for extended periods may affect device rellability.

Nota 1: Input valtages may ‘exceed 1he supply voltages provided the |nput current is |imltad to £100uA.
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board

ELECTRICAL CHARACTEHISTICS (Note 3)

CHARACTERISTICS

_MAX

CONDITIONS MIN TYP ) UNITS
Zero Input Reading VIN = 0.0V -000.0 +000.0 +000.0 Digital Reading
Full.Scale = 200.0mV "
Ratiometric Reading VIN = VREF 900 . [ 99971000 | 1000 | Digital Reading
Veer = 100mV ‘ ) '
Rollover Error {Difference in [~V = V)N = 200.0mV -1 - +2 +1 Counts
reading for equal positive and
negative reading near Full Scale) - ]
Linearity (Max. deviation from Full's¢ale = 200mv =1 +.2 “+1 Counts
best straight line fit} or full scale = 2.000V
Common Mode Rejection Ratio - - | Vo= £1V, ViN.= 0OV, 50 AvAY
{Note 4) . |Full Scale = 200.0mV
Noise (Pk-Pk value hot exceeded ~ |Vin =0V : 15 Y
95% of time) | Full Scale = 200.0mV .
Leakage Current | Input V=0 1 10 pA
Zero Reading Drift ViN=0 0.2 1 " uvec
0® < Ta<70°C .
Scale Factor Temperature Vin = 199.0mV. 1 5 . ppm{°C
Coefficient |0° < Ta<70°C
{Ext. Ref. Oppm/°C) ] .
V+ Supply Curreni (Does not ViN=0 0.8. 1.8 mA
include LED current for 7107)
V=~ Supply Current (7107 only) 06 1.8 mA
Analog Common Voltage (with |25k between Common & 2.4 2.8 32 Y
respect fo Pos. Supply) : { Pos. Supply i
| Temp. Coeff. of Analog Common’™ * 25k} bietween Common & 80 ppm/eC
(With respect.to Pos. Supply) . {Pos. Supply :
7106 ONLY . . .‘V*_'to VT =9v 4 5 .6 \')
Pk-Pk Segment Drive Voltage, - |- . - P
Pk-Pk Backpiane Drive Voltage .
(Note 5) . : -
- 7107 ONLY V+ 5. OV .5 8.0 mA
Segmenit Sinking Cuirrent Segment voltage = 3V
{Except Pin 19) ‘
«{Pin 19-only} i 10 16 mA

Note 3: Unless otherwwe noted spemflcatlons applyio both the 7106and 7107 a1 Ta=25°C, fcmck-48kHz 7106 istested in the circuit of Figure

1. 7107 is.tested in the circuit .of Figure, 2.
Notea: Refer to “Differential Input" discusslon.

Note 5: Back plane drive is in phase with segment drlvefor ‘off' segment, 180° qut of phase for ‘on’ segment. Frequency is 20 times conversion

rate. Average DC component is less than 50mV.

421



ICL7106/ICL7107
TEST CIRCUITS
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Figure 2: 7107

DETAILED DESCRIPTION
ANALOG SECTION '

Figure 3 shows the Block Diagram of the Analog Section for into three phases. They are{1) auto-zero {A-Z), (2) signal inte-

the ICL7106 &nd 7107. Each measurement cycle is divided

LI
CHEF
Creet REF HI REF LO Cres— BUFFER ¥

————t [ & 3 -
| 34 % a5 ]
Loyt
v
I
1
1
| 10ua , S
| Az B L
| . :
|

grate {INT} and {3} de-integrate (DE).

TO DIGITAL SECTION

6.2V

COMPARATOR

INPUT
Low

_gm

v

1. Auto-zero phase '

- During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally
shorted to analog COMMON, Second, the reference
capacitor is charged to the reference voltage. Third, a
feedback loop Is closed around the system te ¢charge the
auto-zero capacjtor Caz to compensate for offset
voltages in the buffer amplifier, integrator, and
comparater. Since thecomparateris included inthe foop,
the A-Z accuracy is limited only by the noise of the
systern, In any case, the offset referred to the input is less
than 10uV.

2. Signal Intégraté phase

During signal integréte, the auto-zero loopisopened, the

internal short is removed, and the internal input high and
low are connected to the external pins. The converter
ther integrates the differentialveltage between INHI and

422

Flgure 3 Analag Section of 7106/7107

IN LG for a fixed time. This differential voitage can be
within.a wide- common mode range; within one volt of
either supply. If; on the other hand, theinput signal has
no return with respect to the converter power supply, IN
LO can be tidd to analog COMMON to éstablish the
correct common-mode voltage. At the end ofthis phase,
the polarity of the integrated signal is determined.

. De-integrate phase

The final phase is de-integrate, or reference integn.rate.
Input low is internally connected to analeg COMMON and
input high is connécted across the previously charged

 reference capacitor. Circuitry within the chip ensures

that the capacitor will be connected with the correct
polarity to ¢ause the integrator output to return to zero.
The time requited for the output to return-to zero is
proportional fo the input sngnal Specifically the digital
reading d|splayed is. 1000. i



ICL7106/ICL7107
Ditferential Input

The input can accept differential voltages anywhere within
the commen mode range of the imput amplifiet; 'or
specifically from 0.5 volts below the- positive supply to 1.0
volt above the negative supply. In thisrange the system hasa
CMRR of 86.dB typical. However, since the-integrator-also
swings with the common mode veltage, care must be
exercised to assure the integrator output does not.saturate.
A worst case condition would be.a large: positive common-
mode valtage with.a near full-scale negative differential input.
voltage. ‘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 applica-
tions the integrator swing can be reduced to less than the
recommended 2V full scale swing with little loss of accuracy.
The integrator output can swing within 0.3 volts. of either
supply without loss of linearity. See A032 for a dlscussmn
of the effects of stray capacitance.

Differential Reference.

The reference voltage can be generated anywhere within the
power supply vVoltage of the convérter. The main source of
‘common-mode- errof-is a roll-over voltage-caused by thé
reference capacitor losing or gaining charge fo stray
capacity on its nodes. If there is a large common mode
voltage, the reference capacitor can gain charge (increase

voltage) when called up to de-integrate a- posutwe signal but .

lose charge (decrease voltage) when called upto demtegrate
a negativé input signal, Thig dlfference in referencefor (+ or
) input voltage will give a roll-over -error. However by

selecting the reference capaciter large ‘enough in

comparisen to the stray capacitance; this errorcan be heldto
tess than 0.5 count for the worst case condition. (See
Component Value, Selection.)

Analog COMMON

This pin is included primarily to set the comrnon mode
voltage far battery operation (7108) or for any systém where
the input signals are floahng with respect to the power
supply. The COMMON pin sets a voltage that is approximatsly
2.8 volts more negative than the positive supply. ‘This is
selected to give a minimum end-of-life battery voltage of
about 8V, However, the analog COMMON has some 6f the’
attributes of a reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (>7V),
the COMMON voltage will have a.iow voltage coefficient
1.001%/%), low output impedance (=150), and a temperature
coefficient typically less than 80ppm/°C: :

The limitations of the @n-chip reference should also be

recognized, however. With the '7107, the internal heating
which results from the LED drivers can cause some

degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal éhip dissipation, and package
thermal resistance can increase noise near full scale from 25
uV to BOuVp-p. Also the linearity in going from a high
dissipation count such as 1000 (20 segments on) o a low
dissipation count such as 1111 (8 segments on} can suffer by

a count or more, Devices with a positive TG reference may

require several counts to pull out of an vverload condition,
This is because overload is a low dissipation made, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between overload and a non-
overload count as the die alternately heats and cools. All
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these problems are of course. eliminated if an external
reference is used.

The 7106, with its negligible dissipation, suffers from none
of these probféms. In ither case, an externat reference can
easily be added, as shown in Fig. 4.

v+ v’
v ] v 2 6Kl
REF HI B8 VOLT
_| ZEMER
REF LOf+ TIGET107 \
T106/7107 i : oL
bz S 1CL-5063
1.2V
AEF L E
COMMDN
v . .
() - &}

Figure 4: Lising an External Reference

Analog COMMON s also used as the input low return dur-
ing auto-zero and de-integrate. If IN LO is-different from
analog COMMON, a common mode voltage exists in the
system and is taken care of by the excellent CMRR of the
converter. However, in some applications IN LO will be set

- gt a fixed known vollage (power supply common “for in-.
. -stance), In this application, analog COMMON should be tied
- %10 the same point, thus removing the common mode voltage
"% from the corverter. The same holds true for the reference

voltage. If reference can be conveniently referenced to
analog COMMON, it should be since this removes the com-
man mode-voltage from the reference system.

Within the IC, analog' COMMON is tied to an N channel FET
that can sink 30mA or mofe of current to hold the voltage 2.8 -
volts below the positive supply (when a load is trying to pul}
the common line positivel. However, there is only 104 of
source current, so COMMON may easily be tied to a more
negative voltage thus over-riding the internal reference.

TEST

The TEST pin serves two functions.'On the 7106 it is coupled
to the internally generated digital supply through a 5000
resistor. Thus it can be used as the negative supply for
externally'génerated segment drivers such as decimal points

-or ariy other presentation the usermay wantto include on the

LCD display. Figures 5 and 6 show such an application. No
more than a 1mA load should be applied.

T108 TO LCD
INTERSIL DECIMAL POINT
171750

BP frr—r—|

TEST

B TO LCD
BACK PLANE

Flgure 5: Simple Inverter for Fixed Decimal Point




ICL7106/ICL7107

. .
_____ hl
vt oep \] !
| 1
i
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— T

7106 DEGIMAL L L oL

POINT D—'—] | POINTS
SELECT H

=D
_..lErs.I_‘ __j;\__a.

GND

Figure B: Exclusive 'OR' Gate for Decimal Point Drive

The second functien’ is a “lamp test”. When TEST is pulled
high (to ¥* all segments will be turned on and the display
should read - 1888. The TEST pinwill sink about 10mA under
these conditions.

" Caution:; on the 7106, in the lamp test mode, the segments

have a constant DG voltage {no square-wave) and may burn
the LCD display if leftin this mode for several minutes. -

DISPLAY FONT °

[y W
[ A

INTERSIL

DIGITAL SECTION

Figures 7 and 8 show the digital section for the 7106 and

7107, respectively. In the 7106, an internal digital ground is

generated from a B'volt Zener diode and a'large P channel

source. follower. This supply is made stiff to -absorb the

relative large capacitive currents when the back plane (BF)
voltage is switched: The BP frequéncy is the clock frequency’
divided by 800. For three readings/second this is a 60 Hz

square wave with a nominal amplitude of 5 volts. The

segments are driven at the same frequency and amplitude

and.are:in phase with BP when OFF, but out of phase when

ON. In all cases neghgibre DC voltage exists across the
segments.

Figure & is the Digital Section of the 7107. Itis identical to the
7106 except that the regulated supply and back plane drive
have been eliminated and the segment drive has been
increased from 2 to 8 mA, typical .for instrument size
common anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
drive capability or 16mA.

in both devices, the polarity indication is “on” for negative
analog inputs. If IN LO and IN Hi are reversed, this indication
can be reversed also, if desired.

BACK PLANE

_a

::;‘ IRENEANI . ,219

LCD PHASE DRIVER

TYPICAL SEGMENT OUTPUT

=

+200

Segn{enl

LATCH

Ouiput

|‘I‘housand |‘—! ‘Hundreds H H Units, I

Internal Dightal Ground

To Swiich Drivers

—_——————— _——

From Comparator Dutpul r————— = 1
- — vt
cLock :
‘ LOGIC CONTROL sov |
— ,\N\% 1E8T
Internat Digilal Ground . soofr |
v =iv_F |
|
|
. 2 |
. v
40 R X H-38 _ e
0sC1 Qs5C 2 Q5C 3

Figure 7: Digital Section 7106
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Figure 8: Digital Section 7107

System Timing

Figure @ shows the clocking -arrangement used in the 7106
and 7307. Three basic clocking arrangements can be used:

1. An éxternal oscillator connected to pir 40.
2. A crystdl between pins 38 and 40.
3. An R-C oscillator using all three pins.

T106/7107

:

1 1
1 ]
' |
! i
: COUNTER|
1 l
' i
! I
! |
. 5. J
CAYSTAL
EXTERMAL
OSCILLATOR AL NETWORK. 1t
L1}
TEST (7108)
or GNT (7107)

Figure 9: Clock Circuits

The oscillator frequency is divided:by four before it clocks
the decade counters. It is then further divided to form the
three convert-cycie phases. These are signal integrate (1000
counts), reference de-integrate (G-to 2000 counts! and auto-
zero {1000 to 3000 counts). For sighals less than full scale,
auto-zero gets the unused portion.of reférence deintegrate.
This makes a complete measure cycie of 4,000 (16,000 clock
pulses) independent of input voltage. Far three readings{
second, an osc:llalor frequency of 48kHz would be used.

To achieve maximum rejection of 60'Hz pickup, the signal
integrate cycle should be a muftiple of 80 Hz. Oscillator
" frequencies of 240kHz, 120kHz, B80kHz, 60kHz, 48kHz,
40kHz, 33 kHz, etc. should be selected.. For 50Hz
rgjection, Osciltator  frequencies. .of 200kHz, 100kHz,
8634 kHz, 50kHz, 40kHz, ett, would be suitabie. Note that

40kHz (2.5 readings'/seéond)'will_ reject both 50 and 60 Hz
{dlso 400 and 440 Hz).

COMPONENT VALUE SELECTION

425

1. Intégrating Resistor-

Both the buffér ampiifier and the integrator have a class A
output stage with 100uA of quiéscent current. Théy can
supply 20p A of drive current with negligible non-linearity.
Theintegrating resistor should belarge enough to remain
in this very linear region over the inpiit voltage range, but
small énough that undué leakage requirements are not
placed on.the PC board. For 2. volt-full scale, 470K() is
.near optimunt and similarly a 47K for a 200.0 m¥ scale.

. Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up
will not saturate the integratoir swing (approx. 0.3 volt
from either supply). In the 7106 or the 7107, when the
analog COMMONMN js used ag a reference, a nominal 22
volt full scale integrator swing is fing: Forthe 7107 with 5
voit suppliesand analog COMMON tied to supply ground,
a 3.5 to *4 volt swing is hominal. For three readings/
second (48kHz clock) neminal vaiues for Cint are 0.22uF
and 0.10uF, respectively. Of course, if different oscillator
frequencies are used, these values should be changed in
inverse-proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
it have low dielectric absdrption to prevent roll-over
arrors. While other types of capacitars are adequate for
this application, polypropylene ¢apacitors give
undetectable errors at reasonable cost,

. Auto-Zero Capacitor ‘ ,

. The size of the auto-zero capacitor has some mfluence on
the noise of the system. For 200 mV full scale where noise




ICL7106/I1CL7107
is very important, a 0.47, F é_apécito'r is recomme‘n:agd-.'ph
the 2 volt scale, a 0.047uF capacitor increases the speed

of recovery from overload and is adequate for noise on
this scale. o ’

4, Reference Capacitor ‘
A 0.14F capdcitor gives good results in most applicatiohs.
However, where a large common mode voltage existsil.e.

the REF LO pin is not at analog COMMON) and-a 200mV
scale is used, a larger value is required to prevent roli-

over error. Generally 1.0 xF'will hold the roll-overerrorto -

0.5 eount in this insfance, |
5. Oscillator Components

For all ranges of irequency a '100Kh .resistor: is -

INTERSIL

. and weighing systems with & variable tare are examples.

This offset reading can be conveniently generated by

- gonnecting the voltage transducer between IN HI and

- GOMMON and the variable (or fixed) offset voltage
~ between COMMON and IN LO. '

7. 7107 Power Suppiles

The 7107 is designed to work from 5V supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2
capacitors, and an inexpensive I.C. Figure 10 shows this
application. See ICL7660 data sheet for an alternative.

recommended and the capacitor is selectéd fromr the T
equation f =4%. For48kHz clock (3 readings/second}, C V¥ ose 1
= 100pF. : . o
; 0sSC 2

6. Reference Voltage osc s
The analog input required to generate full-scale output. - ot
{2000 counts) is: Vin = 2VRer. Thus, for tie 200.0mV and
2.000 volt scale, Vref should equal 100.0 mV arid 1.000 volt,
respectively. However, in many applications where the snnf-
A/D is connected to a ransducer, there will exist a scale - ‘i_
factor other than unity between the input voltage and the.
digital reading. For instance, in a weighing system, the . .
designer might like to have a full scale reading when the * Figure 10: Generating Negative Supply from +3v
voltage from the transducer is 0,882V, Instead of dividing
the input down to 200.0 mV, the designer shoild use the : S
input voltage directly and select VRge = .341V. Suitable .. In fact, in selected -applications.no negative supply is
values for integrating resistor and -capacitor would be required: The conditions to use a-single +5Y supply are:
120K and 0.22pF. This makes the system slightly 1. Theinputsignal.can be referenced to the center of the
quieter and also avoids a divider network on the input. common made range of the converter.
The 7107 with £5V supplies can accept input signals up ] . . :
to +4V * Another advantage of this sytem occurs when a 2. The signal is less than £1.5 volts.
‘digital reading of zero is desired for Vin # 0. Temperature 3. An external reference is used.

TYPICAL APPLICATIONS = . .

The 7106 and 7107 may bé used in a ‘wide variety of
contigurations. The: ¢ireuits which follow show some:of the

7108 an:ln 1 .
0SC 1
(113
08¢ 3
TEST
REF HI

REF LO
G REF
€ HEF]

COMMON
INHI
IN LG
wz
BUFF
INT
v
Gz
-]
A3
Ga [
BP TO BACK PLANE

TB0KIT
Sel VAge="100.0m¥
00pF
.t

- e

22Ki1.

SCILILILAL]

1K
Mo -

g AN —\y

= OIuF *

JLJT

1,

LRI
q4THL

%%

:

LT ]

}-TO DISPLAY

Figure 11: 7108 using the Internal reference. Values shown are for
200.0 miV full scale; 3 readings per second, floating Supply voltage
{9V battery). e '
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passibilities, and serve: fo ilustraté the exceptional versa-
tility of these A/D converters.

v
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08¢ 1
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C REF
‘COMMON
TNH
CINLD
a2
.+ BUFF A
e B :
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P }‘ro DISPLAY
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I_j='llgu‘ra 12 7107 using the internal reference, Values shown are for
200:0 mV fill 'scale, 3 readings per second. IN LO may be tied to

. aither COMMON for Inputsfloating with respect to supplies, or GND

for single ended inputs. (See discussion under Analog COMMON.)
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TYPICAL APPLlCATIONS. {Conid.}

7167 Tepind
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Figure 13:i 7107 with an éxternal band-gap reference {1.2V typeh IN
LO is tied-to COMMON,; thus establishing the correct common mode
voltage. if COMMON is not shorted to GND, the input voltage may
float with respect to the power supply and COMMON acts asa pre-
regilator jor the reference. If COMMON is shorted to GND, the input
is single ended (referred to supply ground) and the pre-regulator is
over-ridden.

10 ELE]
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Figure 15: 7106/7107; Recommended'component values for 2,000V
full seale.
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Figure 17: 7107 measuring ratiometric values of Quad Load Cell. The

resistor values within the bridge are determined by the desired

sensitivity.
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Ta pin 1

707 10

= [+1000 ]

. 08¢ 2
[+

- TEST

REF HI

REF LO
CREF

.. - CREF
T LOMMON
IN B

N LD

AT

BUFF

NT

v-

Gz

<3

Az

G

GNZ

190K}
SelVRsF  100.6mV

o 15V
100KsH E:V

Ml .
—— AN
O1.F

o

BATaF,
_

" D.22uF

100pF

g 1,F TR

TN S

CICILAL]]

]TD DISPLAY

[ TGO

Figure 14: 7107 With Zener diode réference. Since low T.C. zeners
have breakdown voltages ~ 6.8V, diode must be placed across the
tetal supply 110V). As in'the case of Figure 12, IN LO.miay be tied to
gitner GOMMON or GND. '
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Figure 16: 7107 cperatéd from smgle +5V supply. An external
reference must be used inthis application, since the voltage betwaen
V¥ and V”is |nsufftclent for cofrect operation of the internal
reference.
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- Figure 18: 7108'used as a digital centigrade thermometer. A silicon
_ diode~-conneeted transistor has a temperature coeflicient of about

-2mV/° C. Galibration is achieved by placing the sensing transistor

. inice water and adjustmg the zeroing potentiometer for a 000.0

reading. The sensor shouid then be placed in boiling water and the
scate-factor potentlcme‘ser adjusted for 100.0 reading.
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TYPICAL APPLICATIONS (Contd.) SR LR ES
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Figure 19: Circuit for developing Underrange and OQverrange signals Figure 20 Citpuit for developing Linderrange and Overrange signals

. from 7106 outputs. s . from 7107 outputs. The LM339 is roquired to ensure logic
. ' compatibility with heavy display loading.
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7FIgure,}2‘1: AG to.DC Gonvertér with 7108. TEST'is used as a com-
maon ‘mbde.refe,!'ence level to ensure compatibility with most op-
amnps. ’ .
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B | 1
‘Fig'urb,2'2:"D|spla"y Bufféring for Increased drive current. Requires )

 four DM7407 Hex'Buftérs, Each buifer Is capable of sinking 40 mA.
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ICL7106/ICL7107
7106/7107 EVALUATION KITS
After purchasing a sample ¢f the 7108 or the 7107, the

majority of users will want to build & simpie voltmeter. The -

parts c¢an then be evaluated against the data sheet
specifications, and tried out in the intended application.
However, locating and purchasing even the smali number of
additional components required, then wiring a breadboard,
can often cause délays of days or sometimes weeks. Toavoid
this problem and facilitate evaluation of -these unigue
circuits, Intersil is offering a kit which contains all the nec-

essary components to build a 3%2-digit panel meter. With

the help of this kit, an engineer or technician can have the
system “wp.and running” in about half an hour.

Two Kits are offered, the ICLT106EV/KIT- and: the
|CL7107EV/KIT. Both contain the approgpriate IC, a circuit
board, a display (LCD  fer T710BEV/KIT, LEDs faor

7107EV/KIT), passive components, -and miscellaneous-

hardware.

APPLICATION NOTES

AQ16 “Selecting A/D Converters”, by David Fullagar.
A017 “The Integrating A/D Converter”, by Lee Evans.

. BINTERSIL

AD18 “De’s and Don'ts of Appiying A/D Converters”, by Peter Bradgshaw zf.md Skip Osgood.

A9
A023
A032
A045
AD52

“41.Digit Panel Meter Demonstratorfinstrumentation Boards”, by Michael Dufort.
“{ ow Cost Digital Pans| Meter Designs”; by David Fullagar and Michael Dufort.

“Understanding the Auto-Zero and Commbri Mode Performance of the ICL71068/7/9 Family”, by Peter Bradshaw.

“Building a Battety-Operatéd Auto Ranging DVM with the ICLT108", by Larry Goff.
“Tips for Using Singie-Chip 3'2-Digit A/D Conveiters™, by Dan Watson.
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ICL7109 12 Bit Binary
A/D Converter for

Microprocessor Interfaces

FEATURES

« 12 hit binary (plus polarity and overrange) dual
slope integrafing analog-to-digital converter.
Byte-organized TTL-compatible thrée-staté oulputs
and UART handshake mode for simple parallel or
serial interfacing to microprocessor systems.
RUN/HOLD input and STATUS output can be used
to monitor and control iconversion timing.

True differential mpul and differential reference.
Low noise — typically 15,V p-p.

1pA typical input current. ..

Operates at up to 30 conversions per second.
On-chip oscillator operates with inexpensive
3.58MHz TV crystal giving 7.5 conversions per
second for 60Hz rejection. May also be operaled as
RC oscillator for other clock frequencies.
Fabricated using MAX-CMOS™ technology
combining analog and digital functions on a single
low power LSI CMOS chip.

‘no special handling precautions necessary.

All inputs fully protected against. statlc dlscharge, _

GENERAL DESCFIIPTION

The FCL7109i5'a hlgh performance low power mtegratmg
AMD converter deS|gned to easny mterface with micro-
prooessnrs o

The output data 112 bits; polarlty" and overrange) may be:.
directly :accessed under control of two byte enable inputs
and a-chip select input fora;simple parallel bus interface: A
UART handshake mode is provided 4o allow.the 1CL7108 to

workwith industry-standard UARTSs:in providing serial data

transmission, ideal for remote data logging applications. The.
RUN/HOLD input and STATUS outputallow momtormg and

control of conversion timing.

The ICLT109 provndes the user wnth the h|gh accurac;y, low:
_nojse, low. dnft versatility and economy of the dual-slope
o mtegratmg "A/D cohverter. Featires like true drf‘ferentlat
“input and reference, drift of'less than Tu¥/° G, ‘maxirhum -
. input bias current of A0pA,; and typicak power consumption:
- of .20mW. make - the: ICL7109 -an, attractive. per-channel
. alternative. to anafog multiplexing for many data acquisition
app!lcatlons

PIN CONFIGURATION AND TEST CIRCUIT:

(OUTLINE

(See Figure 1 for typical connection to a UART or Microcomputer!

TOF VIEW
GND vt a0 +5¢
hoL ¥ AP 38— DIFFERENTIAL
3 REF CAP—38
orpen | 1aor REF cap + 37— ¥F REFERENCE
ByTE | 5812 REF IN+ 38— ———°*
OUTPUTS s a1 1N H 350 GTF INPUT HIGH
7610 IN LO 323 INPUT LOW
g g: COMMON 33l o GND
INT 22—
087 ICL7109 N aE €z A5uF
Low 11 86 BUF 30 [ e ™
ORDER _| {]12 85 REF OUT 29[ REF IN —
BYTE 124 v—28 [—o-5V .
QUTPUTS 14 B3 SEND 27 1ki} @+——oREF IN 4
15 B2 AUN/HOLD 26 [~
16 B1 BUF OSC OUT 250
5% 17 TEST OSC SEL 24 [1— GND 26k0}
BYTE 18 LBEN oscout2af——_
CONTROL 19 HBEN osc In 220 0 3.5795 MHz
INPUTS 20 CE/LOAD MOBE 21 - TV CRYSTAL

*AiNT = 20K(: FOR 0.2V REF
= 200k[ FOR 2.0V REF

DWGS DL, JL, PL}

ORDERING INFORMATIdN ,

Part Temp. Range Package Order Numbaer !
7109 | —55°C to +125°C | 40-Pin Ceramlic DIP ICL7108MDL
7109 | -20°C to +85°C | 40-Pin Ceramic DIP ICL7109IDL
7109 | -20°C 1o +85°C | 40-Fin CERPIP ICL71091JL
7109 0°C to 70 C 40-Pin Plastjc DIP ICL7108CPL

480




ICL7109 - | | | EINMERSIL
ABSOLUTE MAXIMUM RATINGS
Positive Supply Voltage (GND. to V)

Negativé Supply Voltage (GND to V™ J
Analog Input Voltage {Lo or Hi) (Note 1}

Reference Input Voliage (Lo or Hi} INote 1) wo.vvi... e e Vto V-
Digital input Voltage : ) V' 0.8V
(Pins 2-27) (NGB 2) ..\ .iiiiii e e en e e e st e e o0 GND = 0.3V
Power Dissipation {Note 3) . - :
Ceramic Package ..... R, e i . W @ +85°C
) Plastic Pagkage .................. e e e vy . 500mW @ +70°C
+  Operating Temperature- R ) :
Ceramic Package (MDL) .........covvrvvnirinennnnn. w.. B5°C S Tas+125°C
) ) APLY T e w2805 TA £ 485°C
Plastic Package ({(CPL) .............. ; v DPCETASH70°C |
Storage Temperature .......oooveveinnn.... - -55°C = Ta < +125°C

Léad Temperaturé (soldering, 80.sec.) ....... e e eeaaa s +300°C

*COMMENT: Stresses above those listed under “Absolute Maxifmlifm Hatmgs' may causé permanent damage o the devices. ThIS.IS a stress
rating only and fungtional operation of the devices at these or “any. other.conditions.above those indicated in.the operationai sections of the
specifications is not |mpl|ed Exposurs to absolute maximum rating conditions for extended petiods may affect device I’Bl\E.bIlIty

TABLE'I 0PERATING CHARACTERISTICS

All parameterg with V" = +5V, \_.f— = -5V, GND'= av, TA = 25°C, unless otherwise indicated.
Test circuit as shown on page 1.

ANALOG SECTION

PARAMETER - . 1 8YMBOL | : CONDITIONS MIN TYP MAX UNITS
Zero Input Reading _ Vin = 0.0V .| -0000s. | £0000s +ooooa Octal
. . | . Full Scale = 409.6mwW . Reading
Ratiometric Reading © 7 | Vin = VRer ‘ 3777 | 3777s 40003 Octal
. E » | VReF=204.8mV X 40005 {. . . . | Reading
Nori-Linearity (Max teviation | - Full Scale = 409.6mV 1o 4.096V . ' '
from best straight line fitt = | QOver full operating temperature -1 +2 +1 Counts
) |- range. g
Roll-over Erroridifference [ Full Scale = 409.5mV to 4.096V ]
in readmg for equal pos: and:. Qver full-operating temperature -1 - t.2 +1 Counts
neg. inputs near full scale) . | range” : B
Sommon-Mode Rejection Ratio] CMRR | Vem £1V Vin = 0V ) 50 uVA
o I " Full- Scale = 409.6mV i
Input Common Motie Rafige | VCMR Input Hi, Input Lo, Gommon V-+15 | V=10 \
Noise {p-p value.fiot T en | NIE=0V B ' o 15 7T v
exceeded 95% of time! 1o | :Full Scale ~ 409, BmV : - .
Leakage currentat.input . |- Lk o | Vin= 0 Al devices 25°C° T 10 pA
: ICL7108CPL 0°C = Ta = +70°C 20 100 pA
ICL7109IDC —25°C = Ta = +85°C 100 250 pA
- . : ICL7109MDL -55°C = Ta < +125°C 2 5 | nA
Zero Reading Drift 1 Vin= 0N 0.2 1 uV/C
Scale Factor Temperature ' ViN = 408.9mV = > 77703
Coefficient o R reading :
R Ext. Ref. 0 ppm/° G 1 5 ppm/°C
Supply Current \."+ to - I* ] ] . - |
GND . PR Vin= 0, Crystal Osc. h 70007} 1800 | pA
. _ . 3.58MHz test circuit . . i I
Supply Current V* to V™ - Isupp Ping 2-21, 25, 26, 27, 29, open 1 700 1500 | - pA.
Retf Qut Voitage : - |-:¥Yrer | Referred to V*, 25k ’
L between V' and REFOUT . | —za 2.8 ~3.2 v
Ref Out Temp. Coeffigient " | 25Kkt between v and REF OUT 80 .} .| ppm~C |
. ' V+.—0.
Input Gommon Mode Range | Vom | IN HI, IN LO, COMMON V= +1.5 Vitgsg Y+ 10 v
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ICL7109

DIGITAL SECTION .
PARAMETER SYMBOL CONDITIONS . MIN - . TYP . MAX UNITS
Output High Voltage VoH louT = 100uA s 3.5 | 43 A
- ~ | Pins 216,18, 19,20 - :

Output Low Voltags VoL lour = 1.6mA I | o2 04 v
Output Leakage Current . Pins 3-16 high impedance =10l - o KA
Controi /O Pullup Pins 18, 19, 20 VouTt = V" -3V B
Currerit ) ' MODE input at GﬁD Y I i 5 A
Contro! IY0 Loading HBEN Pin 12 LBEN Pin18 | f B 50 pF
Input High Voltage . VIH - Pins 18-21, 26, 27 7 ]

. | referred to GND .25 \
Input Low Voltage ViL . | Pins 18-21, 26, 27 . 1

. R referred to GND : i 1 vV

Input Pull-up Current Pins 26, 27 Vour = V™' =3V | = 5 Pr.
Input Pull-up Current Pins 17, 24 VouT = V* =3V 25 CpA
Input Pull-down Current: |~ |Pin'®1 Vour=GND+3v . [ L5 b L A
Oscillator Output High Qol.  |'Vous =25¢ . ) 1 : A
Current Low OoL Vourt = 2.5V ] 15 . mA
Buffered Oscillator  [High BOOH Vout = 2.5V ' ) 2 1 mA
‘Output Current Low BOoL . |Vour=28vV ] L -5 . ] mA
‘MCDE Input Pulse Width tw 50 ) ns

Note 1:  lnput voltages may exceed the supply voitages provided the Input current is limited to £100u4 :
Note 2: Due to the SCR structure inherent in the process used o fabricate these devices, connecting any digital inputs oroutputs tovoltages
. -.grea!er thanV" or less than GND.may.cause destructivedevice latchup. Forthis reasenitisrecommended-thatno inputsfrom-soufces
other than the same power supply beapplied tothe ICLT 109 before its powersupply is establlshed and that Jnmultiplesupply systems
" thie supply to the, ICL7109 be activated first.
Note 3 ThlS limit refers to that of the’ package and will not be obtamed durlng normal operatlon

* . . - - VT ap | v ‘ ‘
sv—f3 \cr’* T GND—{1GND REFIN-B9fe o ——GND
] SC CONTROL | -0SC IN 17— — 25 BUF OSC QUT  REF CAP -38 |——. : EXTERNAL"
ann-d]3 anp _EPE'39 R : —{2.sTATUS REF CAP +37 = 14F REFERENCE
+sv—14 RAD . CLETae . . REF IN + 36 |- ee o
512 CLS: 37 : - 7 10 HBEN IN H1 35 --_g-ﬁT-F—“MA,-—w PUT
—JRBR1-8 58S 36 : : N LO 34 4 o N
- P} 35| GND : C PWEEIRRE " com 33 |- .
—13 Pe chLa |- sy & | o-m12,poL,OR INT 3z =0y 0
—114 FE 25-33 ] 915 - : AZ 3 [— A
=415 o : ORI S & & |E1-Ba BUF 30— —
tSV—16.5FD TREZ4l- - L +5v=] 17 TEST REFOUT29— . .. Rt .20kii 0.2V. REF
. DAR 18 |- 18 [BEN ' _wosl-sv 200k(1 2V REF'
——120 AR DR 19 21 MODE . RUN/HDLD 26 [— +5V BR OPEN
SERIAL TBRL 23 — 20 CE/LOAD , OSCBEL24}-GND
INPUT e “TBRE. 2% i e = - 27TSEND . . “ascbuT 23 1
== e MR 21 | GND . -  OSCIN 22 . 258 MHz.
" OUTPUT — FOR'LOWEST POWER CONSUMBTION, _ —[_.'. CRYSTAL
. IMB403 - ) TBA1-THAB INPUTS SHOULD MAVE 100K(} ICLI 109
CMOS UART PULLUP RESISTORS TO 5V CMOS A/D CONVERTER

Figure 1A, Typical Connectlon Dlagram UART Inteﬁ‘ace To 1ransrn|t latest result, send any word to UAHT ..

e

1.2 : E] : : . © asv—{ao v REF IN - 38 [————————0==~GND
- XTAL1 XTALZ| - - . GND —{1 GND AEFCAP - 38 B 1 - EXTERNAL
LTSV 110 - . +5v —| ¥ TEST REF CAP + 37| REFERENCE
- %4’ RESET 2124 - - ) . . REF IN + 36 | L
5885 35-28 |- ‘ N M 38 [ AAN—0 +
€ INT P20-P27 OTHER ! X y IM.LO 34 A3 o -
31-34 1o ] com 33 | == Eos.E
GND AT EA  prapab S . - - ©INTR2
. —8WR ) : _AZ 3 |— -
9 PSEN P13 30 - - 26. RUN/AOLD HUF 20 =S o
=411 ALE" P12 29 - - e 2 STATUS REF QUT 29 |— < RiNT 20K0 02V REF.
+5¥ —{25'PROG P11 28 = - —118 EBEN v-a |- sv 200kl 2V AEF.
+5y —{26°vDD P10°27 - . - : - —1 1% HBEN SEND 27 |— 4 5v
+5v =39 TL 1 ) ) 38 .. Buroscourazsl -
+5¥ —] 40 ¥CC ' 1—}5— BO:E12,POLOR . élssé:gﬁ_llz g; - GND
. 12-19 . 16 . = .
. ) DBOBBT - —F - e 9511-635‘ ) _"OSCINZZ 358 MHz-
GND - 20 Gno Anio |- . 20 EELUAD MODE 21 -——]‘_:‘_cnvsml'.

T ur4Mb0da o - " L . * T g0 0
S CTMOS A/D CONVERTER

Figure 1B: Typical Connection Dlagram Parallel Intgrface With MCS-48 Microcomputer
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ICL7109 EINMERSIL

: TABLE 2 - Pin Assignment and Function Description -
PIN SYMBOL "~ DESCRIPTION _ PiN SYMBOL | B DESCRIPTION

1 |GND Digital:Ground, 0V -Groufid return for aII {21 [MODE - o ] Input kow --Digect-output mode where
digital logic - SRR | ' CE/LOAD (Fin 201, HBEN (Pin 19) and
2. .STATUS Quiput High during m!egrate and déinte- ’ 4 | EBEN IPin_.18} act as inputs directly
i - -1 grate until data is latched, - “ | controlling byte dutputs. E
o Outpit Low.when analog section isin] - ¥ == ¢ | input Pulsed High - Causes immediate
. : Autc:Zero configuration. = I R entry into handshake mode.and output of
3 |roL- Polarity - HI for Positive Input. . e ' © ;. |data asinFigure 9. '
4 OR ] Overrange-- HI if Overranged, Y |I'IPUT ngh Enables CE/LOA. (Pin 200,
5 (B2 ‘Bit 12 |1Mest Slgmhcam Biy , HBEN (Pin"19), and LBEN (Pin 18 as cut-
3 Bi7 Bt 11 e i puts, handshake mode will be entered and
- 510 Bt 10 R All . data output as in Fi igures 7 and 8 at con-
i n - three version.completion.
8 ABQ Bit 9 - state 22 JOSCIN " | Ostiltator Input
9 fBs- . _.B!l 8 |- o ) output 23 jOSCouUT Oscillator Qutput -
o 4B o Bit 7, |HI=true - .| -data 24 | OSC SEL Oscillator Select - input high conflgures
1186 . |Bité : ‘| . bits ~ OSC N, OSC OUT, BUF OSC OUT as RC
12 _|BS Bit 5 : ascitlator - clock will be same phase and
FED Bit 4, 5 . B | "l duty cyclé aé BUF OSC.0UT)"
14 | B3 Bit 3 . - Input low configures OSC IN, OSC OUT
15 |B2 ] Bit 2: for crystal oscillator - clock frequency will
18 181 | Bit1 |iLeast Significant Bitl | be 1/58 of frequency at BUF OSC OUT.
17 |TEST _ [Input High - Normai Operation. ‘ |25 [BUF OSC OUT | Buflered Oscillator Qutput
Input Low - Forces all bit outputs-high. 26 |RUN/HOLD Input High - Convérsions continuausly
Note: This input is used for test purposes:| . | + .} = performed every 8192 clock pulses.
only. Tie high if not used. Input Low - Gonversion in progress com-
18 |LBEN Low Byte Enable - WithMode (Rim21 low.] | . pleted, converter will stop in Auto-Zero 7|
ahd CE7LOAD (Pin 200 low, téking thispin| - {._- . counts before integrate. §
low aclivdtes 1ow-order byte outouts B1-B8.| - |27 |SEND Input - Used-in-handshake mode to indicate
| e e 1 .. | ability of an extérnal device to accept data.
.- With-Mode (Pin 211 high, thispin serves as| N ) .. | .Connect to + 5V if not used.
2 low byte flag, output used in handshake - e v .. Analeg.Negative Supply - Nominally -5V
T EeE ZZ?IGBS;EEF'E’;@SL ti:l e e wilh respect to GND (Pin 1),
i yte Enable - Wi ode{Pin 21! low, - ;
and: CE/LOAD-Pin- 20+ ow; {aking-this pint- 2 |REF QUT | Sj:fﬁ?g; qulﬁlﬁi‘?‘;“pm - Nominally 28Y
g’gagg‘ft%ﬁﬂh'gh order byte outputs B:| - [Z5TEIEFER ™" [ Bulfer Ampifier Output
.31 |AUTO-ZERO Auto-Zerc Node - Inside foil of Caz
| - with Mode tPin 219 high, this pin serves as ‘32 | INTEGRATOR | Iitegrator Output - Outside foil of CinT
a high byte flag output used in handshazke; . [33 [ COMMON Analog Common - System Is Auto-Zeroed
mode. See Figures 7, 8,9, o L 1o COMMON
20 CE/LOAD Chip Enable Load = With.Mode (Pin21)0Jow,]., | 34; - [INPUT LO Differential Input Low Side
CE/LOAD serves as a master outpu enable. 35 [INPUT HI Differential Input High Side
when high. 81-812, POL. OR dutptsarel. . 55 "|REF (N + - | Differential Reference Input Positive
disabled. 37 |REF CAP + Reference Capacitor Positive
1 - with-Mode tPin 2‘thgh ‘this pin serves as 38 |REF CAP Reference Capacitor Negative :
a load strobe Lséd-in handshake mode ] 39 - [|REF N ;.. =| Differenfial Reference Input Negative
“See Figures 7, 8,9 1 o fu Positive'Supply ¥oltage:- Nominally +5V
T o et with-respect to GND [Pin 1),

Note: Alldigital levels are posmve ‘trug.

DETAILED DESCRIPTION .~ + - .o ool 00

Analog Section . ' o thie' buffer amplifier, integrator, and comparator. Since
Figure 2 shows the equivalent circuit of the Aralog Sectlon the comparasor isIncluded in the icop; the AZ accuracy
of the ICL710g. Whien the RUN/HOLD input & left open or is limited ontyiby the.ncise of the system. Inany case, the
connected to V', the circuit will perform conversions at@ rate offset referred to the input is less than 10zV. e

determined by the clock frequency 8192 clotk periods:per
cycle). Each measurementcycle is divided into three phases 2. Signal Integrate Phase

as shown. in Figure 3. They are {1, Auto-Zero (AZ), 12) S!gna1 -gDurmg S|gnal lntegrate tha auto 2610 Ioop is opened the
Integrate (INT: and (3) Deintegrate (DE). _ o . intgmnal short is removed and-the;internal input high and
1. Auto-Zero Phase. C . : low are connected to the.external pins. The converter

.. then integrates the differential-voitage between IN Hl and

IN: LO for a fixed time of 2048 clock periods. Note that
_and low are dlsconnected from their pins and internally ‘this differential voltage.can.be within the. common mode
shorted to analog CGMMON Seco"d the reference ca— . fange of the inputs. ‘At the end of this. phase the polanty

----- of the: |megrated sngnal is determined.

Durmg alitczero three 1hmgs happen. "First, input hlgh

back Ioop is closed around the systemto charge the auto-
'zéro sapacitor Caz to compensate for offset voltages in mer
: 4:33
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COMMON ¢aa |NT = FRO cc
) DEINT (4)=—
I‘ Az DEINT (o) o DIGITAL SECTION
| INT ) & .
INPUT LO(B—®
|34
|
| 29 28 40
L ——— . Y e e e B e et e s e e e —— em
AEF OUT v vt
Figure 2: Analog Section
POLARITY ZERO CROSSING

. : DETECTED GCCURS

INTEGRATOR- | - 1 ')\, . ZERD CROSSING

OUTPUT | [ DETECTED

 l—az PHASE 1—+|+—1NT PHASE 1}

E
1
+
I

“~DEINT PHASE Il —se—AZ—

e csoox 11 "LMLMLML, LML, SLFALALLE mruw

INTERNAL LATCH !

g

|
STATUS OUTPUT |

| ———— . I

il

4096 COUNTS

| 2048 FIXED | |
| COLNTS: } = 2048 ] MAX
I MIN, [ COUNTS

7 \AFTER ZERO CROSSING,
- NUMBER OF COUNTS TO ZERQ GROSSING ANALOG SECTION WiLL

PROPORTIONAL TO Vin

BE IN AUTGZERQ
CONFIGURATION

Figure 3: Conversion Timing (RUN/HOED Pin High?

3. De-Integrate Phase
The final phase'lé de-lntegrafe, or reference integrate. In-

put low is internally connected to analog COMMON and

Input high Is connected across the previously charged
{during auto-zero) reference capacitar. Circuitry within
the chip ensures that the capacitor will be connected
with the correct polarity to cause the integrator cutput to
return to zero crossing (established in Auto Zero) with a
fixed slope. Thus the time for the:output to return to zero

" (represented by the number of clock periods counted) is
proportional to the input signal.

Differential Input

The input can-accept differential voltages anywhere within
the common mode range of the input amplifier; or
spacifically from 1.0 volts below the positive supply to 1.5
volts above the negative supply. In this range the system has
a CMRR of 86dB typical. Hawever, since the integrator atso
swings with the common mode voltage, care must be
exercised to assure the integrator output does not saturate.
A 'worst cdse condition would be a large positive common
mode voltage with a near full-scale negative differential input

voltage. The negative input signal drives the integrator -

434

positive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 4V full scalé with some |oss of accuracy: The
integrator output can swing within 0.3 volts.of either supply
without loss of linearity.

The ICL7109 has, however, been. optimized for pperation
with analog common near digital ground. With power
supplies of +5V and -5V, this allows a 4V full scale injegrator -
swing positive or negative maximizing the: performance of
the analog section. .

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error i & roll-over valtage caused by the
reference -capacitor losing or gaining charge to stray
capacity on its nodes. If there is a large common mode
voltage, the reference capacitor can gain charge (increase
vgltage) when called up to deintegrate a positive signal but
lose charge (decrease voltage) when called up to déintegrate
a negativeinputsignal. This difference in reference for Hor
-} input voltage will give a rotl-over error. However by
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selecting the reference capacitor large enough in
comparisor to the stray capasitance, this error can be held to
less than 0.6 count for the worst case condition (see
Component Values Selection below,

The roll-over error from these sources is minimized by
having the reference common mode voltage near or at
analog COMM_O_N.

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 voitage, and
conversion rate. These values must be chosen 1o sLit the
particular application. . .

The most important consideration s that the integrator
output swing (for full-scale input) be as large as possible. For
example, with =5V supplies and COMMON connected to
‘GND, the neminal integrator output swing at full scale is 4V,
Since the integrator outputcan go to 0.3V from.either supply
without. significantly affecting linearity, a 4V . integrator
output swing allows 0.7V for variatiens in output swing due
to component value and oscillator tolerances. With £5V
supplies.and a common mode range of £1V required, the
component values should be selected to provide +3V
integrator output swing. Noise and rollover errors wiil be
stightly worse than in the =4V case. Forlarger common mode
voltage ranges, the integrator output swing mustbe reduced
further. This will increase both noise and rollover errors. To
improve the performance, supplies of 28V may be useq.

1. Integrating Resistor '

Both the buffer amplifier and the integratorhave aglass A
output stage with 100.A of quiescent current. They. sup-
ply 20uA of drive current with negligible non-linearity.
The integrating resistor should-be large enough to rernain
- in this very linear region over the input voltage range, but
smail encugh that undue leakage requirements are hot
¢ placed on the PG board. For 4.096 volt full scale, 200k} is
near optirmum and similarly 2 20k0 for a 409.6mV scale.
For other values. of full scale voltage, RinT shouid be
chosen, by the relation
RinT = full scale voltage
20p A
2. Integrating Capacitor o .
The integrating capacitor GinT should be selected to give
the maximum integrator output voltage swing without
saturating the integrator {approximately' 0.3 valt from
either supply). For the ICL7102 with =5 volt supplies and
analog common connected t0 GND, a £3.5 to #4 voltinte-
grator output swing is nominal. For 7-1/2 conversionsper
second {61.72KHz clock frequency) as provided by the
crystal oscillator, nominal values for Cint and Caz are
0.154F and 0.33uF, respectively. If different cleck fre-
quencies are used, these values should be changed to
maintain the integrator output voltage swing. In general,
the value of Cint is given by

(2048 x clock period) (20uA)
integrator output vottage swing

CinT =

An additional requirermnent af the-integrating capacitor is

that it have low dielectric absorption to prevent roll-over
errors, While other types of capacitors are adequate for
this applicatian, polypropylene capacitors give undetec-
table errors at reasonable cost upto 85°C, Forthe military
temperature range, Teflon® capagitors are recommen-
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ded. While their dielectric absorption characteristics vary
somewhat from unit to unit, selected devices should give
less than 0.5 count of error due to dielectric absorption. -

. Auto-Zero Capacitor
‘The size of the auto-zero capacitor has some influence on
" the noige of the $ystem; a big capacitor, giving less noise.

However, it cannot be increased without limits since it, in
parallel with the integrating capacitor forms an R-C time
constant that determines the speed of recovery from over-
loads and more important the error that exists at the end
of an auto-zero cycle. For 409.6myv full scale where naise
is very important and the integrating resistor small, a
value of Caz twice Cint is optimum. Similarly for 4.006V
full scale where recovery Is more important than moise, a
value of Caz equal to half of CinT is recommended.

For optimal rejection of stray pickup, the outer foil of Caz
should be connected to the R-G summing junction and
the inner foil to pin 31, Similarly the outer foil of CiNT
should be connected to pin 32 and the inner foil to the B-C
summing junction. Teflon®, or equivalent, capacitors are
recommended above B3°C for their low leakage
characteristics. '

. Reference Capacitor

A 1uF capacitor gives good results in most.applications. §
However, where a large common modevoltage exists fi.e. §
the reference low s not at analog common) and a 409.6mv

‘'scale is used, alargervalue is required t6 prevent rall-over

error. Generally 10xF will hold the roll-over error to 0.5
count-in this instance, Again, Teflon®, or equivalent
capacitors should be used for temperatures above B5*C
for their low leakage characteristics.

5. Reference Voltage

The analog input.required to generate a full scale output
of 4096 counts is Vin=2Vrer. Thus foranormalized scale,
a reference of 2.048V should be used for a 4.096V full
scale, and 204.8mV should be "used for a 0.4096V full
scale. However, in many applications where the A/D is
sensing the output of a transducer, there wiil exist a scale
factor other than unity between the absolute output
voltage to be measured and a desired digital sutput. For
instance, in a weighing system, the designer might like to
have a fufl scale reading when the voktage from the trans-
ducer i 0.682V. Instead of dividing the input down to -
409.6mV, the input voltage should be measured directly
and a referance voltage of 0.341V should be used. Suit-
able values for integrating resistor and capacitor are 34k
ard 0.15uF, This avoids a divider on the input. Another
advantage of this system occurs when a zero reading is
desired for non-zero input. Temperature and weight
measuremants with an offset or tare are examples. The
offset may be introduced by connecting the voltage

‘output of the transducer between common and analog

high, and the offset voltage between commmon and analog
low, observing polarities carefully. However, in proces-
sor-based systems using the ICL7109, it may be more
efficient to perform this type of scaling or tare subtraction
digitally using software.

. Réference Sources

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. The reso-
Iution of the ICL7109 at 12 bits is one part in 4096, or
244ppm. Thus if the reference has a temperature coef-
ficient of 80ppm/°C (onboard reference) a temperature

differance of 3°C will introduce a one-bit absolute error.
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For this reason, it is racominended that an exterrial high-
_ quality reference be used wherd the ambient temperafure is
nét controlled or where high-gecuracy absoluté, measure-
ments are being made. S
‘The \CL7108 provides & REFerence OUTput {pin. 29) which
~may he used with a rosistive divider to genefate & suitable
reference voltage. This output will sink up fo gbout 20mA
_without significant varfation in output Voltage, and Ts. pro-
vidéd with a pullug. bias dévice which spurces about 10zA.
The output voltage js nominally 2.8V below V*, and has a
temperature coefficient of =80ppriv °C typ. Wheh using the
onboard reférence, REF OUT (Pin 29) should be gonnected
to REF- {pin 39), and REF+ shdlld be connected to the
wiper of a precision potentiometer between REF OUT and
v+, The circuit Tor a 204.8mYV reference is shown In'the test
circuit. For'a 2:048mV reference, the fixgd resistorshould be
removed, and a 25k prédision potentiometer between REF
OUT and*V * should be uskd. .
Note that if pins 28 and 39’"a|‘e‘tied tégether and pins'39 and
40 dccidentally shorted (e.g., during testing), the reference
supply will sink-enough current to destroy the device. This
can be avoided by placing & k@ resistor insertes withipin 39.

§ DETAILED DESCRIPTION.
| Digital Selection B

The digital sectior ineludes the clock oscillatarand scaling
gircuit, a 12-bit binary counter with output latches and-TTL-
«compatible three-state output drivers, ‘polatity; over-range
and control logit, arid UART hahdshake logdic, as-shown (n
thie Block Diagrarm, Figure™d, -~ - - -0~ -
Throughout this descrition, logic levels will be refefred to
as “low” or “high”. The actual loglc levels are defined in
Table 1 “Operating Characteristics’. FO¥ miinimuim power
consurnption, ail inputs &hauld swing from GND {low) to v+
(high}. Inputs driven from TTL gates should have 3-58kQpull-
'up resistofs addad for maximum nolse immunity.

MODE Input T o
The MODE input is usa_d to-contral the sutput.mode.of the

!
R - HIGH-ORDER LOW ORDER
R ‘ BYTE OUTPUTS BYTE QUTPUTS
P . - B B
... TEST” |POL OR -2 11 10 9'B 7 6 5 4 3 2 1

-
i

B|B B 8B BE BB
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convarter. When the MODE pin is Jow or left.open (this input
is provided with a pulldown resistor to ensure a low' level
‘when the pin is left open), the converter is in its “Direct”
output mode, where the output data is directly accessible
‘undér the control of the chip-and byte enable inputs. When
he MODE ‘ifiput is pulsed high, the converier enters the

. UART handshake mode and outputs the data in two bytes,

then returns 1o “direct” mode. When the MODE input is left
_high, the converter will outputdatain the handshake modeat
‘the. end. of ‘every conyersion cycle. (See section entitled
‘“Handshake Mode" for further details!. '
STATUS-Cutput . ‘ o

During & conversion cycle, the STATUS output goes high at

. 4Fig beginning ‘¢f Signal Integrate (Phase H), and goes low

bne-half clock period after new data from the conversion
has beeri ‘stored Inthe output iatches: See Figure 3 for
dbtalls of this timing. This signal may be used as a “data
walid" flag{data hever changes-while:STATUS is low) to drive
inkerrupts, or for monitoring the status of the cohverter. h

RUN/HOLD Input R ) : -

‘When the' RUN/HOLD input i§ high, or left open,the cifcuit
will centinuously perfart conversion cycles, updating the
outplt latéhes atter Zero crossing during the Deintegrate

“Phage I11Y partion of the conversion cycle (See Figure 3)..In

“inis ‘modé of operation, the “conversion cycle will be
ferformed in'8192 ¢iock periads; regardless of the resulting
“value, T ‘ o, )
If RUN/AOLE goes low at any time during Deintegrate
{Phase III} after the zero crossing has octurred, the circuit
will immediately terminate Déintegraté and jump to Auto-
‘Zaro: THis feature ¢arbe used to eliminate the time spent in
‘Deirtegraie after the zero-crossing. If RUN/HOLD-stays or
‘goes |ow,. the converter will ensure minimum Auto-Zero
titne,.and then waitin Auto:Zers until the RUN/HOLD input
goes high: Thé cohverter will begin the Integrate (Phase I1)
-pottion of the fiext corversion (and the STaTuS outpuf will
go high)seven ¢lock periods afterthe high leveélis detected at
RUN/HOLD. See Figure 5 for details. e

14 THREE-STATE QUTPITS

. - AUN/ OSC OSC 05C BUF MODE!
IN OUT SEL OSC

GND

R '—.:r e 14 LATCHES  ° S J ‘
S (pxrsatinnsaniyiig
=1 _| 12-BIT COUNTER ‘ '1
. LR | LATCH i
’ [ T TLOGK ] (R
Femnihata EENNRINOES OSCILLATOR JRUUTUUIY A I ) B

T AZ T L . Vo :
ANALDg INT weif.  CONVERSION - AND CLOCK HANDSHAKE |. IRE i

SECTION |, DEINT(+) =—] CONTROLLOGIC clcurRy. | | OS¢ L

o TDEINT(H) T - _ [ I R T, |
B we o cor i nc il

. “SEND. "
. HOLD -

- Figure 4: Digita! Section
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DEINT TERMINATED AUTOZEFIO ] INT
AT ZERQ CROSSING PHASE | STATIEIN - f"prmss "
DETECTION | MIN1730 CDUNTS
INTEGRATCOR /\ | MAX 204‘! CGUNTSI HOLD STATE
OUTPUT l . N I/
! ; 7 COUNTS
INTEHNALCLOCKI' illllll IIIIIIIIIIII ll’IIIIIII II . IIII
INTERNAL LATCH S
7
STATUS OUTPUT ] 1 e
RUN/HOLD INPUT L o 1 1 v o] ot i s e ——
“Figure 5 Hun/Hold Operation
Using the RUN/FOLD input in this' manner allows an easy oA
“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 STATLS output-goes low the new data is valid (er trans-
ferred to the UART - see Handshake-Mode!. RUN/HOLD may-
now go iow terminating | Demtegrate and ensuring a minimum
Auto-Zero time before stopping 1o wait for the rext conversion.,

Alternately, RUN/HOLD canbe used tominimize conversicn

time by ensuring that it goes low during Deintegrate, aftet’
zero cressing, and goes high after the hold point is reached.

The required activity on thé RUN/HOLD input can be
provided by connecting it'to the Buffered Oscillator Cutput.

In this mode the conversién time is dependent on the input |

value measured. Also refer to Intersii Application Builetin
AD32 for a discussion of the effects this will have on Auto-
Zera performance,

If the RUN/FOLD input goes low and stays low during Auto-
Zero (Phase i}, the converter will simply stop at the end of
Auto-Zero and wait for RUN/HOLD to go high. As above,
Integrate (Phase |1) beging seven clock periods after the high
level is detected.

Direct Mode

When the MODE pin is left a a low ievel, the data ouiputs
{bits 1 through 8.low ordér byie, bits 8 thicugh 12, polarity
and over-range high trderbyte}are accessible under control
of the byte and chip enable terminals as inputs. These three
inputs are all active lew, and are provided with pullup
resistors to ensure an inactive high level when left open.

When thechip enableinput is low, taking & byte enabieinput-

low will allow the outputs -of that byte to become active

{three-stated on), This-allows a variety of parailel data

accessing techniques to be used; as shown in the section

entitled “Interfacing.” The timing requiréments for these: _

outputs are shown in Figure 6 and Table 3.

Tabie 3 - Direct Mode Timing Requirements

SYMBOL [ DESCRIPTION MIN TYP MAX | UNITS

tBEA Byte Enable Width | 350 220 ns
Data Access Time . s

toss | from Byte Enable 210 | aso ns
‘Data Hold Time : :

tOHB from Byte Epable: | 150 [ 300 ns

icea | Chip Enable Width | 400 260 ns
Data Access Time | S I

1DAG from Chip Enable 260 400 ns
Data Hold Time ’

tpHe | from Chip Enable 240 400 ns

A U A U B

-HBEN
AS INPUT

LBEN
AS INPUT

HIGH BYTE
. DATA

LOW BYTE DATAIY. _ _
CDATAT T T T T T T T T T = F=r=vaun
————— = HIGH IMPEDANCE
Figure 6: Direct Mode Output Tlmmg
It should be noted that these control inputs are

asynchronous with respect to the converter cieck - the data
may be accessed atany time. Thus it is possible to accéss 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.

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the ICL7109 to digital systems, where
the A/D converter becomes active in controliing the flow of
data instead of passively responding to chip and byle enable
inputs: This made is specifically designed to allow a direct
interface between the ICL7109 and industry-standard
UARTS isuch as the Intersil CMOS UARTS, IMB402/3) with no
external logic required. When triggered into the handshake
mode, the ICL7109 provides all the control and flag signals
necessary to sequence the two bytes of data into the UART
and initiate theirtransmission in serial form. This greatly
eases the task and reduces the cost of designing remote data
acquisition ‘stations using serial data transmission to

" minimizé. the number of lines to the central controlling

Processor.

Entry intc the handshake mode is controlied by the MODE
pin. When the MODE terminal is held high, the [CL7109 will
enter the handshake mode after new data has been stored in
the outpit.latches at the end.of every conversion performed
(See Figures 7 and 8. The MCDE terminal may also be used
to trigger entry into the handshake mode on demand. At any
time during the conversion cycle, the lowto high transition of
a short pulse at the MODE input will cause immediate entry
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inte the handshake mode, If this pulse occtrs while new data
is being stored, the entry into handshake mode is delayed
until the data is stable, While the converter is in the hand-
shake mode, the MODE input is ignored, and although
conversions will ‘still be performed, data updating will be
inhibited: (See- Figure 9} until the converter completes the
cutput eycle and clears-the handshake -mode.

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
5|gnals for the outpit- cycle iSee Flgures 7.8, and 9.

n. handshake mode, the SEND |nput|s used by the. conver‘ter
asan indication.of the ability of the recelvmg device (such as
a UART) to accept data .

Figure 7 shows the sequence of the dutput eycle \mthSEND
held high. The handshake mode tntetnal MODE high) is
entered after the datarlatch pulse (since MODE remains high
the CE/LOAD, LBEN and HBEN termirials are adtive as
outputsh The high levei at the SEND input is sensed on the
samie high to low.ifterndl clock edge. On the nextlow tahigh
.infernal clock edge, the TE/LOAD and the HBEN outputs
assume a iow level, and the high-order byte (bifs. 9 through
12, POL, and'OR) outpuits are enabled. The CE/LOAD dutput
remains low for one full internat clock period only, the data
outputs rémain active-for 1-1/2'Intefnal tlock periods, and
the high byté-enable remains low for twp clock periods. Thuus
‘the CE/LOAD output low level or low to high edge may be

used-as a syrchronizing signal to ensure valid data; and the

INTERNAL
CLOCK

INTERNAL
LATGH

BINTERSIL

byte enable s an ouiput may be used as & byte identifi-
cation flag.- With  SEND remainifg high" the convetter
complétesthe cutput cycle using' CE/LCAD and LBEN while
‘the low order byté cutputs (bits 1 through 8 are activated.
The handshake mode s termmated when both bytes are
sent.

Flgure 5 shows an cutplit sequence where the SEND |nput is
used to delay portions of the sequence, or handshake 'to
éhslre correct data transfer. This timing diagram shiows ..
relatlonshlps that- occur using an industry-standard
IMB402/3 CMES UART 1o interface to sefial data channels.
In thigiriterface, the SEND Inputto the ICL7109 is driven by
the TBRE (Transmitter Buffer Register Empty} output of the
UART, and the: CE/LOAD terminal of the ICLT109 drives the
“TBRL (Transmtter-Buffer-Register Load! input to theJART.
The:data cutputs -are paralléled ‘into the E|ght Transrmtter
Buffer Register mputs-

Assummg the UART Transmltter Buffer Reglster rs empty,‘
the SEND input will be high when the handshake mode 'is
entered after néw, data is §toked. The CE/LOAD and HBEN
terminals will go low after SEND is sénsed, and the high
order byte outputs besome acfive. When CE/’LOAD goes
hlgh at the end of one clock period, the high order byte data
i clocked into the UAHT Transmitter Buffer Register. The:
UART TBRE output will now goiow, which halts the outpuyt
cycle with the HEBEN. output low, and the high order byte
,outputs active. Wher'the UART has transferréd the data to
the Transmitter Register and cléared the Transmitter Buffer
Register, the TBRE refurns high. On the next ICL7109

* ZERQ CROSSING

‘| ./0CCURS
': 1 /zeao CROSSING DETECTED

" LATCH PULSE
INHIBITED IN —
UART MORE —l-._ j

STATUS
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. / |- . SENSED~,_ | SENSED™,_ |
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Figtire’%: Handshake Triggered By Mode
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internal clock high to low edge, the high orde'r_byte outputs -

are disabled, and one-haif internal clock later, the HBEN
output returns high. At the same time, the CE/LOAD and
LBEN outputs go low, and the low order byte outputs
become active. Similarty, when the CE/LOAD returns high at
the end of ane clock period, the low order data is clocked into
the UART Transmitter Bufier Register, and TBRE again goes
. low. When TERE returns to a high it wili be sensed on.the
next ICL7109 internal clock high.to low edge, disabling the
data outputs. One-half internal clock later, the handshake
mode will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active (as long as MODE stays
high). ) )

With the MODE input remaining high as in:these examples,
the converter will output the results of every conversion
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 sequences
may be performed on demand, Figure 9.shows a handshake
output sequience triggered by such an edge. In addition, the
SEND input is shown as being low when the converterenters
handshake mode. Iri this case, the whole output sequence is
controlled by the SEND input, and the sequence for the first
(high order} byte is similar to the sequence for the second
byte. 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 oniy difference
is that new data will not be latched when in handshake mode,
and is therefore lost,

Oscillator

The ICL7109 is provided with a versatile three terminal
oscillator to genherate the internal clock, The cscillator may
be overdriven, or may be operated as an RC or crystal
oscillator. The OSCILLATOR SELECT input changes the
internal configuration of the oscillator to optimize it fer RC
or crystal operation.

When the OSCILLATOR SELECT input is high or left open
{the input is provided with a pullup resistor}, the oscillator is
configured for RC-operation, and the internal clock will be
of the same frequency and phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and
capacitor should be connected as in Figure 10. The circuit
will oscillate at a frequency given by f = 0.45/RC. A 100k

BINTERSIL

+58
2 -
osc |osc BUFFERED
SEL ! osc

0 - ouT
CRYSTAL.

Figure 11: Crystal Oscillator .
oscillator will operate with most crystals in the 1 to 5MHz
range with no-external components. Taking the OSCILLATOR
SELECT input low also inserts a fixed +58 divider circuit
between the BUFFERED OSCILLATOR OUTPUT and the
intermal clock. Using an inexpensive 3.58MHz TV crystal, this

division ratio provides an .integration‘time given by:

. 58
T = (2048 clock pericds) X (m) = 33.18ms
This time is very close to two 60Hz periods or 33.33ms. The
error is less than one percent, which will give better than
40dB 60Hz rejection. The converter will-operate reliably at
conversion rates of (p to 30 per second, which corresponds

'to a clock frequency of 245.8kHz.

resistor is recommended for useful rangés.of frequency. For-

oplimum B60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is close to an integral
multlple of the 60Hz period (but not less than 50pF).

25
BUFFERED
osC
ouT

. v* OR OPEN

Josc = 43/RAC
Figure 10: RG-Oscil lator

When the OSCILLATOR SELECT inputis low a feédback de-
vice and output and input capacitors are added to the
oscillator. In this sonfiguration, as shown in Figure 11, the
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If at any time the oscillator is to be overdriven, the over-
driving signal should be applied atthe OSCILLATORIN PUT,
and the OSCILLATOR QUTPUT should be left open. The
internal clock will be of the same frequency, duty cycle, and
phase s the input signal when OSCILLATOR SELECT is left
open. When OSCILLATOR SELECT is at GND, the clock will
be a fagtar of 58 below the input frequency.

When using the ICL7108 with the IM8403 UART, itis possible
to use one 3.58MHz crystal for both devices. The BUFFERED
OSCILLATOR QUTPUT of the ICL7109 may be used to drive
the OSCILLATOR INPUT of the UART, saving the need fora
second crystal. However, the BUFFERED OSCILLATOR
OUTPUT does not have a great deal of drive, and when driv-
ing more than one slave device, external buifering should be
used.

Test Input

When the TEST input is taken to a level haifway between V™
and GND, the counter output latches are enabled, allowing
the counter contents to be examined.anytime.

When the TEST input is éonnected to GND, the counter
outputs are all forced into. the high state, and the internal
clock is disabled, When the input returns to the 1/2 (V" -GND!
voltage. lor to V" and one clock is applied, all the counter
outputs will be clocked to the low state. This allows easy
testing of the counter and its outputs.

INTERFACING

Direct Mode . .

Figure 12 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ICL7109 to parailel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled
by its own _enable as in Figure 12A. Figure 12B shows a
configuration where the. two byte enables are connected
together. In this configuration, the CE/LOAD serves as a
chip enable, and the HBEN and LBEN may be connected to
(GND or serve as a second ¢chip enable. The 14 data outputs
will all be enabled simultansously. Figure 12C shows the
HBEN and LBEN as flag inputs, and CE/LOAD as a master
enable, which could be the READ strobe available from most
microprocessors. '
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5 T | ' Bo-B12
B CEREEEE AP AL T I POL,OR}. 5 -»

B1-B12
POL, OR

-CL7109 . . [LBra - - . . e A ICL7109 "

e ANALOG
O T . . N

RuwHOLD——-'— S E RUN/FADLD f———
| converT UN/HOL CONVERT

LBEN - “] HBEN LBEN |

1 - IN
‘RUN/HO LD fenn—- - . -
~ [ — | CONVERT \
: HBEN ~ . LBEN |- - < | beEw
’ ! ' : GND OR
CONTROL | . CHIP SELECT 2

BYTE FLAGS

Flgure 12: Direct Mode Chlp and Byte Enable Combmatmns

Figure 13shows an approach to mterfacmg several ICL7108s.
to a bus, ganging the HBEN and LBEN signals to several
converters togethér, and wusing the CE/LCAD inputs
{perhaps decoded from an address) to select the desired
converter.

Some practicai circuits utilizing the paraile! th ree-state
output capabilities of the ICLT10S are shown in Figuras 14
through 19. Figure 14 shows a straightforward application to
the Intel MCS-48, -80 and -85 systems via an 8255PPI, where
the iCL7109 data outputs are active at all times. The I/Q ports
of an 8155 may be used in the same way. This interface can

be used in a réad-anytime mode, dlthHough a read perfofiriéd

while the cata latches are being updated will lead to
scrambled data. This will occur very rarely, in the proportion
of setup-skew times to conversion time. One way to
overcome this is to read the STATUS outpiit as well, and if it
is high, read the data again after a defay of more than 1/2
converter clock period. If STATUS is now low, the second:
reading is correct, and if it is still kigh, the first reading is
correct. Alternatively, this timing prablem Is completely
avoided by using a read-after-update sequence, as shown in
Figure 15. Here the high to low transition of the STATUS
cutput drives an interrupt to the microprogessor causing itto

access the.data: This applicationalsoshows the RUN/HOLD
input being used to inmate conversmns under software
control.

A similar interface.to Motorola MC‘BBDD or MOS Technology
MCS650X systems is-shown.in Figure 18. The high.to low
trarisition ofthe: STATUS output generates an interrupt via |
the Control Register B CB1 line..Note that CB2 controls the E

RUN/HOLD pin through Contral -Register B,

software-controlled mmatmn of conversions in this system
also.

- Figure 17 shcws‘-.a‘n interface to the Intersil IMB100 CMOS
microprocessor family using the IM&101 PIE to control the
data transfers. Here the data is read by the microprocessor jn
an &-bit and a B-bit word, directly from the ICL7108 to the

. microprocessor data bus. Agair, the high to low transition of

the STATUS output generates an interrupt leading to a

software routine controlling the twe read operations. As

before, the RUN/BOLD input to the ICL7109 is shown as
being under software controi. \

" The three-state output capability of the ICL7109 allows
direct interfacing to most microprocessor busses. Examples
Hof this are shown in Figures 1, 18 and 19. [tis necessary to

-CONVERTER ‘ o : CONVERTEH = T ©  GOMVERTER

SELECT

SELECT SELECT

< R ' 8-BIT BUS

GND—l; GND-—] GND—l
MODE CE/LOAD MoDE  cELoAD)- | MODE - CE/LOAD)|
Bs-B12 B9-B12 - BY-B12
. POL,OR FOL, OR POL, OR
. . IcLTiog © ICLT109 iEL7108
i ‘B1-88} B . . I/\ B1-88 i / - p1-m8| 8 -
ANALGG ANALOG - ANALOG .
N N N |
AUN/HOLD|———— +5v .. RUN/HOLD|——— +sv ) ‘ ¢ RUN/HOLD f———— 5v
R HBEN  LBEN o JHBEN _©DBEN | ’ ) HBEN . . 'LBEN |-

i

!

b—s-]

BYTE SELECT FLAGS <

Figure 33: Three-slating Several 7109's 10 & Small Bus .
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carefully consider the system timing in this type of intetface,

to bie sure that requirements for setup and hold times, and

minimum pulse widths are met. Note also thg drive limita-

tions on long busses. Generally this type of interface:is only
favored if the memory peripheraL address density is low so

BINTERSIL

that ‘simple- address decoding can be used. Interrupt

handling can also require many additionat components, and
. using an interface device will usually simplify the system in

this case. .

) ..ADDHESSBL_IS ' T ' R

|| g

3 v GCONTROL BUS .
T ‘ DATA BUS - . B}
MODE = CE/LOAD I'&o Wi . o700 AO-AT | . i '
pe-Bi2f = & N ] . 8
voL,oR] . © /| Pas-PhAe
RUN/FOLD +5¥
8008, BOBY,’

AnALOS ‘ sTATUS fom s — — P

HBEN LBEN

ICL7109 . ‘ -
8188 3. PB7-PBo  (MODED)

. ' B0ES, 8048.ETC

Figure 14; Full-time Parailel Interface to MCS{d-B_, -80, 85 Miérocomputer Systams

p) o ADDRESS BUS

|| AT

) CONTROL BUS _
2 T . - . DATABUS . I ) K
"MODE  CE/LGAD ' "D WA  D7.D0 TARAT |,
so-B12f _'\ s . L
POL, OR i A PAs-Pag. s
REN/HOLD FCs
10L7198 8255 800B; BUBO,
B1-B8 3 PBr-PBy BOBS, 8048 ETC
"mmﬁ gratust—j 5182 e,
1uF
10ke
e PO ITA INTR
HBEN . LBEN §

+5V
B SEE TEXT -
_ GND .

Figure 15: Full-time Parallst Interface to MCS-48, -80, -85 Microcomputers With Interrupt
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GND—| /‘——I—/— " ™
MODE
89-B12
[ PAL-S
POLORL__ cre [T ::
16L7108 MCE80X
‘ - OR
B1-88 8  feeo7 —N  mcsssox
MCBa20 _‘/
ANALOG
IN STATUS [==0
RUN/AOLD ci2’ <:>
B [
COAD HBEN LBEN K )
GND — — bt
* ADDRESS DATA CONTROL
. ‘ BUS BUS BUS
Figure 16: Full-time Parallel Interface to MCBB0X or MCSB50X Microprocessors
e . 12-BIT DATA BUS . 6
-GND—T—‘ ‘ : :
MODE  CE/LOAD : ’ )
B9-Bi2 ]
[ poL, or}| © 12
' © IMBE1D1 IME180 -
1CL7109 ‘ cMOS . . CMDS ‘
) PIE ] uP
B1-B8| &
ANA"OIﬁ STATUS SENSE 1 :
RUN/HOLG | WRITE {OR FLAG) | | C . .
- | LBER AEER ‘ 1rEAD 1 READ 2 ]
g CONTROL BUS ) ‘ J)
Figure 17: ICL7109-IM6100 Interface Using IME101 PIE
é ' ' ADDRESS BUS . j
ATa A15 ﬁ
A CONTROL BUS 4 :
AD*
e DATA BUS \
HBEN LBEN
B9-B12
POL, OR
ICL7108 2008, 8080, 8085
B1-B&
ANALOG
IN
CE/LOAD
' e . “MEMH or 10R
M°|DE RUN/HT"D d . for 80BD/2228 System
GND , -5V

Figure 18: Direct Interface - ICL7109 to 8080/8085
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GND——l I————-SV g
MODE  RUN/HOLD
Bo-812[ o
POL, OR
MC8a0X
g1-B8| 8 ﬁ oR
MCSE50%
ANALOG SB50
IN R— . -
HBEN /1__.__.. .
— 7aC42 AD-A2
LBEN .
CR/LOAD
T ‘(—' Al5=AT10
. - 7aca0 | J
\-—<r R/W, VMA
' ADDRESS DATA CONTROL
BUS BUS BUS

Figure 19; Direct ICL7109 - MCE80X Bus Interface

Handshake Mode

The handshzke mode allows ready |nterface with a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD, and the byte
| enables may be used as byte identification flags or as load
enables. .

Figure 20 shows a handshake interface to Intel microproces-
sors again using ah 8255PP1. The handshake operation with
the 8255 is controiled by inverting its input Buffer Full {IBF)
flag to drive the SEND inpui to the ICL7109, and using the
CE/LOAL to drive the 8255 strobe. The internal control
régister of the PP1 should be set in MODE 1 for the port used.
H the 7108 is in handshake mode and the 8255 IBF flag is low,
the next word will be strobed into the port. The strobe will
cause IBF to go high (SEND goes low!, which will keep the
enabled byté outputs active. The PPl wili generate an
interrupt which when executed will result in the data being
read. When the byte is read, the IBF will be reset low, which

causes the ICL7109 to sequence into the next byte. This

figure shows the MODE input to the ICL7108-connected io a
contrel line on the PPI. If this output is left high, or tied high

separately, the data from every conversion (provided the
data access takes less time than a conversior) will be
sequenced in two bytes into the system.

If this output is made to go from low to high, the output
sequence can be obtained ondemand, and theinterrupt may
be uséd to reset the MODE bit. Note that the RUN/HOLD
input to the ICL7109 may also be driven by a bit of the 8255 so
that conversions may be obtained on command under
software control. Note' that oné port of the 8255 is not used,
and can service another peripheral device. The same
arrangement can also be used with the 8155.

Figure 21 shows a similar arrangement with the MCSSDD or
MCS850X_microprocessers, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for directly
interfacing to industry standard UARTS (such as the Intersil
IM6402/6403 or -Western Digital TR1602) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown on
page 3. In this circuit, any word received by the UART causes

P ' ' ADPRESS BUS g
¢ ) CONTROL BUS : ?
13 DATA BUS e
RD WR  P7-D0 AD-A1
B9-B12
POL, OR PA7-PAQ
ICL7109
B1-88
§255 8008, 5080,
R 5. MODE 1 8085, 8048 ETC
CE/LOAD 5TBa lpcy ¢ ! : i
ANALc:ﬁ SEND [—o¢ I———'-BFA PCs
RUN/HOLD PCy
MODE PC7 © PG INTR

Figura 20; Handshake Interface - ICL7108 to MCS-48, -80, 85
4-44



.

ICL7109
O:EV—T————|

EINTERSIL

MODE RUN/HOLD
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" PAQ-PAT
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N CE/LOAD ———— wnf CA1
SEND -—od—— caz
LBEN HEEN .

MCES00
OR
MCSE50X

1T

/L_...
A—

1r il

Figure 214 Handshake Intarface -

the UART DR (Data Ready) output to go High. This drives the
MODGE input to the ICL7109 high, triggering the ICL7109 into
handshake made. The high order byte is quiput to the UART
first, and when the UART has transferred the data to the
Transmitter -Register, TBRE (SEND! goes high and the
second byte Is output. When TBRE(SEND) goes high again,
LBEN will go high, driving the UART DRR (Data Ready Reset)
which will signal the end of the transfer of data from the
ICL7109 1o the UART.

Figure 22 shows an exténhsion of ihe one converter - cne
UART scheme of the Typical Connection to several
ICL71095 with one UART. in this circuit, the word received
by the UART {available at the RBR outputs when DR is high)

;.ﬁ il T\Le

-
ADDRESS DATA CONTROL
BUS BU BUS

1CL7109 tc MCBS00, MCSGSOX
is used to select which converter will handshake with the
UART. With no axternzl components, this schéme will allow
up to eight ICL7109s to interface with ene UART. Using a few
more components 1o decode the received word will aliow up
to 256 converters to be accessed on one serial line.

The applications of the ICL7109 are not limited to those
shown here. The purpose of these examples is to provide a
starting point for users to develop useful systems, and to
show some of the variety of interfaces and uses of the

ICL7102, Many of the ideas suggested here may be used in §

combination; in particular the -uses of the STATUS,
RUN/HGOLD, and MODE signals may be mixed.

4 SEAIAL OUTPUT b——
L]
|1 IME403 CMOS UART
T | SERIAL INPUT fJ=———
TERL DRR TBRE  RBAI-RBRE TBR1-TBAS !
i [ —t /\_. -
— 2 3
1 -
1 T T
. ) R ] T | 1 I
> 5-8IT DATA BUS _e
MODE CE/ SEND MODE TE/ SEND MODE TE/ SEND|
LOAD - LOAD i COAD
B9-B12[ Bg-B12 E9-B12
poL,or| & PoOL, OR|- § poL, or| §
ICL7108 IcL7108 1CL7109
:> g1-8a) 3 B1-88| 8 B1-B8| 8
ANALOG ANALOG ANALDG i
IN : IN IN
AUN/HOLD BV RUN/HOLD +5V RUN/HOLD ————— +5V
HBEN  LBEN HBEN LBEN HBEN  LBEN

r L

Figure 22: Multiplexing Converters with Mode Input
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"y ICL7115
£ Fast CMOS Monolithic

%?;&_ﬁ"“ 14-Bit AID Converter
"C“
FEATURES GENERAL DESCRIPTION

The ICL7115 is the first monolithic 14-bit accurate, fast suc-
cessive approximation A/D converter 1t uses thin film
resistors and CMOS eircuitry with an en-chip 'PROM calibra-
tion table circuit to achieve 14-bit linearity without laser trim-
ming. Special design technigues used in the DAC and com-
parator result in high speed, while the fully static silicorrgate
CMOS cireuitry keeps the power dissipation very low.

14-bit linearity and resolution (0.003%)

No missing codes

Microprocessor compatible byte-organized
buffered outputs

Fast conversion (40us)

Auto-zeroed comparator for low offset voltage
Low linearity and gain tempco (1ppmi°C, 4ppm/°C)
Low power consumption (60mW) :

No gain or offset adjustment necessary (0.006% FS) .
Provides 3% useable overrange

FORCE/SENSE and separate digital and analog
ground pins for increased sysiem accuracy

Microprocessor bus interfacing is made easy by thé use of
standard WRite and BeaD cycle timing and contral signals,
combined with Chip Select and Address pins. The digital out-
put pins are byte-organized and three-state gated for bus’in-
terface to 8, 12, and 16-bit systems.

The ICL7115 provices separate Anaiog and Digital grounds.
Analog ground, voltage reference and input voltage pins are
separated into force and sense lines forincreased system ae-
curacy. Operating with x5V supplies, theICL7115 accepts OV
10 + 5V inputwith a — 5V reference or 0V to - 5V input witha
+ 5V reference, .

4

The.lCL7115 is available in severai versions with different ac-
curacies, temperature ranges and packages. A Leadless
Chip Carrier {LCC) package is also available; consult factory.

PIN CONFIGURATION (outline dwg JL)
vnge [ ~ mE ORDERING INFORMATION
AGNDs |2 39| AGNDs¢ g ~ PART
es[3] v ACCURACY | PACKAGE - | TEMPERATURE | \yygeq
Ao 3] | Vine 0.01% | 40-Pin CERDIP | 0°C 1o +70°C | ICLPTISJGIL
o F] 5 conr 0.01% | A0-Fin CERDIP [~ 25"Cto +85°C[ IGL715JML
0.01% LGC - g
| Bus [¢] as] v~ 0.006% | 40.Pin CERDIF | 0°C 1o +70°C_| IOL7115KCIL
peND [7] 33 Caz "0.008% | 40-Pin CERDIF | —25°C to +88°C| IOLT115KIIL
mse) Dis [8] ) 3] W 0.006% LCG —. — ]
oG e [
oo 10 3] osc2 0.003% Lce — -
0w [1] 3] o5
Dy 12| 29| TEST
nal;E’ 28] PROG
' DTE EIV"‘
Ds |_1__£ 26] ovR
Ds [1g] 125] EOC
Dal_‘l__l EBT:
DzE EEM
D218 22] B1s.
o 20 |E Do{L5B)
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ABSOLUTE MAXIMUM RATINGS (Note 1.

Supply Voltage VY toDGND............. -0.3Vto +6.5V
Supply VoltageV~ to DGND.......... v +0.3VEo -85V
VHEFS! VREF" V|NSI V|N~|.t0 DGND........... + 25V to — 25V
AGND,, AGND,to DGND. .. ... L +1V to-— 1V
Current in FORCE and SENSE Lings............... 25mA
Digital /O Pin Voltages. . ............ —-03VtovT +0.3V
PROG to DGND Voltage. ............. VT tovT +£03V

BINTERSIL

Operating Temperature Range

ICL7TISXCKX. .o ..0°C'io0 +70°C
ICLTTIBXIXX, oo Coee=25°C tor + 86°C
Storage Temperature Range. .......... —-B5°Cio +150°C
Power Dissipafion ......... e e, S00MW
derate above 70°C @ 100mW/°C .
Lead Temperature (Soldering, 10sec). . . . :. Feeenaen 300°C.

Note 1: Allvoltages with respect to DGND, unless otharwise noted.

Stresses above those listed under “Absoiute Maximum Ra lings' may cause permanent damage 1o the device. These are stress-ratings only
and functional operation of the device at these or any other conditions sbove those indicaied in the operational sections of the specifica-
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device rellabifity.

DC ELECTRICAL CHARACTERISTICS v* = +5.0V,V™ = — 5.0V, Vggrs = + 5.0V, Ta = +25°C unless.otherwise noted,

MAX

PARAMETER SYMBOL CONDITIONS MIN TYP UNIT
Resolution SC =High 14
=g Bits
] SC = Low 12
Totai Unadjusted Error ’ 1 .
- LS8
Differential Non-Linearity Full Operating Temperature Range e
. Cverali Accuracy (Note 3) 1CL7115d o.01
ICL7115K 0.0C6 % FSR
ICLT15L 0.003
Full-Scale Error Ta = +25°C 12 1 LSB
Qperating Temparature Range (Note 2) 1 4 ppmi°C
Zero Error Ta= +25°C . 1/8 LSB
Operating Temperature Range (Note 2) 4 ppmi®C
Power Supply Rejection PSRR Ta =-+35°C 1416 18 LSB
-Full Operating Temperature Range’
Vinss Vrers Resistance Zins ZREF {Note 4} 3 5 7 kQ
Operating Temperature Range - 300 A ppmi*C
Low State Input Voltage Vi Operating Temperature Range 0.8 v
High State Input Voltage Vin Operating Temperature Range 2.4 v
Logic Input Current ltin D<vVy< vt 1 10 uh
Low State Cutput Voltage ' lout =3.2mMA 0.4 v
Operating Temperature Range
High State Qutput Voltage Vaon loutr = —200:A 28 V
- Operating Temperature Range
Three-State Output Current lax 0 < Vour < V© 1 wh
Legic input Capagitance " Cn {(Note 2) 15
Logic Qutput Capacitance Cout Three-State (Note 2) 15
Supply Veltage Range vt Functional Operation 4.5 6.0 v
' ! -45 —-B6.0
Supply Current I Excluding Ladder Current 5 ma
[ - Fouk = 1kHz 5

Note 2: Assumes all leads soldered or welded 1o printed clroult board.
Mote 3: Full-scale range {FER) is 10V (+ 5V to —8&V).
Note 4 Guaranteed by'design, not 100% tested in production.
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AC ELECTRICAL CHARACTERISTICS v* = +5.0V, V™ = =50V, Ta = +25°C, uniess otherwise noted

PARAMETER : SYMBOL. CONDITIONS | MIN TYP MAX . UNIT
Genvarsion Time toony &C = High 40 :
§C=Low 7 - “e
Address to Data Access tada 280
 ReaD Low 9 Data ] ; ty 200 ] )
ReaDHigh to Three-State t L ‘ 20 . 100 | '
ReaD, Address Hold Time trah 0
Real Pulse Width High trgn _ " 200
WRite Pulse Width Low | ] twr ) 200 s
EQC Highto Dats teg 200
CS, WR Set-Up Time tows 0
©S, WA Hold Time town 0 .
CS8, ReaD Set-Up Time Hers [
£S5, ReaD Hald Time terh 0
EOG Pulse Width High teo Free-Run Mode 0.5
WAite Low 10 ZOC Low 1ye Wait Mode 1 ‘ 2 Vlew
- Relad Cycle Timing *
s

-a—tom—= |a—tgrn —=|

———trah ——————

v i . ﬂx_ :

1
b el

et - A

Bo-Bg —= =] — = — = =

e——taga——|

EQC

P F———

Write Cycle Timing

o —4—| +—— tyyr ——=|—Lgwh—=

N

WR

t teony ——»|

; T\
EOC — = o —m — —— — N

—tag =
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PIN DESGR"’TIO'N TABLE : ‘ [l["]:

PIN [ NAME FUNCTION PIN |- NAME - FUNCTION
1 ‘Vrert | FORCE iine for refarence input 22 Bis
2 AGND; | FORCE iriput for analog groan" ) 23 By | Used for programming only (leave open)
3 TS | Chip Select enables reading and writing 24 Bir _
(aotive low) 25 EQC | End Of Conversion ftag {low = busy,
4 RD | ReaD (active low) . —_ high = conversion complate)
5 Ag Byle select (low = D, - By, 26 OVR | OVerRange flag {valid at end of conversion
. high = Dg - D43, QVR) | when output code exceeds fulr-sc_ale, three-
S | Bemenent o= vt srabied B Ao
. = u anal er
7 DGND Diggital GrouNp['; :aturn = |28 | PROG Used rlor pr(:agtrzmmmg only. Tie to V™ for
- - ) normal ogeration )
g 31: :;: :: (most signiticant) i ’ 29 TEST | Used for programming only. Tie to V™ for
- . normal operation
10 Day B!t n High Byte a0 0OSC1 | Osciliator inverter input .

B N B!UD . 31 | 0802 | Oscillator inverter cutput i ]
12_| Dy [Bite Qutput 3 C | Short oycle input (high = 14-bit, fow = 12511
13. | Dy | Bita Data L operation)

14 i Bit7 Hi hBE?r i 33 WR W,Rnte pulse input (Jow starts new conversion)
15 Ds | BitS {High =True) . ) 34 |  Caz | Auto-zerc capacitor connection

16 Ds Bit5 . 35 v Negative power supply input

17 D, | Bit4 Low Byte 36 | COMP | Used in test, tie to ¥

18 D: | Bita ' 37 Vins | SENSE line for input voltage
19 i b, |Bitz oo 38 Vagrs | SENSE line for reference input
20 D; | Bit1 L 39 " |. AGND, | SENSE iine for analog ground
21 Do Bit O (least significant) i 40 Vine FORCE line for Input voltage

/O CONTROL TRUTH TABLE TRANSFER FUNCTION TABLE

CS|WR |RD A, |Bus FUNCTION - INPUT VOLTAGE _EXPECTED QUTPUT CODE

0] 0] x| x| x [initiates a Conversion Yaer = — 5.0V |OVA|MSB LSB

1| x| x| x| x [Disables ali Chip Commands | _ 0 G| 0/0000006000000] C

o 1 0o D |Low Byte is Enabled +0,0003 0 Q|00Cc00D0OC O 000G { 1

Q 1 0 14 @ | High Byte is Enabled ! ! +0.150 0 0 (0000OY1110101 A

0| 1 0 | %7 1 [Lowand High Bytes Enabied Together +2.4997 0 C T 11111141111 1

¥ | x | 1| x| x [Disables Outputs (High-Impedance} +2500 L D.U bobooogoon) 0

+4.9994 ] 1T (1t 111111114941] 0
+4.9997 S0 O T I T T O O G T B G T
+5.000 1 0 j0000QDOCO0DOD0]| D
+5.0003 A 01i000CO0000Q0O0ODQ 1
+5.150 1| ofoooet1t110101| 1
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ICL7415
DETAILED DESCRIPTION

The ICLT115 is basically a successive approximation A/D
¢onverter with an internal structure much more complex than
astandard SARtype converter. Figure T shows the functional
block diagraim of the IGLT115 14-bit AID converter. The addi-
tional circuitry incorporated into the ICL7115 is used ta per-
form efror correction and to maintain the operating speed in
the 40us range.

The internal 17-bit DAC af the ICL7115 is designed around a
radix of 1.85 rather than the traditional 2.00, This radix gives
each bit of the DAG 2 weight of approximately 54% -of the
previaus bit. The résult is a useable range that extends to 3%
beyond the full-scale input of the A/D. The actual valué of
each bit is measured and stored.inthe on-chip PROM. The ab-
solute value of each bit weight then becomes relatively unim-
portant because of the error correction action of the ICL7115,

- The output of the high-speed auto-zeroed eomparater is fed
to the data input of a 17-bit suceessive approximation
register (SAR). This register i$ uniguely designed for the
ICL7115 in that it tests bit pairs instead of individual bits in
the mannerof a standard SAR. At the beginning of the conver-
sian cycle, the SAR turns on the MSB (Bjgl:and the MSB-4 bit
(B12). The sequence continugs for edch bit pair, By and B4,
until only the four LSBs remain. The sequence concludes by

testing the four L§Bs individually. :

The SAR output is fed to the DAG régister and 1o the pre-

programmed 17-word-by 17:bit PROM where it-acts as PROM
address. PROM data is fed to a17-bit full-adder/accumulator

- VREFs Vins
Q
—AAA——O VREFT
Rin

AGNDy
17-BIT DAC
R-1.85R
AGNDg Q- )

BINTERSIL

where the decoded results from each successive phase of
the conversion are summed with the previous results. After
20 clock cycles, the accumulator containg the final binary
data which is latched. and sent to the three-state output bui-
fers. The accuracy of the A/D converter depends primarily
upon the accuracy of the data that has been programmed in-
to the PROM during the final test portion of the manufactur-
ing process.

The éfror correcting algorithm built into the IGLT115 reduces
the initial accuracy requirements.of the DAC. The averlap in
the testing of bit pairs reduces the accuracy requirements on
the comparator which has been optimized for speed. Since
the éomparator is auto-zeroad, no external adjustment is re-
quired to get ZERO code for ZERD input voltage.

Twenty clock cycles are required for the complete 14-bit con-
version. The auto-zero circuitry associated with the com-
parator is employed during the |ast three clotk cycles of the
conversion to cancel the effect of offset voltage. Also during
this time, the SAR and accumulator are-reset in preparation

[forthestart.of the nextconversion. Whenthe Short Cycle (SC)
input is low, 18 clock cycles arerequired to complete a12-bit

canversion.

The overflow output of the 17-bit full-adder is also the OVer-
Range (OVR] output of the ICL7115. Unlike standard SAR-type
AID converters, the ICL7115 has the capability of providing
valid useable data for inputs that exceed the full-scale range
by as much as 3%.

8¢ osci 0sc2

Vint

1,\. ry
+ -
VYo 7L L4
DGND O=—% S éAR |
. b < OWR
CONTROL LOGIC -
Vo o—b : : ——QEOC
17//
¥ vy l h4 .
} |—OC OVR
THREE:
L3 7-p| LATCH J A »| Laron bowl  sTate "L_?D‘a (MSB)
QUTPUTS
: ] | Oy (LSB)
! ADDER i Co
ACCUM
7 . RO GTSAp BUS

Figure 1. ICL7115 Functional Block Diagram
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ICL7115
ViN .
SOURCE — Vine
Vins
: |
VREF VREF!
SOURCE _
ICL7115
VREFs
AGNDs -
AGNDf

Figure 2. Viy and Vper Input Butfers

OPTIMIZING SYSTEM PERFORMANCE-

In arder to maintain full system. accuragy when using A/D
converters with more than 12 bits of resolution, special atten-
tion must be paid to grounding and the elimination of poten-
tial ground loops. A ground loop can be formed by aliowing
the return current trom the ICL7115's DAC to flow through
traces thatare commoen to other analog circuitry. If care is not
taken, this current can generate small unwanted vcltages
that add to or detract from the reference or input valtages of
the A/D converter.

Ground loops can be eliminated by the use of the analog
ground FORCE and SENSE .lines provided on the IGL7115.
Figures 2 and 3 illustrate the proper grounding techmque for
eliminating ground loops. Note that the input voitage AND
the reference voltage are referred to the analeg ground
SENSE input. In Figure 2 the FORCE ling is the only point that
is connected 10 system analog ground. Figure 3 shows how
an external op-amp can be used to force ground Inthis exam-
ple, dnly the non-inverting input of the op- amp is connected
to system analog ground.

The FORCE and SENSE -inputs for V) and ¥gge are also
shown driven by external op-amps. This technique eliminates
the etfect of small valtage drops which can appear betwéen

BINTERSIL

Ving

ViN
SQURCE |

ViNs

VREF VREFI
SOURCE
ICL7115
VREFs
AGNDs
AGNDt

Figure 3. Using a Forced Ground

for Vi and Vger, confections should be made directly to the

1 .SENSE lines. The external op-amps also serve to transform

the-relatively low impedance at the Viy and Vger pins into a
highimpedance. The input offset voltages of these amplifiers
should be kept low in order to maintain the overall A/D con-
verter system accuracy.

INTERFACING TO DIiGITAL SYSTEMS

The ICL7115 provides three-state data output buffers, G5, RD,
WR; and bus select inputs (Ag and BUS) for interfacing to a
wide variety of microcomputers and digital systems. The /O

" Control Truth Table shows the functions of the digital contrel

lines. The:BUS select and Ap lines are provided to enable the
output data onto either 8-bit or 16-bit data busses. A cone
version is initiated by a WR pulse (pin 33) when Chip Select
{pin 3} is low. Data is enabled. on. the bus when the chip is
selected and RD {pin 4) is low.

. Figura 4 illustrates a typical interface to an 8-bit microcom-

the input pin of the IC package and the actual resistor on the -

chip. If the small gauge wire and thé boads that connect the
chip to its package have more than 300m@ of total series
resistance, the result can be a voltage error equivalent to
1 LSB. There is an inconsequential 2000 resistor in series
with the Vi and Vgge FORCE inputs. If no op-amps are used

4.51

puter. The “Start and Wait" operation requires the fewes? ax-
ternal components and is initiated by a low level on the WR

ifhput to the ICL7115 afier the /O or memory-mapped address

decoder has brought the CS input low. After executing a
delay or-utility routine for a period of time greater than, the
conversion time of the ICL7115, the processor issues two con-
secutive bus addresses to read output data into two bytes of
memaory. A iow level on Ay enables the LSBs and a high level
enables the MSBs.
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v ADDRESS BUS
Ao
v
A ADDHESS Ag-AN
DECODE '
s le—
RD |4 RO ,
WR |+ WR
1CL7T1E P
OVR 8US _1
. D1-Dg_ Dy-Dus = Do-D7
- ‘ ] DATA BUS {

R Ao
RAp SRXRREHAISE
It s

‘00 KA

/e /o

x
R

)
el oq,///('
e SEEY ! ettt ettt
K S5 Shtetatatetetaty sy
X /}?02 Patedateds! BESBELLG0Y

AD

START __
CONVERSION

WAIT

atetel

X / A, uuo

NS
READ
1OWBYTE .

Figure 4. “Start and Wait” Operatlon
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ICL7115

By adding a three-state buffer and two control gates, the End-
of-Conversion (EOC) output can be used to control a “Start
and Poll” interface (Figure &). In this mede, the Ay and €3
lines cannect the ECC output to the data bus along with the
rmost significant byte of data. After pulsing the WR-line to in-
itlate a conversion, the microprocessor continually reads the
most significant byte until it detects a high level on the EOC
bit. The “Start and Poll” interface increases data throughput
compared with the “Start and Wait" method by eliminating
delays between the conversion termination and the
microprocessor read operation.

BINTERSIL

Other interface configurations can be used to increase data

-throughput without monopolizing the microprocessor during

waiting or polling operations by using the EOC fine as an in-
terrupt generator as shown In Figure 6. After the conversion
cycle is Initiated, the microprocessor can continue to ex-
ecute routines that are independent of the A/D converter until
the convarter's output register actually holds valid data, For
fastest data throughput, the ICL7115 can be connected di-
rectly to the data bus but controlled by way of a Direct
Memory Access (DMA) controller as shown in Figure 7.

7 - ] ADDRESS BUS ___ {
An )
L
v
Ag ADDRESS | Ag-An
DECODE o
WR |4 WR
CS |+
RO |« AD
1CLH15 aP
EOC
BUS 1
D7-D Di-Ds OVR[ © = Do-Dr
/ DATA BUS P
END OF
- . CONVERSION

e __\

a

T S AT S R N
P sy
“,‘.0 2 KKK .0.0.%‘ S 0’0 '0'0‘0’..0“’0.0.0,‘
K> KRHAX M
S

SRteteteleh%etstetatatetotetetatetete!

NN
ROBELLLLRRSEN
RN

b | S

. START
CONVERSION

POLL—— READ

HIGH BYTE

READ READ
HIGH BYTE LOW BYTE

Figure 5. “Start and Poll” Operation
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¢ ' ADDRESSBUS ™
Ag

Y
Ag ADDRESS Ap-AN
: DEGOPE
[ 4—-—'
D |« \ R
IcL7i5 WA [« _ : WR aP
EOC ‘ <—m| INT
VR BUS —l
D1-Ds  D7-Dis - Dp~D7
¢ DATA BUS \
INTERRUPT —|

5
|

EQC
.
ST A ST SNy LA I A A A XS0 R A A IHA
LK RN K P O A R RN o KRR AR

Ao s S Sis R ey s

: ?p%%%%é?m/m.aﬁﬁ tatatatel i tatatet RN KN IR XY RN
RD

START X N READ . READ

CONVERSION LOW BYTE ! HIGH BYTE

Figura 6. Using EQC as an Interrupt
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S ~ADDRESS BUS
Ap -
v v
Ap WR Ag-An
EOC »| oRaw
"D DACRN .
DMA
IGLTN5 CONTROLLER
OVR 1_
D1-Dg  Dy-Dia = Do-D7
S o '
g DATA BUS _ £
1
- i
EOC \
DACKn
Ap - /
READ
LOW BYTE
END OF READ START
CONVERSION " HIGH BYTE ™ CONVERSION

Figure 7. Data to Memory via DMA Controller
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APPLICATIONS

Figure 8 shows a typical application of the ICL7115 14-bit A/D
gonverter. A bipolar input voltage range of +5Vto —5Visthe
result of using the current through Ry to force a 1/2 scale off-
set on the input amplifier {Ag). The output of Az swings from
OV to —5Y. The ICLBO78-5D0 provides a very stable and ac-
curate + 5V for the reference buffer amplifier Ay, The overall
gain of the A/D is varied by adjusting the 100k trim resistor,
Rs. Since the reference voitage will have a tempco of
1ppmi°C, typically, and the ICL7115 is autormatically zeroed
every conversion, the system gain and offset stability wili be
superb as long as stable external resisiors are used.

In Figure 8, note that the 0.22uF auto-zero capacitor is con.
nected directly between the Gz pin and analog ground

BINTERSIL

SENSE. Aj forces the analog ground of the ICL7115 to be the
zero reference for the input signal. Its offset voltage is notim-
portant in this example bacause the voltage to be digitized is
teterred 1o the analog ground SENSE ling rather than system
analog ground. '

The elock for the IGL7115 is taken from whatever system
clock is available and divided down to the 500kHz level for a
conversion time of 40xs. Output data is controlled by the BUS
and A Inputs. Here they are set for 8-bit bus operation with
BUS grounded and A, under the control of the address
deonode section of the external system.

+15V = +5v
F 3 ﬂ‘
Jes. Jaz |28 |27
500kHz
VE Vo NPT 2 verem
R4 3
M As M DIVIDER J#— 2 aek
. £
ICLBO7BSDY Vg [—AAA—FS 100 2
25
v R2 .
1 100k PRa
l . 100K 50k a7 25
HI O—AAA—
—18V HIGH 8-BIT
~oPe7, ?;(TE DATA BUS
INPUT VOLTAGE a4 ICL7115 »
-+,
+5VTO -5V .
' L {LowsyTE
! Pl
LO O— ; 33
4 4
3
ADDRESS
5 DECODE
ANALOG 3
GROUND = w7 s .

DIGITAL
_sy /77 GROUND

Figure 8. Typical Application with Bipolar Input Range, Forced Ground, and Heated-Substrate Hefere‘née
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Because the ICL7118’s internal accumulator generates ac- connected to the reference voltage is selested and
curate output data for input signals as much as 3% greater * measured. These results, minus the system offset error,
than full-scale, and because the converter's OVR output represent the system fuli-scale range. A gain error correction
flags overrange inputs, a simple microprocessor routine can factor can be derived from this data. Since the ICL7115 pre-
be employed to precisely measure and correct for system vides valid data for inputs that exceed full-scale by as much
gain and offset errors. Figure 9 shows a typical data acquisi- as 3%, the OVR output can be thought of as a valid 15th data
tion system that uses a 5.0V reference, input signal bit. Whenever the OVR bit is high, hewever, the total 14-bit
multiplexer, and input signal Track/Hold amplifier. Two of the result should be checked to insure that it falls within 106% of
multiplexers input channels are dedicated to sampling the full-scale and 103% of full-scale. Data beyond 103% of full-
system analog ground and reference voltage. Here, as in scale should be discarded.

Figure 8, bipolar operation is accommodated by an offset

resistor between the reference voltage and the summing The |CL7115PI’0Vide'S an iniernal-fnverter, 0SCland OSCZ, for X
junction of Ay, A flip-flop in 1G5 sets IC2's Track/Hald input crystal or ceramic resonator o§ciIIator operation. The clock
after the microprocessor has initiated 2 WR command, and frequency is calculated from:

resets when EOC goes high at the end of the conversion. ;

foLk = for 14-bit operation
The first step in the system calibration routine is to select the ] teony
multiplexer channel that is connected to system analog and
ground and initiate a conversion cycle for the IGL7115, The 1
results represent the system offget error which comes from folk= for 12-bit operation
the sum of the offsets from 1G4, 1G,, and Ay Next the channel toony
7 ‘ ' ADDRESS BUS - ‘ ?
‘ Ao .
REFERENCE . .
5.000 OVec
= ) ADDRESS
DECODE
_ _L [
- , L1, 4
ADDRESS So0k VRer Ao BUS Bo-AR
DECGDE <
5k .
ANA Vis =3 |
—la AD RD
o—d WR — WR
- ICLY115 P
ANALOG | o-— o W
e IH5308 EQC “_D,,‘_
o— aur THZ5 .
o— MiF QVR
T aeae D7-Di__ D1=Ds : Do-Dyr
il , | L
R
DATA LATCH <—— _QG:
y ) DATA BUS B ] ) /

Figure 8. Multi-Channel Data Acquisition System with Zero and Reference Lines Brought to Muitiplexer for System Gain
and Cffset Error Correction
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PACKAGE QUTLINES Al dimensions are In inches {millimeters)

+0.010.

osst T
(+0.258)
0218 ozn
£0.006
(=0.15% |
0360 . &0.006 . " does=0.008
A (2045 = . 651 20208
0300 . =0.008 0.025
75 (=058 ' o i
0520 - 0,020
. 28 {0508} Nivare uaisid
o508 Bl e e
AiRIRjalN [EARIRANLE * 4%/
T . CERAMIC
] :KYOCERA-A-¢1)
[0 ]‘_
TYP 0.015
) fErz T
TYP

IIRININAN RN INIAIR

OAGGACL

1 —— —F =
PIN NO. 1 / —E==
INDEX —r
OO0 -
5 16 =
FLATING
TIE BARS
0.040 _“‘[).SD
(018~ {5138
0.040
I0 vp
{016 SLL L
’ famz]

T ooz e

{0508

0.040 Tvp

(.016)

0.100

O100 per
s
0.012 ' .
272 RTYP 0,025
{0:564) \ 0.008 T2 45 REF
s R TYP (0.625)

{208

Nota 1: Finish: Gold plated 60 micro inches minimum thickness over nickel pialed. :
Note 2: Pin number 1 connected to die attach pad ground

Leadiess Chip Carrier
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ICL711617117
312-Digit Single Chip
AID Converter with Dispiay Hold

FEATURES ' seven .segment decoders, display drivers, reference, and a

» HOLD Reading Input allows indefinite display hold clock. The 7118 is designed to interface with a liguid crystal

* Guaranteed zero reading for 0 volts input on all display (LCD) and includes a backplane:drive; the 7117 will
scales. g P directly drive an instrument-size light emitting diode (LED!

display.

o . N -
. 1““:\ polarity at zero for precise null detection. The 7116.and 7117 have almost all of the features of the 7108
pA input current fypical.
s True differential input ar!d ?’107 W:Iﬂ'll the adldltlon of a HOLD Reading |_nput With
» Direct display rive - | this input, it is possible to make a measurement and then
irect display drive - no external components retein the value onthe display-indefinitely. To make room for
required. — LCD ICL7116 this feature the reference input has been referenced to
.= LED 'CL7117 o Common rather than being fully differéntial. These circuits |,
' Low noise - less than 15,V pk-pk typical. retain the accuracy, versatility, and true economy of the 7108
+ On-chip clock and reference. - and 7107. High accuracy like auto-zero to less than 10uV,
* Low power dissipation - typically less than 10mwW. zero drift of less than 1aV/°C, input bias éurrent of 10pA
» No additional active circuits required. ~ maximum, and rolt over error of less than one count. The
versatility of true differential input is of particular advantage
when measuring load cells, strain gauges, and other bridge-
GENERAL DESCRIPTION type transducers. And finally the true economy of single :
The Intefsil ICL7116 and 7117 are high performance, low power supply operatian (7116), enabling a high performance
power 3-1/2 digit 'A/D converters. All the necessary active panel meter to be built with the addition of only seven passive

devices are contained on a single CMOS L.C., including compenents and a display. ) -
TYPICAL CONNECTION DIAGRAMS ‘

—M\Ia—1
av

B
v

T Joer
[

a7,

INTERSIL 116

Ig]éx}i-;llmwu‘udl»:ua"i..‘.-‘;E

e )

R R
ICL7116 with Liguid Crystal Display ICL7117 with LED Display -
ORDERING INFORMATION PIN CONFIGURATION _
| - e ook
¢l wpasca
: E B4 :‘; ) '|'Es1-MI
Part Temp. Ranga - Package Order Number | 210 2 Spad
7196 | 0°Cto +70°C | 40-Pin Geramic DIF | IGLP116GDL = L 223;‘;5,
7116. | 0°Cto +70°C | 40-PIn Plastic DIP | ICLT116GPL pecls © =PcowmoN
7116 | 0°Cto +70°C | 40Pin GERDIP | ICLT116GIL R I 4 SHAE
7117 0°C'to +70°C |- 40-Pin Ceramile DIP | ICL7117GDL g s shaz
717 DG to +70°C | 40-Pin Plastic DIF | ICL7117CPL 4= . T
7117 0°Cto +70°C | 40-Pin GERDIP IGL7117GJL R I BEY s
) 2| ri? 24 =
E3C]18 23343 8
(1000} AB3EQ1S 220 Ga) &
POL 1 BP/GND
(MINUS) THE)/ (7117

459



ICL7116/I1CL7117
ABSOLUTE MAXIMUM RATINGS

ICLT116 ‘ Supply Voitage vt
Supply Voltage (VT o Vi .. oo, P 15v '
Analog Input VoHage (either input) (Note 1) ..... Analog Input Voltage (either input) (Note 1) ..., vitav-
Referenice Input Voltdga.(eitherinput! ....... 50 .. . Reference Input Voltage (eitherinput) ........_,., V'_*'!o V-
HLDR, Clock Input . ....ovvi e, HLOR, Closk Input ..o GndtovT
Power Dissipation (Note 2) Power Dissipation (Note 2)
CeramicPackage ....ovevieivineiirinannnns, 1000 mW Ceramic Package .................0ovenes 1000mwW
Plastic PACKAGE ....oovnieiiinsiiiirnnnnnss BOO mwW Plastic Package ..........ovveviiennnennnn.. 800mW
Operating Temperature' . ..., ..v. ... el 0°Cto+70°C Operating Temperature ...........coov..... 0°Cto+70°C
Storage-Temperature .,...... .. v B8P Clo+160°C Storage Temperature .................. —55°Cto+160°C
Lead Temperature(Soldering, 8088¢) . . coiv iy - e 300°C tead Temperature (Soldering, 80sec) .............. 300°C

. Nole 1: Input voltages may exceed the supply voltages provided the input current is limited to *1004A,
Note 2: Dissipation rating assurnes device is mounted with:a¥ isads soldered to printed circuit board, )
Stresses dbove those listed under "Absolute Maximunr Ratings™ may vause permanent damage to the device. These are stress ratings cnly
and lunctiorial eperation.of the device at these ot any.other conditions above those indicated in the operational sestions of the specifica-
tions Is not implied. Exposure to absoiute maximum rating conditions for extended perfods may effect device reliability.

EL-ECTR!CAL CHARACT‘ERISTI"C_S Note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
Zere Input Reading Vin = 0.0V B ) -
. Full-Scale = 200.0mV -000.0 +000.0 +000.0- | Digital Reading
Ratiometric Reading. "ViN =VRer 999 88941000 1000 Digital Reading
: . : VREF = 100mV
Rollover Error {Difference in T =ViN= 4 Vin=200.0mY -1 *0.2 +1 Counts
reading for equa! positive and {
negative reading near Fu!l Scale! )
Linearity {(Max. devigtion from Full Scale = 200mv -1 0.2 +1 Counts
best straight tine fit) " of Full Scale = 2.000V :
Common Mode Rejection Ratic Vom = %1V, Vin =0V, 50 A
(Note 4¥ Fuli S¢ale = 200.0mV .
Noise (Pk - Pk value rict exceeded | Viy=0V 15 my
95% of time) ) Full Scale = 200.0mV
Leakage Current @ Input ViN =0V 1 10 . pA
Zero Reading Drift “Vin=0 0.2 1 Al
0°C<Ta<70°C ‘
Scale Factor. Température Vin =199.0mV 1. 5 ppm/°C
Goefficient [ 0°C<Ta<70°C
(Ext. Ref. 0 ppm/°C)
V* Supply Current (Does not Vin=0 08 1.8 mA
include LED current for 7117
V™ Supply Current (7117 only) 0.6 1.8 mA,
Analog Cornmen Voltage (With 25k between COMMON 2.4 28 3.2 V.
respect to pos. supply) : & pos. Supply -
Temp. Coeff. of Analog Commion | 25k2 between COMMON 80 ppm/°C
lwith respect to pos. Supply) _ | & pos. Supply .
Input Resistance, Pin 1 {Note 6) 30 ] : k(2
Vi, Pin 1 (7116 only) TEST +15 v
ML, Pin 117137 only GND +1.5 v
Viy, Pin 1 (Both) Vi —15 v
7116 ONLY ¥+ Y- =gy T4 5 B v
Pk-Pk Segment Drivé Voltage .
Pk-Pk Backplaneé Drive Voltage 4 5 6
(Note 5) ) . .
7117 ONLY . V¥ =50V . 5 8.0 mA
. Segment Sinking Current Segment Voltage =3V :
(Except Pin 19 i
(PIn 19 oniy) ) ) 10 16
Note 3: Unless otherwise noted, s'peciﬁc'ations apply to boththe 7116and 7117 &t fA=255uC‘ falpck =48kHz. 7118 is tested in thecircuit of Figure

1. 7117 is tested In the circuit of Figure 2. ' .

Refer to “Differantial Input” discussior. i . - . :

Back plané drive is in phase with segment drive for ‘off segment, 180° out of phase for ‘on’ segment. Frequency is 20 times conversion

rate. Average DG component is |é5s thian 50mV.

Note 6: The 7116 logic input'has an interrial pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an in-~.
ternal pull-down resistor cannected from HLDR, pin 1 to GROUND, pin 21.
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Note 5:



BINT=RSIL

ICL7116/ICL7117
TEST CIRCUITS

Bal At 10,0 my

Iﬂss.a.-.i;,- M

Figure 1: 7116

Figure 2: 7117

DETAILED DESCRIPTION
ANALOG SECTION

Figure 3 shows the Block Diagramof the Analog Section forthe ICL.7116 and 7117, Each measurement cycle is divided into thiee
phases. They are {1) autozero (A-Z), (2} signal integrate (INT) and (8) de-integrate (DE).

-
l Caz
Iﬂum

CReF
RiNT

Crer [ REF #I Caer BUFFER
_—— -e_. __________ €>3:_ —_

@az y—= TO DIGITAL SECTION
31 |
IN HI (o —R)
I INT
|
!
|
I
13z '
coMMoN GF
[ \
1 %Nz & DE)
meop
1 INT
L R ¥~ _ ————— s

-
Figure 3: Analog Section of 7116/7117

1. Auto-zero phase and IN LO for z fixed time. This differential voltage can be

During auto-zero three things happen. First, input high within a wide common mede range; within one volt of

and low are disconnected from the pins and internally
shorted to analog COMMON. Second, the reference
capacitor is charged to the reference voltage. Third, a
feedback loop is closed around the system to charge the
auto-zerc capacitor Gaz to compensate for offset
voltages in the buffer amplifier, integrator, and
comparator. Since the comparatoris included in the loop,
the A-Z accuracy is limited only by the noise of the
system. In any case, the offset referred to the input is less
than 10uV.

2. Signal Integrate phase

During signal integrate, the auto-zero loop is opened, the
Internal short is removed, and the internal input high and
low are connected to the external pins. Thé converter
then integrates the differential voltage between IN'HI

461

gither supply. If, on the other hand, the inputsignal has no
return with respect todhe converter power supply, INLO

“can be tied to analog COMMON to establish the correct

common-mode voltage. At the end of this phase, the
polarity of the integratéd signa! is determined. )

. De-integrate phase

The final phase is de-integrate, or reference integrate,
Input low s internally connected to aralog COMMON and
input high is cannected across the previously charged
reference capacitor. Circuitry within the chip ensures
that the capacitor will be connected with the correct
polarity to cause the integrator output to returh to zero.
The time reqiired for thé output to return to zero is
proportional to the input signal. Specifically the digital

reading displayed is 1000 (340,
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Ditferential input
The input can accept differential voltages anywhere within
the common mode range of the input amplifier; er
specifically from 0.5 voits below the positive supply to 1.0
‘valt above the negative supply. Inthis range the system hasa
CMRR of 86 dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised to assure the intégrator output does not saturate,
- A worse case condition would be a large positive common-=
mode voltage with a nearfull-scale negative differential input
voltage. The negative input signal drives the integrator
positive when most of its swing has been used up by the
pasitive common mode voltage, For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 2V fuli scale swing with Iittle 16ss of accuracy.
The integrator output can swing within 0.3 volts of either
supply without loss of lingarity. See A032 for a discussion of
the effects of stray capacitance.
Reference
The reference input must be generated as a positive voltage
with respect to COMMON. Note that current flowing in the
COMMON pins’ internal resistance causes a slight shift in
the effective reference voltage, disturbing ratiometric
readings at low reference inputs. If possible, do not let this
current vary.

{ Analog COMMON

|- This pin is included primarily to set the common mode
voltage for battery operation (7116 or for any system where
the input signals are floating with respect to the power
supply. The COMMOCN pin sets & voltage that is approxi-
mately 2.8 volts more negative than the positive supply. This
is selected to give a minimum end-of-life battery voltage of
about 6V. However, the analog COMMON has some of the
attributes’ of a' reference voltage. When the total supply
.voltage is large enough 10 cause the zener to regulate (>7V),
the COMMCN voltage wiil have a low voltage coefficient
1.001%/%i, low output impedance (=1501), ahd a temperature
coefficient typically less than 80ppm/°C.

The limitations of the on-chip reference should atso be
recognized, however. With the 7117, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package
thermal resistance can increase noise near full scale-from 25
uV 10 80 uVpk-pk. Alse the linearity in going from a high
dissipation count such as 1000 (20 segments on) to a low
dissipation countsuch as 1111 (8 segments on} can suffer by
a count or more. Devices with a positive TC referance may
require several counts to pull out of an evérléad condition.
This is because overload is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between overload and a non-

overload count as the die alternately heats and cools. All
these probiems are of course eliminated if an external
reference is used.

The 7118, with its negligible dissipation, suffers from none of
these problems. In either case, an external reference can
easily be added, as shown in Fig. 4.

Analog COMMON is also the voltage that.input low returns
to during auto-zero and de-integrate. If IN LO is different
from analog COMMON, a common mede veltage exists in
the system and is taken care of by the excellent CMRR of
the converter. However, in some applications IN LO will be

BINTERSIL

set at a fixed known voltage (power supply common for’in-
stance). In this application, analog COMMON should be tied

- ta the same poirt, thus removing the common mode voltage

from the converter.

v v 6.0k
6.8 VOLT
ZENER
REF Hi| T116/7117
GOMMON l'z REF HI 11, 8069
1.2V REFERENCE
71167117
COMMON
V-
(a} {b}

Figure 4: Using an External Reference

Within the IC, analog COMMON is tied to an N channel FET
that can sink 30mA or more of current to hoid the voltage 2.8
volts below the positive supply iwhen a load is trying to pull
the common ling pesitivel. However, there is only 10uA of
source current, so COMMON. may easily be tied to a more

- negative voltage thus over-riding the internal reference..

TEST - .

The TEST pin serves two functions. On the 7116 itis coupied
to the internally generated digital supply through a 5000
resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentationthe user may wanttoinclude on the
LCD display. Figures 5 and & show such an application. No
more than a 1 mA load should be applied.

7116 10100
INTERSIL DECIMAL POINT
IT1750

BF‘|21 B
TEST 5
” TOLCD
BACK PLAKE

Flgure 5: Simple Inverter for Fixed Decimal Peint

[ Lo
e N 1
BR| )
1
1 p
1
. ! D‘_ | ToLEP
116 DECIMAL 7 I DECIMAL
POINT — ! POINTS
SELECT J i

D>+

1
CDdp3o0

W-=DPON, L__ 4 __
1. GROUND = DP GFF. T‘\
GND

Figuri 6: Exclusive 'OR' Gate for Decimal Point Drive

The second function is a “lamp test”. When TEST is pulled to
high {to V") all segments will be turned on and. the display
should read - 1888. [Caution: on the 7116, in the lamp fest
mode, the segmernits have a constant DC voltage {fo square-
wave) and will burn the LCD display if left in this mode for
several minutes.]
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DIGITAL SECTION

Figures 7 and 8 show the digital sectiori for the 7116 and
7117, respectively. In the 71186, an interhal digital ground is
generated from a & velt Zener diode and a large P channel
source foilower, This supply is made stiff to absorb the
relative large capacitive currents when the back plane.(BF}
voltage is switched. The BP frequency is the clock frequency
divided by B0U. For three readings/second this is a 60 Hz
square wave with a nominai amplitude of 5 volts. The
segments are driven at the same frequency and amplitude
and are in phase with BPF when OFF, but cut of phase when
ON. In all cases negligible DC voltage exists across the
segments.

Figure 8 is the Digitat Section of the 7117. It is identical
except the requiated supply and back plane drive have been

eliminated and the segment drive has been increased from 2

DISPLAY FONT

[ ~
wore

GINTERSIL

to 8 mA, typical for instrument size common anode LED
displays. Since the 1000 output (pin 19 must sink current
from two LED segments, it has twice the drive capability or 16
mA. .

In both devices the polarity indicator is ON for negative
analog inputs. This can be reversed by simply reversing IN
LO and IN HI.

HOLD Reading Input

The HLDR input will prevent the latch from being updated
when this input is at a legic “HI". The chip will continue o
make A/D conversions, however, the results will not be
updated to the internal latches until this input goes low. This -
input can be left open or connected to TEST (7116 or
GROUND (7117) to continuously update the display. This
input is CMOS compatible, and has a'70k typical resistance
to either TEST {7116} or GROUND (7117},

BACK PLANE

O

TYPICAL SEGMENT OUTPUT

v+

7 Sogmiont T 7 seament
Decode Decode

LCD PHASE DRIVER I

LATCH

. |
A e T

2mA

| Thousand

Hundreds Tens Urlis |-—‘

internal Digltal Ground

To Swlhch Drivers

¥+

L

From Qutp 1
CLOCK . .
—E— - wocic ccnrna— s.2v
\
Internal Digite! Ground .
TOk
40 ) 39 2 '
—_ ——— —— by JESNSNNRF: . L pE -
HLDR
0sC 1 osca 2 osc3a

. Figure 7: Digital Section 7116
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Figure & Digital Section 7117

Systemn Timing:

Figure 8 shows the clocking arrangement used-in the 7116
and 7117. Three basic clocking arrangements can be used:

1. An external oscillator connected to pih 40,
2. A crystal between pins 38 and 40.
3. An R-C oscillator using all three pins.

T1I8/T117 I
TO 1

COUNTERY

o

I

I

CRYSTAL . ;

T ozamn

o ——————-

o EXTERMNAL
SCILLATOR R¢ NEYWORK

YEST (7118}
or GND {7117}

Figure 9: Clock Circuits

The oscillator frequency is divided by four before it clocks
the decade counters. It is then further divided to form the
three convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate-(0 to 2000-¢couhisi-and auto-
zéro (1000 to 3000 counts). For signals less than full scale,
auto-zere gets the unused portion of reference deintegrate,
This makes.a complete measure cycle of 4,000 (16,000 clock
" pulses) independent of input voltage. For three readings/
second, an oscillater frequency of 48kHz would be used.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 80 Hz. Oscillator
frequencies of. 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 33'4 kHz, etc. should be selected. For S0HZ
rejection, Oscillator frequencies of 200kHz, 100kHz,
66 24 kHz, 50kHz, 40kHz, ete. would be suitable. Note that
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40kHz (2.5 readings/second) will reject both 50 and 80 Hz
lalso 400 and 440 Hz).

COMPONENT YALUE SELECTION
1. Integra_@i‘ng Resistor

Both the buffer amplifier and the integratorhave a class A
output stage with 100pA of quiescent current. They can
supply 20uA of drive current with negligible non-linearity.
The integrating resistor shouid be large enough to remain
in this very linear regionh over the input voltage range, but
small engcugh that undug leakage requiremernts are not
placed on the PC board. For 2 volt full scale, 470k(} is
near optimum and similarly a 47k for 4 200.0 mV scale.
2. Integrating Capacitor
" The integrating capacitor should be selected te give the
maximum veltage swing'that ensures tolerance build-up
will not saturate the integrator swing lapprox. 0.3 volt
from either supply). In the 7116 or the 7117, when the
- :analog COMMON is used as a reference,a nominal +2volt
full scale integrator swing.is fine. Forthe 7117 with 5 volt
supplies and analog common tied to supply ground, a
£3.5 to =4 volt swing is nominal. For three readings/
second (48kHz clock), nominal vaiues for CiNT are 0.22
and 0.10uF,respectively. Of course, if different osclllator
frequencies are used, these values should be chahged in
Inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
it have low dielectric absorption to prevent roll-over
errors. While ather types of capacitors are adequate for
this application, polypropylene capacitors give
undetectable errors at reasonable cost.

3. Auto-Zero Capacitor

The size of the auto-zerc capacitor has some influence on
the noise of the system. For 200 mV full scale where noise
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is very important, a 0.47uF capacitoris recommendéd. On
the 2 voit scale, a 0.047,F capacitor increases the speed
of recovery from overload and is adequate for noise on
this scale.

. Reference Capacitor
A 0.1uF capacitof gives good results in most applications.

If rollover efrors occir a larger value, up to 1.0uF may be ‘

required.

. Oscillator Components

For all ranges of frequency a 100k resistor is

recommend@oa" and the capacitor is selected from the
45

equation f = Fe. For 4BkHz clock (2 readings/second), C ke i
= 100pF. Vo
O5C 2|
. Reference Voltage s

The analog input required to generate fuil-scale output
{2000 counts) is: ViN = 2VRer. Thus, for the 200.0 mV and
2.000 voit scale, VRer should equal 100.0 mV and 1.000
volt, respectively. HGwéver, In many applications where
the A/D is connected fo a transducer, there will exist a
scale factor other thah unity betwesn the Input voltage
and the digital reading. For instance, in a weighing sys-
tem, the designer might like to have a full-scale reading
when the voltage from the transdicer is 0.682V. Instead
of dividing the input down to 200.0mV, the designer
should use the input voitage directly and selact Vrer =
0.341V. Suitable values for Integrating resistor and
capacltor would-be 120kQ and 0.224F. This makes the
system slightly quieter and also avoids a divider netwerk
on the input. The 7117 with +5 volts supplies ¢an accept
input signals up to =4 volts. Another advantage of this
system occurs when a digita! reading of zero 'is desired

BINTERSIL

for Vin+0. Temperature and weighing systems with a
variable tare are examples. This offset reading can be
conveniently generated by connecting the voltage trans-
ducer between IN H! and COMMON and the variable (or
fixed) offset voltage between COMMON and IN LO.

7. 7117 Power Supplies

The 7117 is designed to work from %5 volt supplies.
However, if a negative supply is not available, it can be
generated from the clock output with 2 diodes, 2
capacitors, and an inexpeénsive |.C. Figure 10 shows this
application. See ICL7660 data sheet for an alternative.

7

GNDJ

Figure 10: Genherating Negative Supply frem +5v

In fact, in selected applications no negative éupply is
required. The conditions to use a-single +5¥ supply are:

1. The input signal can be referenced ta the center of the
coemmon mode range of the converter.

2. The signal is less than =1.5volts.
3. An external reference is used.

TYPICAL APPLICATIONS * -

TFhe 7116 and 7117 may be used in awide vanety of configurations. The circuits which follow show some of the pOSS!bIlItIeS and
serve to illustrate the exceptional versatility of these A/D converters.

7118 . ur a0
08¢ 1] asc 1] - '
= 100K01 ] 0 H 00K
1 S8 VREF = 100.0m¥ o 2”—@ S#1 VREF=100.0mY
] oscaf] 1}
Tesr ] 100pF . vesT [ * 106pF * /
REF HI ] ¥ REF HI] J—-= - 3
v+ —AA—AAN—— . v [T— " b— r5V
cREF[T—a. ®a z2K0 CREF [ —0,. o KN 2Ka
cner 5O %H © REF [ TR
coMMoNT ——sy MO " CoMMON | }—————o 1ML +
=~ . =
i = o YV N n; L VVY I
FATaF, L A - 2
":‘_' = i Z2uF - il my BuF v
2 [ ) [ m
E; u }-ru DISPLAY :z g l-rn DISPLAY i
G ] Gs ] i
BP [ ——+ TQ BACK PLANE [ e -
1l 7 4
Figure 12: 7117 using the internal reference. Values shown are for
Figure 11: 7116 using the interna! reference. Values shown are for 200.0 mV full scale, 3 readings per second. IN LO may be tied to
200.0 mV full scale, 3 readings per second, floating supply voltage either COMMON for inp uts floating with respectio supplies, or GND
(3V battery). for single ended inputs. (See discussion under Analog Sommon.}
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Figure 13: T116/7117: Recommended component values tor“Z.DOOV'

full scale.
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Figure 15: 7117 tmeastiring ratiometric values of Quad Load Cell, The
registor values within the bridge are determined by the desired
sensitivity. |
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APPLICATION NOTES

AD16''Selecting A/D Converters,” by David Fullagar. .

AO017"The Integrating A/D Converter,” by Lee Evans, -

AD18"Do's and Don'ts of Applying AiD Gonverters,”
by Peter Bradshaw and Skip Csgood.

A019'414-Digit Panel Meter Pemonstrator/Instru-
mentationh Boards,” By Michael Dufort.

A023"Low Cost Digital Panel Meter Designs," by
David Fullagar and Michael Dufort.

AD32"Undeérstanding the Auto-Z&ro add Common-Mods
Behavior of the |CL7108/7/9. Family,” by Peter
Bradshaw. ' -

" AD4E“Building a Battery-Cperated Atto Ranging DVM

with the ICL7106," by Larry Goff.

AD4AT"Games People Play with Intersil's AlD Converters,”
edited by Peter Bradshaw.

A052'Tips for Using. Single-Chip 3v2-Digit A/D Con-
verters,” by Dan Watson.
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Figure 14: 7117 operated from single -5V supply. An external

reference must be used in this application, since the voltage between

v and V™ is insuffisient for correct operation of the internai
reference. ’
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Figtsre 16: 7116 used as a digital centigrade thermometer. A silicon
dicde-connacted transistor has a temperature coefficient of about
-2mV/° C. Calibration Is achieved by placing the Sensing transistor
in ice water and adjusting ihe zeroing poteértiometer for a 000.0
reading. The sensof should then be placed in boiling water and the
scale-factor potentiomete? adjustec for 100.0 reading.



FEATURES

« Guaranteed zero reading for 0 Volts input on all scales
» True polarity at zero for precisé null detection

o ipA typical input current o

» True differential input and reference

» Direct LCD display drive — no external components
required '

Pin compatible with the ICL7106

Low noise — less than 15uV p-p

On-chip clock and reference

Low power dissipation guaranteed less than 1mW
No additional active circuits required

Evaluation Kit available (ICL7126EV/KIT)

8,000 hotirs typical 9 Voit battery life -

ICL7126
Single-Chip 312-Digit
Low-Power A/D Converter

GENERAL DESCRIPTION

The Intersit ICL71286 is a high performance, very low power
31%-digit A/D-converter, All the nacessary active devices are
contained on a single CMOS IC, including seven segment
deccders, display drivers, reference, and ¢lock. The 7126is
designed to interface with a liquid crystal display (LCD) and
includes a backplane drive. The supply current is 100pA,
ideally suited for 9V battery operation.

The 7126 brings together an unprecedented combination of
high accuracy, versatility, and true economy. High accuracy,

* like auto-zero to less than 10uV, zero drift of less than

ipv/eC, input bias-current of 10pA max., and roliover error
of less than one count. The versatility of true differential
input and reference is useful in ail systems, but gives the
designer an uncommon advantage when measuring load
cells, strain gauges and other bridge-type tfansducers. And
finally the true economy of single power supply operation
allows a high performance panel meter to be built with the
addition of only 7 passive components and a dlsplay
The ICL7126 can be used as a.plug-in replacement for the
ICL7106 in a wide variety of apphcatmns changmg only the
passnve components

g
Ei 3 ts) |2t 1) 8
Ed ~
INTERSIL7126 -
8
| la| 1o fal [al {2 [of o] o1 |of 1| o] |ef (ot [l el ef foi [3] 2

ICL7126 with Liquid Crystal DIsplay

PIN CONFIGURATION

.

(UNITS)

ICL7126

(TENS)

{100°s}

ORDERING INFORMATION

Package Order Number
40-Pin Ceramic DIP| tCL7126CDL

Part | Temp. Range
7126 0°C to +70°C

7126 0°C to -+70°C | 40-Pin Plastic DIP |ICLT126CPL
7126 6°C to +70°C | 40-Pin CERDIP ICL7126CJL
7126 Kit Evaluation Kits

ICLT1Z6EV/IKIT

4-87




ICL7126
ABSOLUTE MAXIMUM RATINGS

| BINTERSIL
Power Dlsmpatlon (Nate 2)

Ceramic Package ....0......ooooiiiiiiinnn, 1000mw

Supply Voltage v to £ TN 15V Plastic PACKAGE «vvvvvveraeermmecatiiisiiinanss 800mwW
-Analog Input Voliage (either input) (Note:1)..... Vitov- Qperating Temperature ........cooooviniias 0°C to +70°C
Reference [Aput Voltage (gither input) .......... Vito V- Storage Temperature......covveeieivnns —85°C to +160°C
Clock Input...... S (AN TEST to v* Lead Temperature (Soldering, 60sec).............. 300°C

Note 1: Input voltages may exceed the supply voltages provided the Input current is limitéd to £100uA,
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

*COMMENT: Stresses above those hsted under “Absolute Maximurm Ratings" may cause permanent damage to the devices. This is a stress
rating.only and functional operation of the devices.at these or any other conditions above those indicated in'the opérational sections of the
speciflcations is net implied. Exposure. to absolute maximum rating ¢onditions for extended perlods may affect device reilabliity.

ELECTRICAL CHARACTERISTICS (Nots 3)

CHARACTERISTICS CONDITIONS MIN CTYP MAX UNITS
Zero Input Reading Vin=0.0V N _
o ) Full Scale = 200.0mV —000.0 +000.0 ' +000.0 Digital Reading
| Ratiometric:Reading I'ViN=VREF - - 999 999/1000 1000 Digital Reading
o . 1 VREF=100mMV :
" ‘Rollover Error (Diffefence in VN = YN = 200.0mY - +0.2 +1 Counts
readi}hg‘for equal positive and o :
negative reading near Full Seale} )
Linearity (Max. deviation from Full' scale = 200mV -t +0.2 +1 Counts
best straight line fit) or full scale = 2.000V o
Common Mode Rejection Ratio Vom =1V, ViN=0V. 50 uVv
{Note 4 ) Full Scale = 200.0mV :
Noise (Pk - Pk valuenot exceeded | ViN=0V ' 15 wv
95% of time) Full Scale = 200. OmV '
Leakage Current@input Vin=0V . -1 U pA
Zero Reading 'Drift, - Vin =0 . 0.2 1 uM/eC
. - 0°C<Ta<70°C
Scale Factor Temperature ViR = 199.0mV E 1 5 ppm/°C
Coefficient - | 0°G < Ta<70°C 1 '
L . {Ext. Ref. 0 ppm/° C) o
Supply Current (Does not [ Ving =0 A 50 - 100 uh
include COMMON current) .| (Note & - ) _ _ _
Analog COMMON Voltage (With | 250K() between Commor 8] 2.4 2.8 3.2 Y
respect to pos. supply} .. |-Pos. Supply :
_Temp. Coeff. of Analog COMMON | 250K between Common & 80 ppm/°C
" (with respect to pos. SupplyY [ pos.Supply .. :
Pk-Pk Segment Drive Voltage Vt to V- =0V 4 5 B v
(Note &) : . . :
Pk-Pk Backplane Drive Voltage - V1o V=0V ‘ B 5 6 vV
(NoteB) . | : : : - .
| Power Dissipation Capacltance [ vs. Clock Frég. ‘ 40 | pF

Note 8: Unless otherwise noted, specifications apply at Ty, = 25°C, ;o0 = 16kHz and are tested in the cirouit of Figure 1.
Note 4: Refer to "Differential Input” discussion.
. Note 5: Back plane drive is in phase with segment drive for 'off' segment, 180° out 0f phase for ‘on’ segment Frequency is 20 times conversian
rate. Average DC component is less then 50mV.
Note 6: During auto zero phase current is 10-20pA higher. 48kHz osclllater, Figure 2, increases current by 8uA (typt

.
-’
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TEST CIRCUITS ’
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Figure 1: 7126 Clock Frequency 16kHz. (1 reading/sec)

DETAILED DESCRIPTION

ANALOG SECTION

Figure 2 shows the Block Diagram of the Analog Section for
the IGL7126. Each measurement cycle is divided into three

BINTERSIL

i3l
k1

INTERSIL 7126

‘Figure 2: Clock Frequency 48kHZ. (3 readings/sec)

phiases. Theéy are (1) auto-zero (A-Z), (2) signal integrate (INT)
and (3) de-integrate (DE).

[=F] i %, Rt l Caz 1 GinT
. ' AUTO
Crir REF HI REF LO Crer™ BUFFER vt Izznu. INT o
Fe————— -E — T — —_——g———— o) e i e i i e e e i e e
. ] % 33 28 T+ 29
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[}
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1

!

1

. |
comMmon §F

INTEGRATOR

g— TO DIGITAL SECTION

COMPARATOR

| yPUT
LOW

‘ %Afz & DE(#)
30
o —@—
L

INT . . v L-ze

— a2

1. Auto-zéro phase ]
Curing auto-zero three things happen. First, input high
and low are disconnected from the pins and internally
shorted to amalog COMMON. Second, the reference
capacitor is charged to the. reference voltage, Third, a
feedback loop is closed around the system to charge the
auto-zero capacitor Caz to compensate for offset voltages
in the buffer amplifier-integrator, and comparator, Since
the comparator is included in the loop, the A-Z-accuracy
is limited only by the itoise of the system..In any case, the
offset referred to the input is less then 10aV.

2. Signal Integrate phase

During signal integrate, the autc-zerc'loop is opened, the
internal short is removed, and the internal input high and
low are connected to the external pins. The converter
then integrates the differential voltagé betweén IN HI and

IN LO for a fixed time. This differential voltage can be -

4.69

Figure 3: Analog Séction of 7128

withih a4 wide common mode range; within oné Valt of
either supply. If, on the other hand, the input signal has
no return with respect to the converter power supply,
IN LO can be tied to analog COMMON to establish the
corfect common-modé voltage. At the end of this phase,
the polarity of the infegrated signal is determined.

. De-integrate phase

The final phase is de-integrate, or reference integrate,
Input low is internally connected to analog COMMORN

" and input high is connected across the previously charged

reference capacitor. Circuitry within the chip ensures
that ‘the capacitor will be connected with the correct
polarity to cause the integrator cutput to return to zero.
The time reguired for the output to return to zero is
proportional to.the input signal. Specifically the digital

reading displayed is 1000 (gi).




Differential Input
The input can accept differential voltages anywhere within

the common mode rante of the input amplifier; or specifically,

from 0.5 Volts below the positive supply to 1.0 Voltabove the
negative supply. In this range the system has a CMRR of
86 db typical. However, since the integratoralse swings with
the common mode voltage, care must be exercised to assure
the integrator dutput does not saturate. A worst case condi-
fion would bé a large positive common-mode voltage with a
near full-scale niegative differential input valtage. 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 1o less than the recommended 2V full
scale swing with littie loss of ascuracy. The integrator output
qén swing within 0.3 Volts of either supply without loss of
linearity. Co :

Differential Reference

The teference voltage can be generated anywhere within
the power supply voltage of thé converter. The main source
of cammon mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capagity
d on its nodes. If there is a large common mode voltage, the
| roference capacitor can gain charge (increase voltage)
i when called up 1o de-integrate a positive signal but lose
charge {decrease voltage) when celled up to deintegrate a
negative input signal. This difference in reference for (+) or
(=) input voltage will give & roll-over error. However, by
selecting the reference capacitor large enough'in comparison
to the stray capacitance, this error can be held to less than
0.5 count for the worst case condition. (See Component
Value Selection.)

Analog COMMON

This pin Is included primarily to set the cemmon mode
vaoltage for battery operation or for any system where the
input signals are floating with respect to the power supply.
The COMMON pin sets a voltage that is approximately 2.8
Volts more negative than the positive supply. Thisis selected
to give a minimum end-of-life battery voltage of about BY.
However, the analog COMMON has some of the attributes of
a reference voltage. When the total supply voltage is large
enough to cause the zener to regulate (<7V), the COMMON
voltage will have a low voltage coefficient (0.001%/%),- low

BINTERSIL
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Figure 4 Using an External Reference

output impedance f(=15f1), and a temperature coefficient
typically less than 80ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
{TC) can cause some degradation in performance. Temper-
ature changes of 2 to 8°C, typical for instruments, can
give a scale factor error of a count or mare. Also the common
voltage will have a poor voltage coefficient when the total
supply voltage is less than that which will cause the zener
to regulate (<7V). These problems are eliminated if an
external reference is used, as shown in Figure 4,

Analog COMMON s alse used as the input low return dur-
ing autozero and delntegrate. I IN LO is ditferent from
analog COMMON, a common made voltage exists in the
system and is taken care of by the excellent CMRR of the
converter. However, in some applications |N LO will be set
at a fixed known voltagé (power supply common for in-
stance), kn this application, analog COMMON should be tied
to the same point, thus removing the common mode voltage
from the converter. The same holds trué for the reference
voltage. If reference can be conveniently referenced to
analog COMMON, it should be since this removes the com-
mon rmode voltage from the refersnce system.

Wwithin the |C, analog COMMON is tied to an N channel FET
that can sink 100uA or.more of current to hold the voltage
2.8 Volts below the positive supply (when a load is trying to
pult the common ling positive}. However, there is Dnly 1A
of source current, so COMMON may easily be tied to a more
negative voltage thus over-riding the internal reference.

Test

The TEST pin serves two functions. It is coupled to the
internally generated digital supply through a 5001} resistor.
Thus it can be used as the negative supply for externally

7126 T0 LGD
INTERSIL DECIMAL POINT

1T1750

BP

TEST

TOoLCD
BACK PLANE

Figure 5: Simple Inverter for Fixed Decimal Point

4-70

generated segment drivers such as decimal points or any
other presentation the user may want toinclude on the LCD
display. Figures 5 and 6 'show such an application. No more
than a 1mA load should be applied. ’

[ g
v*oap VY, 1
)
Ran Dan
y 1 TOLCD
7126 DECIMAL I I > DEGIMAL
POINT 1 { poite
SELECT ! '
I l‘ g |
¥*=dpON |
BROURD = ap oFF 000
I T
Figure 6: Exclusive "OR’ Gafe for Decimal

Point Drive |



ICL7126

The second function is a “lamp test.” When TEST is pulled
high {to V') all segments will be turned on and the display
should read — 1888, The TEST pin will sink about 10mA
under these conditions.

Caution: In the lamp test mode, the segments have a
constant D-C voltage (no square-wave) and may burn the
LCD display if left in this mode for extended periods.

"DIGITAL SECTION

Figure 7 shows the digital section for the 7126, An interpal
digital ground is generated from a 6 Volt Zener diode and a
large P channel source follower. This supply is made stiff
to absorb the relative large capacitive currents when the
back plane (BF) voltage is switched. The BP frequency is
the clock frequency divided by 800, For three readings/second
this is a 60 Hz square wave with a nominal amplitude of
5 Volts. The segments are driven at the same frequency and
amplitude and are in phase with BP when OFF, but out of
phase when ON. In all cases negligible DC voltage exists
across the segmenis. The polarity indication Is “ON” for
negative analog inputs. If IN LO and IN HI are reversed, this
indication can be reversed also, if desired.

DISPLAY FONT
gi23

=t

45 g3

BINTERSIL

o 0
'——D"_"E" GOUNTER

EXTERNAL g
OSCILLATOR, CRYSTAL

AC NETWORK
TEST

Figure 8: Clock Circuits

System Timing )

Figure B shows the clocking arrangement used in the 7126.
Three basic clocking arrangements can be used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.
3. An R-C-escillator using all three pins.

The oscillator frequency is divided by four before it clocks
the decade countérs. If is then further divided to form. the
three convert-cycle phases. These are si_qnal integrate (1000
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counts), reference de-integrate {0 to 2000 counts) and auto-
zers (1000 to 3000 counts), For signals less than full scale,
auto-zero gets the unused portion of reference deintegrate.
This makes a complete measure cycle of 4,060 (16,000 clock
pulses) independent of input voltage. For threg readings!
second, an oscillator frequency of 48kHz would be used.

To achieve maximum rejection of 80 Hz pickup, the signal
integrate ¢ycle should be a multiple of 60 Hz. Oscillator
frequencles of 60kHz, 48kHz, 40kHz, 33-1/3kHz, etc. should
be selected. For 50Hz rejection, oscillator frequencies of 66-
2/3kHz, 50kHz, 40kHz, etc. would be suitable. Note that
A0kHz (2.5 readings/second) will -reject both 50 and 60Hz
{also 400 and 440Hz).

COMPONENT VALUE SELECT!ON

1. Integrating Resistor .
Both the buffer amplifier and the integrator have a class A
output stage with 6uA of guiescent current. They can
supply ~1xA of drive current with negligible non-lingarity.
The integrating resistor should be large enough to remain
in this very linear region over the input voltage range, but
small encugh that undue leakage requirements are not
placed on the PC board. For 2 Volt full scale, 1.8MQ is
near optimym and similarly 180k{) for a 200.0mV scale.

. Integrating Capacitor
The integrating capaciter should be selected to give the

will not saturate the integrator swing (approx. 0.3 Volt
from gither supply). When the analog COMMON.is used-
as a reference, a nominal £2 Volt full scale integrator
swing Is fine. For three readings/second (48kHz clock)
nominal values for Cint are 0.047uF, for 1/sec (16kHZ)
0.15uF. Of courss, if different oscillator frequencies are
used, these values should be changed in inverse pro-
portion: to maintain the same output swing.

The integrating capaciter should have low dielectric
absorption 1o prevent roll-over errors. While other types
may be adequate for this application, polypropylene
‘capacifors give undetectable errors at reasonable cost.
At three readings/sec., a 7500 resistor should be placedin
series with the integrating capacitor, to compensate for
comparator delay. See App. NoteAm?foradescrlptlon of
the need and effects of this resistor.

maximum voltage swing that ensures tolérance build-up -

BINTERSIL

3. Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system. For 200mV full scale where
noise is very Important, a 0.32uF capacitor is recom-
mended. On the 2 Volt scale, a C.033uF capacitor,
increases the speed of recovery from overload and is
adéquate for nolse on this scalé,

4. Reference Capacitor

A 0.1uF capacitor gives good results in most applications
However, whete a large common mode voltage exisis
{i.e., the REF LO pin is not analog COMMON} and &
200mV scale is used, a larger value is required te prevent
roll-over .error. Generaliy 1.0uF will hold the fell-over
error to 0.5 count in this instance,

5. Oscillator Components

Fof all ranges of frequency a 50pF capacitor is recom-

mended and the resistor is selécted from the approximate

equatmn f~—-, For 48kHz clock (3 readings/second),
= 180k0.

6. Reference Voltage

The analog input required to generate full-scale output
(2000 counts) is: VIN = 2VREF. Thus, far the 200.0mV and
2,000 Volt scale, VRer should equal 100.0mV and 1.000
Volt, respactively. However, in many applications where
the A/D is connected to a transducer, there will exist a
scale factor other than unity between the input voltage
and the digital reading. For instance, in & weighing
system, the designer might like to have a full scale read-
ing when the voltage from the transducer is D.682V.
Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and salect
VREF = 0.341V. A suitable value for integrating resistor
would be 330k This makes the system slightly quieter
‘and also avoids the necessity of a divider network on the
input. Another advantage of this system occurs when a
digital reading of zero is desired for Vin 0. Temperature
and weighting systems with a- variable tare are examples.
This offset reading can be conveniently generated by
cennecting the voltage transducer between IN HI and
COMMON and the variable (or fixed) offset voltage
between COMMON and IN LO. :

TYPICAL APPLICATIONS

The 7126 may be used in a wide variety of configurations.
The circuits which follow show some of the possibilities,

Y
=3

To pin 1 4———

=7 osc1 [ SoORT
osc2 ] -
osc 3l Set Vrel.= 100.0mY
TEST [T 50pF
REF HiI [] =
REFLO| ———
CREF——2p 0 10KA 2200
C REF L }—T
COMMON [ 1T———% 1ML +
=
I HI — EX 1]
N Lo P
Az T =
BUFF =
T e 1 sarr -
v
G2 ]
]
~ "_‘] TO DISPLAY
&
BP [ ]—— 7O BACK PLANE
2

Figure 3; 7126 using the internal reference. Values shown are for
200.0mV full scale, 3 readings per second, floating suppiy yoltage
19y battery).
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and serve to illustrate the exceptional versatility of these,
A/D converiers, ‘

....U‘_- Ll
osc 1

DsC 2

0sC 3
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REF HI
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Figure 10: 7126 wﬁh an external band-gap reference (1.2¥ type)
IN LO is tied to COMMON, thus establishing the correct common
mode voltage. COMMON acts as a pre-regulator for the reference.
Values shown are for 1 reading per second.
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TYPICAL APPLICATIONS (Contd.)

Tapin1
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Figure 11: Recommended component values for 2.000V full scale, 3
readings per second. For 1 reading per secend, delete 7500 resistar,
change CinT, Ross tfo values of Fig. 10.

Figure 12: 7126 with Zener diode reference. Since low T.C. zeriers
have breakdown voitages ~6.8V, digde must be placed across the
total supply (10V). As in the case of Figure 11, IN.LO may be tiedtc

COMMON.

T
To pin 1 To pln1
40 ——— 40 !
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g:‘ég = A Set Vret = 100.0my | g:g: n
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Ge [ —— Gz ]

i: = TO DISPLAY z = 1O DISPLAY !
a: ]
GND Eu.-—-—--ru BACK PLANE BRI 10  BACK
z1 21 =

Figure 13: 7126 operated from single +5V supply. An external
reference must be used fn this application, since the voltage betwean

Flgure 14: 7126 measufing ratiometric values of Quad Load Cell.
The resistor values within the bridge are determined by the desired

viandv_is insufficient for correct operation of the internal reference. sensitivity.
Tapin vt
——— 40 1 40
os¢ 13— . $——fJva ~ osc1fd
as¢ [} o oscz | ]
osc 3f7 1 Scale tactor adjust To e asea [
TesT ] S0pF Slilean NPN togic “la TEST
f— .+ MPS3TOdor g
= 00K, ¥ A 100K simitar Voo Ciat REFHI ]
REF Lo [] < C}F REFLO T 1 i
CREFL T r—mg, o 200K1L A70K0 e et creF F1 gup.,
CREFI T— — VYV — VW b 3] CREF ]
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IN HI :W"—I zoro adiust R ez ;1) |
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A7z ] T _— a2 wnz 5
BUFF ] = F2 BUFF ]
Nt ——4 = =3 INT ] .
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[ ] : ‘ Fa = ]
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— ! 0 21
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Figure 15; 7126 used as a digital centigrade thermometer, A silicon . Gpaoz M
or T4C10 CD4eT?

diode~connected transistor has a témperature coefficient of about
~2mV/2E, Calibration is achieved by placing the sensing transistor
in ice water and adjusting the zeroing potentiometer for a 000.0
reading. The sensor should then be placed in beiling water and the
scale-factor potentiometer adjusted for 100.0 reading.
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Figure 16: Circuit for developing Underrange and Ovetrange signals

from 7126 outputs.

*Vaiues depend on ciock frequency. See Figure 8, 10, 11,
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TYPICAL APPLICATIONS (Contd.)
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Figure 17: AC to DC Converter with 7128. Test is used as a common mode reference leve! to ensure compatibility with most op-amps.

APPLICATION NOTES

AD16 “Selecting A/D Converters”, by David Fullagar.
AQ17 “The Integrating A/D Converter”, by Lee Evans.
. AD18 “Da's and Donts of Applying A/D-Converters”, by Peter Bradshaw and Skip Osgood.
o A018 “42-Digit Pane! Meter Demeonstrator/instrumentation Boards”, by Michael Dufort.
B A023 “Low Cost Digital Panel Meter Designs”, by David Fullagar and Michael Dufort.
A032

“Understanding the Auto-Zerc and Common Mode performance of the IGL7106/7/9 Family”, by Peter Bradshaw.

AD46 “Building a Battery-Operated Auto Ranging DVM with the ICL7106", by Larry Goff,
AD52 “Tips for Usmg Single-Chip 3% -Digit A/D Converters”, by Dan Watson.

7126 EVALUATION KITS

After purchasinga sample of the 7126, the majority of users
will want to build a simple veltmeter. The parts can then be
evaluated against the data sheet spemflcatlons and tried
out in the intended application.

To facilitate evaluation. of this unique‘circu'\t, Intersil is
offering & kit which contains all the necessary components
to build a 3%-digit panel meter With the ICL7126EV/KIT and

the small number of additicnal components
requifed, an enginser or technician can have
the system “up and runnirig” in about half.an
hour. The kit contains a circuit beard, a
display (LCD), passive components, and
miscellaneous hardware.

ATH



FEATURES

+ 19,599 count A/D converter accurate to = count
+ 10u.V resolution on 200mV scale

+ 110dB CMRR

+ Direct LCD display drive

¢ True differential input and reterence

* Low power consumption

» Decimal point drive outputs

¢ Overrange and underrange cutputs

* Low battery detection and indication

= 10:1 range change input

ORDERING INFORMATION

GENERAL DESCRIPTION

The Intersil ICL7129 is & very high-performance 4%-digit
analog-to-digital converter that directly drives a multiplexed
liquid crystal display. This single-chip CMOS integrated cir-
cuit requires only a few passive compenénts and a reference
to operate. And it is ideal for high-resolution-hand-held digital
multimeter applications.

The performance ofthe-fCLT‘léQ has not beer equaled before
in a single-chip A/D converter. The' successive integration

. technique used in the ICLT129 results in accuracy better than

. for continuity, giving both a visuai indicationand a logic leve! I8

0.005% of full-scale and resolution down to 10zV/count.

The ICL7129, drawing: oily 1mA from a 9V battery, is well
suited for battery powered instruments. Provision has been
made for the detection and indication of a “LOW BATTERY”
cendition. Autoranging instruments can be made with the
ICL7129 which provides ovarrange and underrange outputs
and 10:1 range changing input. The ICL7129 instantly checks

output which can enabie an external audible signal. These
features and the high performance of the ICL7129 make it an
extremely versatile and accurate instrument-on-a-chip.

.PART | PACKAGE TEMPERATURE | ORDER NUMBER |
7129 | 40-Pin CERDIP | 0°Cto +70°C ICL7128CJL
7129 40-Pin Plastic 0°Cto +70°C ICL7128CPL
7129 40-Pin Plastic | 0°Cto +70°C ICL7129RGPL
7129 Dice 0°C to +70°C ICL28CH
7129 Flat Pack

“TYPICAL APPLICATION
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ABSOLUTE MAXIMUM RATINGS

Supply Voltages(VYtoV™) .oooeieian s e 18Y
Referende Voltage{(REF HIorREFLO) .......... NPtovT
Input Voltage (Note 1) ‘
CONHIGUNLO) v P AR LA
VDISP ...... [ e . ...V*tDDGND—O.,SV

Digital Input Pins
. 1,2,18,20, 21,22, 27,

37,38,89,40 ..............

e DGNDtoV*

Power Dissipation'(Note 2

BINTERSIL

CERDIP package..... ... e . ....1000mW
Plasticpackage ..........ocnnnnt s .. .B00MW
OperatingTemperature .........cooevnn. .0°Cto +70°C
Storage Temperature ............ . ....—B5°Clo +160°C

Lead Soldering Temperature

e 2. 900°C

Note 1: Input voltages may excesd the supiply voltages provided that input current is limited to = 400xA. Currents above this value may result In

Invalid display readings but will not destroy the device if limited to = ImA.

Note 2: Dissipation ratings assume gevice is mourited with all leads soldered 1o printed circuit board,

Stresses above those listed under “absolute Maximum Ratings" may cause permanent daimage to the device. These are siress ra tings only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica-
tiona is not implied, Expostre to absofute maximuni rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS v to V™ =8V, Vagr =1.00V. Ty = +25°C, f ¢ = 120kHz, unless otherwise noted.

CHARACGTERISTICS ] CDNDIT!ON_S _MIN: TYP MAX UNIT
Zero-Input Réading Vig =0V o] 0000 + 00C0. Reading
] 200mV Scale '
Zero Reading Dtift V=0V =05 A
. 0°C < Ty <, +70°C
Ratiometric Reading Vg = VRéF = 1000mY 9998 9959 10000 Reading
RANGE =2V b
Range Change Accuracy Vin =0.10000V on Low 0.999% 1.0000 .1.0001 Ratio
Range -+
Vi = 1.0000V on High Range N
Rallover Error —Vin =+ V) =189mV 05 0
- - Counts
Lingarity Error 200mV Scale 05.
input Common-Mode Vep = 1.0V, Viy =0V 110 dB
Rejection Ratio 200mV Scale
Input Common-Made Ny =0V VMT)+1.8 (w*)-05 v
Voltage Range 200mV Scale
Noise {p-p Value not Vi =0V . 7.0 AY
Exceeding 95% of Time) 200mV Scale
Input Leakage Current Vi =0V, Pin 32, 33 1 10 oA
Scale Factor Tempco Vyy = 199mV 2 5 pprf*C
0°C < Ty < +70°C
External Vgep = 0ppm/°C ]
COMMON Voltage - V* to Pin 28 28 3.2 a5 v
COMMON Sink Currént ACGomman = +0.1Y 0.6 ma
COMMON Scurce Current aSommon = — 0.1V 12 uA
DGND Voltage V* tg Pin 36 45 '53 5.8 v
VT toV© =9V .
DGND Sink Current ADGND = +0.5Y 1.2 mA
Supply Voltage Range Vitev” B g 14 v
Supply Gurrent Excluding viiov T =9V 1.0 1.4 ma
COMMON Current
Glock Frequency 120 360 kHz
Display Multiplex Rate fork = 120kHz 100 Mz
Vpigr Resistance Voigpto V' 50 k2
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ELECTRICAL CHARACTERISTICS (Continued)V* 1oV =8V, Vpgr = 1.00V. Ty = + 25°C, T, « = 120kHz, unless otherwise noted.

CHARACTERISTICS CONDITIONS MIN ] TYP MAX UNIT
Low Battery Flag | vTtevs 6.3 7.2 ’ 7.7 v
Activation Voltage :
CONTINUITY Comparator | Vous Pin27=HI 100 | 200 .y
Threshold Voltages Vgur Pin 27 = LO 200 . 400
Pull-Down Current Plng 37. 38, 20 .2 10 uh
"“Weak Output” Current Pin 20, 21 . 33 A
Sink, Source | PIn 27 SinkiSource - ’ 318 #
Pin 22 Source Current . 40 A
Pin 22 Sink Current : 3 “

LOW BAYTERY CONTINUITY

R
LLLLLLLLY

BACKPLANE
SEGMENT DRIVES DRIVES
- , - — — F—*ﬂ
ANNUNCIATOR
] | oRvE
r— ; g - —
osci |
LATCH, DECODE | v
DISPLAY MULTIPLEXER oise

T T

UP/DOWN RESULTS COUNTER

¥

SEQUENCE COUNTER/DECODER

iL | |

|

|

|

|

|

|

|

|

|

+ ¢ 4 : i
: : 1

{1 ANALOG SECTION ’ |
AT o]

|

|

|

I

| * CONTROL LOGIC
|

|

|

|

L 3

RANGE UH v+ v~ DGND OR UR DP2 DPy

DP; DP3

Figure 1. Simplified Block Diagram of ICL7126 Digital Section
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ICL7129
s Table 1. Pin Assignments and Functions
PIN NAME - FUNCTION PIN NAME . - FUNCTION
1 | 0O8C1 Input to first clock inverter, 23 | vT - | Negative power supply terminal.
2. {osc3 Quiput-of second clock inverter, 24 |y Positive powsr supply terminal, and
3 [ANNUNCIATOR | Backplane squarewave output for driv- positive rail for dispiay drivers.
DRIVE ing annunciators. . - —
: 25 | INTIN Input to integrator amplifier.
4 |By, Gy, CONT Cutput to display segments; d - 8 P —
5 |A, Gy, Dy Qutput to display segments. 26 | INTOUT Output of integrator amplifier.
& |F, E; OPy ‘Quiput to display segrents. 27 | CONTINUITY INPUT: When LO, continuity flag on the
7 | By, Gp, LO BATT | Qutput to displéy segments. F!iSD|E.y is off. When HI, continuity flag
i I8 on. .
8 [A20G20, Quiput te d!splay segments. OUTPUT; HI when voltage between in-
9 [Fs,EpOPy | Outputlo display segments. ' puts ts leas than -+ 200mY. LO when
10 [Ba, Cg, MINUS Qutput 1o display segments, ‘| vortage between inputs is more than
11 | A;, Gs, Dy Output to display segments. \ ' +200mV. ]
12 | Fg, E; DPy Output to display ssgments. - ' 28 | COMMON Sets common-mode voltage of 3.2V
13 | By Cq BCy | Output 1o display segments. below V* for DE, 10X, eto. Can be used
14 | A, D, G, QOutput 1o display segments, as pre-reguiator for external reference.
15 | Fu B DPy Qutput to display segments. 29 | Crer+ Positive side of external reference .
16 |BP3 Backplane #3 output to display. capacitor.
17 |BP2 : Bagkplane #2 output to-display. 30 | Crep— Negative side of external referance
18 |BP1 - Backplane #1 output to display, ) : tapacitor. ’
12| Voige Negative rall for display drivers. 31 | BUFFER Cutbut of butter amplifier
20 {DP4OR INPUT: When HI, turns on most signifi- __ -
cant decimal point. 32 [ INLO Negative input voltage terminal.
OUTPUT: Pulled HI when result count 33 [ INHI * Positive input voltage terminal.
gxceeds = 19,899, —_— 34 | REF HI .| Positive reference voltage input
21 | DP4/UR INPUT: Second, most significant terminal.
decimal point on when HI. -
QUTPUT: Pulled HI when result count 35 | REF LO Negative reference voitage inpul
is less than = 1,000, terminal. '
22 | LATCH/HOLD INPUT: When floating, A/D converter 36 | DGND Ground reference for digital section.
) operates in the free-run mode. When
pulled HI, the iast displayed reading is 37 | RANGE '3_"‘12 Sull-idowntlfo; 203\|:an ST:IE’ Pulled
| heid. When pulled LO, the result : externally for 2V scae.
counter contents are shown increment- 38 | DP, Internal 3uA pull-down, When HI,
ing during the de-integrate phase of decimal point 2 will be on. -
cytle. 39 | DPy Internal 3uA pull-down. When Hl,

OUTPUT: Negative going edge o¢curs
when the data Jatches are updated.
Can be used for converter status
signal. i

decimal point 1 will be on.

40 | O8C2 Output of first clock inverter. Input of
] second clock inverter.

DETAILED OPERATION DESCRIPTION

Intersil’s ICL7129 is a uniquely designed single-chip A/D con-
verter. It features a new “successive integration” technique
to achieve 10uV resolution on a 200mV full-scale range. To
achieve this reselution a 10:1 improvement in noise perform-
ance over previous monolithic CMOS A/D converters was

" accomplished. Previous integrating converters used an ex-
ternal capacitor to store an offset correction voliage. This
technique worked well but greatly increased the equivalent
noise bandwidth of the converter. The ICL7129 removes this
source of error (noise) by not using an auto-zero ¢apacitor.
Offsets are instead cancelled using digital techniques. Sav-,
ings in external parts cost-are realized as well as improved '
noise performance and elimination of a source electromag-
netic and electrostatic pick-up.

The overall block diagrarn of the JCL7129 is shown in Figure 1.
The heart of this A/D converter is the sequence counter/
decoder which drives the centrol logic and keeps track of the'
" many separate phases required for each conversion cycle.
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The sequence counter is constantly running and is a sepa-
rate counter from the up/down resuits counter which is ac-
tivated only when the integrator is de-integrating. At the end
of a conversion the data remaining in the results counter Is
latched, decoded and multiplexed 1o the liquid crystal
display.

The analog section block diagram shown in Figure 2 includes

- all of the analog switghes used to configure the voltage

sources and amplifiers in the different phases of the cycle.
The input and reference switching schemes are very similar
to those in other less accurate integrating A/D converters.
There are 5 basic configurations used in the full conversion
cycle. Figure 3 illustrates a typical waveform on the in-
tegrator output. INT, INT;, and INT; all refer to the signal
integrate phase where the input voltage is applied to the
integrator amplifier via the buffer amplifier. in this phase, the
Integrator ramps over a fixed period of time in a direction op-
pasite to the pelarity of the input voitage. .
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Figure 2. ICLT12% Analeg Block Diagram
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Figure 3. Integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and Residue Voltage

DE4, DE, and DE; are the de-integrate phases where the ref-
erence capacitor is switched in series with the buffer ampli-
fier and the integrator ramps back down to thelevelit started
from befcre integrating. However, since the de-integrate
phase can terminate only at a cleck pulse transition, there is
afways a small overshoot of the integrator past the starting
point. The ICL7129 amplifies this overshoot by 10 and DE;
begins. Similarly DE;'s overshoot is amplified by 10 and DE3
begins. At the end of DE; the results counter holds a number
with 5% digits of resblution. This was obtained by feeding
counts into the results counter at the 3% digit level during
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DE,; into the 42 digit level during DEp and the 5%z digit level
for DEs. The effects of offset in the buffer, integrater, and
comparator can now be cancelled by repeating this entire se-
quence with the inputs sherted and subtracting the rasults
from the original reading. For this phase INT; switch is closed
to give the same commen-mode voltage as the measurement
cycle. This assures excellent CMRR. At the end of the ¢ycle
the datain the Up/down résults counter is accurale to 0.005%
-of full-scale and is sent to the display driver for decoding and
multiplexing.
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COMMON, DGND, AND “LOW BATTERY”

The COMMON and DGND (Digltai GrouND) outputs of the
ICL7129 are generated from internal zener diodes (Figure 4),
COMMON is included primarily to set the cornmon-modes
voltage for battery operation or for any system where the in-
put signals float with respect to the power supplies. It also
functions as a pre-regulator for an external precision refer-
ence voltage source. The voltage between DGND and V™ is
the supply voitage for the logic section of the ICL7129 in-
cluding the display multiplexer and drivers. Both COMMON
and DGND are capable of sinking current from external

loads, but caution should be taken to insure thai these out-

puts are not overloaded. Figure 5 shows the connection of ex-
ternal logic circuitry to the ICL7129. This connection will work
providing that the supply current requirements of the logic do
not exceed the current sink capability of the DGND pin.

BINTERSIL

more supply current is required, the buffer in Figure 6 can be
used to keep the Ivading on DGND to a minimum. COMMON
can source approximately 12zA while DGND has no source
capability.

The "LOW BATTERY" annunciator of the display is turned on
when the voltage between V* and V~ drops below 7.2V
typically. The exact point at which this occurs is determined
by the 6.3V zener diode and the threshold veltage of the
n-channel transistor connected to the V™ rail in Figure 4. As
the supply voltage decreases, the n-channel transistor.con-
nected to the Verail eventually tufns off and the “LOW
BATTERY" input to the logic section is pulled HIGH, turning
on the "LOW BATTERY"” annunciator. -

»-

K

C) “LOW

BATTERY"

.

S

2
T4 V+
3.2v
l COMMON
28 Q CO
sV
LOGIC
SECTION
b EODGND
p
= ov-

Figure 4. Biasing Structure for COMMON and DGND
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Figure 5. DGND Sink Current
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1O PORTS

Four of the pins ofthe ICL7129 can be used as either inputs or
outpuis.. The specific pin numbers and functions are de-
scribed on the Pin Assignments and Functions (Table 1). If
the output functien of the pin is not desired in an application
it can easily be overriden by connecting the pinto V* {HY) ar
DGND (LO). This connection will aot damage the device
because the output impedance of these pins is quite high. A
simplified schematic of these input/output piss is shown in
Figure 7. Since thére is approximately 500k in series with
the output driver, the pin {when used as an output) can only
drive very light loads such as 4000 series, FT4CXXtype CMOS
logic, or-ather high input impedance devices. The output
drive capability of these four pins is limitedto 3uA, nominally.

DP4/CR PIN 20
DPR3ILR PIN 21
LATCH/HOLD PIN 22
CONTINUITY PIN 27

Figure 7. “Weak Output”

BINTERSIL

LATCH/HOLD, OVERRANGE, AND

UNDERRANGE TIMING °

The LATCH/HOLD output {pin 22) will be pulled low duringthe
last 100 clock cycles of each full conversien cycle. During this
time the final data from the:ICL7129 counter is latched and
transferred to the display decoder and multiplexer. The con-
vérsion cycle and LATCH/HOLD timing are directly related to
the clock frequency. A full ‘conversion cycle takes 30,000
clock cyclés which is equivalent to 60,000 osciliator cycles.
OverRange (OR pin 20) and UnderRange (UR pin 21) outputs
arelatched onthe failing edge of LATGH/HOLD and remain in
that state until the end of the next conversion cycle. In addi-
tion, digits 1 through 4 are bianked during overrange. All three
of these pins are “weak outputs” and can be overridden-with
external driversor pull-up resistors to enable their input func-
tions as described in the Pin Assignments and Functions
(Table 1). ‘

INSTANT CONTINUITY

A comparator with a built-in 200mV offset is connected di-
rectly between INPUT Hl and INPUT LO of the ICL7129 (Figure
8). The CONTINUITY output (pin 27) will be pulied high when-
ever the voltage betwesn the analog inputs is less than
200mV. This will also turn on the “CONTINUITY" annunciator
on the display. The CONTINUITY output may be used to
enable an externat alarm or buzzer, thereby giving the ICLY129
an audible continuity checking capability. Since the
CONTINUITY output is oné of the four “weak cutputs' of the
ICL7129, the “continuity” annunciator on the display can be
driven by an external source if desired. The continuity func-
tion can be overridden with 2 pull-down resistor connected
between CONTINUITY pin and DGND (pin 36).

TO DISPLAY

CONTINUITY 1}

» DRIVER
(NOT LATCHED)

Figure 8. “Instant Cantinuity” Comparator and Output’ Structure
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DISPLAY CONFIGURATION

Tne IGL7120 is déesigned to drive a triplexed liguid. erystal
display. This type of display has three backplanes and is
driven in a multiplexed format similar to the LCM7231 cisplay
driver family. Tha specific display format is shown in Figure 9.
Notice that the polarity sign, decimal points, "LOW, BAT-
TERY”, and “CONTINUITY" annunciatprs are direct!y driven
by the ICL7129. The individual segments and annunciators
are.addrassedin a mannersimilar to row-column addressing.
Each backplane {row) is connected to one-third of the total
number of segments. BP1 has-ali F, A, and B segmentsof the
four ieast significant digiis, BP2 has all of the G, E, and G
segments. BP3 has all D.segments, decimal points, and.an-
nunciators. The segment lines (columns) are connected in
groups of three bringing.ail segments of the display out on
just 12 lines. . .

EINTERSIL
ANNUNCIATOR DRIVE ' -

A special display driver output is provided on the 1CL7129
which is intended to drive various kinds of annunciators on
custom Miltiplexed liquid erystal displays. The ANNUN-
CIATOR DRIWE output (pif 3) is a squarewave signal rurining
‘at the backplane frequericy; approximately 100HZ. This
signal swings from Vpgpto V¥ and-igin sync with the three
backplane outpuits BP1, BPZ, and BP3. Figure 10 shows these
fouroutputs.on the samedimé andvoltage scales.

Any annunciater associated with-any of thethres backplanes
can be turned oh simply by donnesting it to the ANNUN-,
CIATOR DRIVE pin. To turn an anhunciator off connect itto its
backplarie. An example ofa display and annunciator drive
scheme is shown in. Figure 1.

BP1

BACKPLANE

= ,ﬁ’m r?

CONNEGTIONS

) ﬂcﬁg v ovs

| LEEee

—» 2P3

lLﬂW—BAT—'FEH%

TN

Fa, Es, DPg
Aa,Ga, Dy
B4, Ca4, BCs
F3, E3, DP3
Az, Ga, D

B1, C1, CONTINUTTY
A, G4, D

F1, E1, D

Bz, Cz, LOW BATTERY

Az, Gz, D2

Ba, C3, MINUS

Fz, Bz, DP2

Figure 8. Tfiplexed Liquid Crystal Display Layout for‘ leL7zs
BP1 _FJ_L—J_—F_\—L
. —I_r—L_r—L_l—\_r—L_rLl'
““'W

ON SEG.

Figure 10. Typical Backplane and Annunciator Drive

Waveforms
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ANNUNCIATOR

BACKPLANE

AMPS
VOLTS . ANNUNCIATOR

OHM
BACKPLANE

Figure 11. Multimeter Example Showing Use of Annunciator Drive Output

v v
F A
“1IN4148 . 39k 1
24 24 *
20k 22322
19
VoDIsP . Vbisp
Sk 1CLT129 ICL7129
DGND 3 DGND
76k 18k il
23 )23
V v
V- V-
Figure 12. Two Methdds for Temperature Comp-ensating‘the
Liquid Crystal Display
DISPLAY TEMPERATURE COMPENSATION COMPOMNENT SELECT|ON

For most applications an adequate display can be obtained
by connecting Y pisp (pin 19) to DGND (pin 36). In appl:catlons
where a wide temperature range is encountered, the voltage .
drive levels for some- triplexed: liquid crystal displays may
need to vary with temperature in order to maintain good
display contrast and viewing angle. The amount of tempera-
ture compensation will depend upon the'type of liquid crystal
used. Display manufacturers can supply the temperature
compensation requirements for their displays. Figure 12
shows two circuits that can be.adjusted to give atemperature
compansation of =+ 10mV/°C between V* and-Vpsp. The
diode between DGND and Vpgp should have a low turn-on
voltage to assure that no forward current is injected on the
chip if Vp)gp is mere negative than DGND.
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There are only three passive compeonents around the [CL7128
that need special consideration. in. selection. They are the
reference capacitor, integrator resistor, and Integrator
capacitor. There is no auto-zerc capacitor like-that foind in
earlier integrating A!D converter designs..

The integrating resisior is selected high enough to-assure
good current lingarity from the butfer amplifier and integrator
and low enough that PC board leakage is not a problem. A
value of 150k should be optimum for most applications. The
integratat capacltor is selecied to give an optimum inte-
gratorswing at full-scale. Alarge m':egrator $wing will reduce
the effect of noise sources in the comparator but wiil affect
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rollover errar if the swing gets too close to the positive rail
{=0.7V). This gives an optimum swing of =2.5V at fuli-scale.
For 150k integrating resistor and 2 gonversions per second
‘the value is 0.10uF. For different conversion rates, the value
will change in inverse proportion. A second requirement for
good linearity is that the capacitor have fow dielectric ab-
sorption. Pelypropylene caps give good pérformance at a
reasonable price. Finally the foil side of the cap should be
connected to the integrator output to shield against pick-up.

The-only requirement for the reference cap is that it be low
leakage. In order to reduce the effects of stray capacnance. a
1.0¢F value is recommended.

CLOCK OSCILLATOR

The ICL7128 achieves its digital range changing by integrat-
ing the inpu$ signal for 1000 clock pulses.(2,000 oscillator
cycles) on the 2V scale and 10,000 clock pulses on the 200mV
scale. To achieve complete rejection of 80Mz on both scales,
an oscillator frequency of 120kHz is required, giving two con-
versions per second.

\n low resolution applications, where the converter uses only
3% digits and 100V resolution, an R-C type oscillatoris ade-
quate. In this application a C of 51pF is recommended and
the resistor value selected from fuge =0.45/KC. However,
" when the converter is usedto its full potential (4% digits and
10V resolution) a crystal oscillator is recomimended 1o pre-
vent the noise from.increasing as theinput signal is incréased
due to frequency jitter of the R-C oscillator. Both R-C and
- erystal oscillator gircuits are shown in Figure 13.

|
IeLm28 |
|
—_

SpF 120kHz

Figure 13. RC and Crystal Oscillator Circuits

POWERING THE ICL7129

The ICL7129 may be operated as a hattery powered hand-held
instrument or integrated into arger systems that have more
sophisticated power supplies. Figures, 14, 15, and 16 show
various powering modes that may be used with the ICL7129.

‘The standard battery connection using 4 8V battery is shown
on the front page of this data sheet.

The power connection for systems with 45V and ~ BV sup-
plies available is shown in Figure 14. Notice that meas-
urements are with respect to ground. COMMON is not con-
‘nected to INPUT LO but is used only as a pre-regulator for the
external voltage reference.
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It is important to notice that in Figure 14, digital ground of the
IGL712% (DGND pin 36} is not directly connected to power sup-
ply ground. DGND is set internally to approximately 5V less
than the V* terminal and is not intended to be used as a
power input pin. It may be used as the ground reference for
external logic, as shown in Figure 5 and 8. In Figure 5, DGND
is used as the negative supply rail for external logic provided
that the supply current for the external logic does not cause
excessive loading on DGND. The DGND output can be buf-

. fered as shown in Figure 6. Here, the'logic supply current is?

shunted away from the ICL7129. keepmg the load on DGND
tow. This treatment of the DGND output is necessary to in-
sure compatibility when the external logic is used to inter-
face directly with the logic inputs and outputs of the tCL7129.

+5Y
0
AA
A
L,-.
L |
Vaer b P ICLenss
DAgF P
REFLOFY
BeteF 1GLT128
;s 2
J_—~—| I—‘ DGND COM
- INHI 331.—4/%’—0**
I Vin

LS i&%‘g -
23

Figure 14. Powering the ICLT128 from + 5V and — 5V Power
Supplies

When a battery voltage between 3.8V and 7V is desired for

peratmn avoltage doubling circuit should be used to bring
the voltage on the ICL7129 up.to a level within the power sup-
ply voltage range. This operating mode s shown in Figure 15.

24
v Rer|34,
+|_ HI
= ReFLO 25
- avToeY
=T , Bl panp  comfE—
.8 oLz ;
. a3 .
2 INHI —""‘"—"I‘VW—O +
+ . ¥
: | = ml | W
U] QR I v- 10
; %)
5
10F
|1
+1

Figure 15. Powering the ICL7129 from a 3.8V to 6V Battery
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Again measurements are made with respect to COMMON
since the entire system is floating. Voltage doubling is ac-
complished by using -an ICL7660 CMOS voltage converter
and two inexpensive electrolytic capacitors. The same princi-
ple applies in Figure 16 where the ICL7129 is being used in a
systém with only a single +5V power supply. Here
measurements are made with respect to power supply
ground.

A single polarity power supply can be used to power the
IGL7129 in applications where battery operation’is not ap-
propriate or convenient only if the power supply is isolated
from systern ground. Measurements must be made with
respect to COMMON or $ome other voltage within its input
‘comman-mode range.

VOLTAGE REFERENCES

The COMMON output of the ICL7129 has a temperatura coef-
ficient of £80ppm/°C typically. This voitage is only suitable
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as a reference voltage for applications where ambient-tem-
perature variations are expected to be minimal. When the
ICL7129 is used in most environments, other voltage refer-
ences should be considered. The diagram on the front page
of this data sheet shows the ICLB0G2 1.2V band-gap voltage
source used as the reference for the ICL7129 and the COM-
MON output as its pre-regulator. The reference voltage for the
ICL7129 is set to 1.000V for both 2V and 200mV full-scale
operation.

Figures 17 and 18 show twa .other methods for generating
preeision references that are compatible with the 1CL7129.
Both reference voltage and input voltage are connected to
power supply ground. The use of a 8.2V reference diode is
shown in Figure 18. The voltage drop across Rq=238V to
_minimize rellover error caused by stray capasitance charging
or discharging the reference capacitor. The reference voltage
in this case is taken with respect to V*+ and is adjusted with
the trim potentiometer connected 10 REF LO (pin 35).

+5V 0O
A 24
e DT F v+
0AF
| I_ﬁ icLrize |28
8 LU
. 2 A Ot
+ Vin
S10:F I -
3 oureso |4 L
i 23 — :
5 =
10uF
| I__
s
-

V+
A
Is s
B,
o ]
REF HI Lb
- REFERENCE
ICLT29 . L5
REFLO|E 3
cOom —M — 7
. k] )
IN'HI| IWV—O +
—_ Vin
INLO| 2 . l_ O -
123 =
v
V- .
Figure 17. Using a Heated-Substrate 1.000V Reference with the
ICLT129 :

Figure 16. Powering the ICL7129 from a Single Polarity Power Supply
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Figure 18. Using a 6.2V Reference Diode with the ICL7129
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SINNERSIIE

FEATURES

* 14.bit linearity (0.003% FSR}

¢ No gain adjustment necessary

*" Microprocessor-compatible with double bufteied
inputs )

¢ Bipolar application requires no extra adjustments
or external resistors

ICL7134
- 14-Bit yP-Compatible
"Mulitiplying DIA Converter

GENERAL DESCRIPTION

The ICL7134 combines-a four-quadrant multiplying DAC
using thin film resistsrs and CMOS circuitry with an on-chip
PROM-controlled correction circuit to achieve trug 14-bit
linearity without laser trimming.

Microprocessor bus interfacing is eased by standard
memary WRite cycle timing and control signal use. Two input -

¢ Output current settling-time 3,5 max (0.9z5 typ) buffer registers are separately loaded with the 8 least signifi-
e Low linearity and gain temperature coefficients cant bits (LS registen and the 6 most significant bits (M3
« Low power dissipation ragister), Their contents are then transferred to the 14-bit
« Full four-quadrant multiplication DAC register, which controls the cutput switches. The DAC
* Full tem (:wat a P % register can also be loaded directly from the data inputs, in
u P ure range operation which case the registers are transparent.
The IGL7134 is supplied in two versions. The ICL7134U is pro-
grammed-for unipolar operation while the |CL7134B is pro-
grammed for bipolar applications. The Vger input to the most
significant bit of the DAC is separated from the reference in-
put to the remainder of the ladder. For unipolar use, the two
refereénce.inputs are tied together, while for bipolar operation,
the polarity of the MSB reference is reversed, giving the DAG
a true 2's:complemeént input transfer function. Two resistors
which facilitate the refererice inversion are included on the
chip, 50 only an external op-amp is needed. Tha PROM is
coded to correct for errors in these resistors as well as the in-
version of the MSB.
PIN CONFIGURATION ORDERING INFORMATION
o5 E E Ag
Wh E = Aq
(Lsgy0g [2] 28] v+ TEMPERATURE RANGE
- NON-LINEARITY -
s [4} E, lour 0°C to +70°C =-25°C to +85°C -55°C 1o +125°C
oz [5] [z4] Aanos Bipolar Versions :
os [} - 28] acnor [ D.01% (12+bit) ICL7134BJGC! ICL7A34BJ1I ICL7134BJMJI
ba {71 — [22] bGND 0.006% (13-bit) IGLT134BKCI ICLY134BKLII IGL7134BKMJI
Ds [3] e 0.003% (14-bit} IGL7134BLCYI ICL7134BLIJI ICL7+34BLMJI
Ds 8] [20] Varw Unipolar Versions .
or 9] (1] Fuee 0.01% {12-hit} {CL7T134UJCJI ICLT134LJ11 ICL7134UJMJ)
ba [1] ] voew 0.006% (13-bit) 1CL7134UK G| ICL7134 UK ICL7134UKMII
. 0.003% (14-bit) IGLT134ULCYI ICL7134ULIJI ICL7134ULMJI
05 [i2] (171 PrOG : :
D [18] [7%] o MsB) _Package: 28-pin CERDIF only
Dyq E - 1__5| D1z
{outline dwg .J1)

4-86



ICL7134 - | BINTERSIL

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (V" 1o DGND) ............. -0.3V107.5v Storage Temperature Range . . .. .... .. ..'—65°Cto +150°C
VarL Yeem: Binvs RegtoDGND ... ..o + 25V PowerDissipation(Note2) ..................... 500mwW
Your AGNDR, AGNDg .. ... ..ooee. ... e —0AVEOVT Derate Linearly Above 70°C @ 10mWi°C g
CurrentIn AGNDg, AGNDE. " .. ..\ o ve e, 25mA Lead Temperature (Soldering, 10 seconds}.......... 300°C
An,On, WR,C8,PROG .............. —0aviovT +0.3v
Operating Temperature Range :

ICL7134XXC ... e vava.. 0°Cto +70°C Note 1: All voltages with respect to DGND.

IOL7AB4XX] oo v —20°Cto +85°C Note 2: Assumes all leads soldered or welded to printed cirouit

ICL7134XXM ...l P -55°Cto +125°C board.

Stresses above those listed under “Absclute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions above those indicated in the operdtional sections of the specifica-
tions is not implied, Exposure to absolute maximurm rating conditions for extended periods may affect device reliability,

OPERATING CHARACTERISTICS (\_’+ =5v, Vger =10V, Ty = + 25°C unless otherwise specified.)

LIMITS
PARAMETER SYMBOL TEST CONDITIONS - . - UNIT
. MIN TYP MAX '
Resolution } 14 Bits
Norn-Linearity J | Test Figure 1 0.010 % FSR
K (Notes 1 and 2) 0.006 % FSR
L 0.003 %.FSR
Non-Linearity Temperature Goei_ficient Operating Temperature Range 1 2. ppmi®C
1 Gain Error J ' Test Figure 1 0.020 % FSR
K (Notes 1and 2) 7 0.012 % FSR
L 1 0.006 % F3R
Gain Error Temperature Coefficient ) 2 . 8 ppmi®C
Moneotonicity J 14 Bits
' K . 14 Bits
L ‘ 14 i Bits
lgyr Leakage Current : lack Ta= +25°C y 10 nA
Qperating Temperature.Range &0
Power Supply Rejection- PSRR !Ta= +25°C, AV* = =10% 1 50 Y
. . Operating Temperature Range 100 - eP
Qutput Current Settling Time o ] 0.9 3 us
Feedthrough Error ICL7134U ’ Vrer = =10V, 2kHz Sinewave 250 v
ICL71345 | s _ wIpie
Reference Input Resistance Znge | VarL = Vapis (Unipolar Mode) 40 10 ke
Qutput Capacitance 1 Cour DAG Registér=All 0's . 160 £
DAC Register=All s P »
Qutprt Neise "Equivaleni-Johnscn Res. ‘ 7 kg
Low State Input Vine Operating Temperature Range . ’ 0.8
High S_tale Input Vine Operating Temperature Range 24
[ Logic Input Current lin OsVinsy™ ) 10 wA
Logic Input Capacitance B e {Note 3) 15 pF
Supply Voltage Range Covt Functional Operaticn B 3.5 8.0 ! v
Supply Current I+ (Excluding Ladder) | - 006 R 0.5 mA
Long_Term Stability 1000 Hours,_ +125°C (Note 3) 10 i 'ppm.’\fmonth

Mote 1: Full-Scale Range (FSR) is 10V for unipolar mode, 20V { % 10V} for bipalar mode.
Note 20 Using internal feedback and reference inverting resistors.

Note 3: Guaranteed by design, not 100% tested in production.
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AC CHARACTERISTICS (v* =5V, see Timing Diagram)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX uNIT
Address-WRite Set-Up Time (Min) ] taws ) . 100
Address-WRite Hold Time (Min) L e : ' 0
Chip Select-WRite Set-Up Time (Min) tows ’ 0
Chip Select-WRite Hold Time (Min) iewn 0 ns
WRite Pulse Width Low (Min) twR 200
Data-WRite Set-Up Time .(M.in} ' t.,w's' — ' ' ‘ 200
Data-WRite Hold Time (Min) {own 0

" DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of the DAC
transfer function from a straight line function between end-
points. Normally expressed as a percentage of fuli scale
range. For a multiplying DAC, thisshould hold true over the
hwn—]—-—-— entire Vger range.

RESOLUTION: Value of the LSB. For example, a2 unipolar
converter with n bits has a resclution of 2™ (Vggp). A
bipolar converter of n bits has a resolution of [2 ="~ [Vzr]
Resblution in no way implies linearity.

SETTLING TIME: Timerequired for the output function of the
DAC to settle to within 1/2 LSB for-a given digital input
stimulus, i.e, 0 to full-scale.

Timing Diagram GAIN: Ratio of the DAC’s operational amplifier ouiput volt-
' age to the nominal inputvoitage value.

FEEDTHROUGH ERROR: Error caused by capacitive cou-
pling from Vpgeg to cutput with all switches OFF.

Ap, Ay ADDRESS VALID, STABLE

Dy DATA DATA VALID

Tabte 1. Pin Assignment and Function Iiascriplion

PIN SYMBOL DESCRIPTION PIN  SYMBOL - DESCRIPTION
|1 s ! Chip Select (active low). ) 17 PRQG Used fer programring only. Tie to
Enables register write. + SV for normal operation.
2 WR WRite, (active low). Writes'in ) 18 VipL Vrer for lower bits.
1 ) register. Equivalent.to CS. 19 Rinv Summing node fof feference inverting
3 Dy Bit ¢ | Least significant. | amplifier
4 D, Bit1 | 20 | Verw Vrzr for MSB only (bipolar).
5 D, Bit 2 21 " R Feedback resistor for voltage output
B Dy Bita N | applications.
7 D4 Bit 4 22 DGND Digital GrouND return.
5 By BWE Input [z AGNDr Analag GrouND force fine. Uss to
) Ds- BE Data . ' carry current from mtenjai,f\nalog
Bits | GrouND connections. Tied internally
10 Dy B!i T (High =Teue) ‘ 10 AGNDg, -
" Ps . Bit8 24 . AGNDg - Analog GrouND sense line. Reference
12 Dy Bit.9 : . : : point for external circuitry. Pin.should
13 Dy 8it 10 ’ carry minimal current; tied internally
B By Bit 11 : | 16 AGND:.
15 [»2 Bit 12 : 25 lour Gurrent output pin.
16 Daz "Bit 13 | Mosi significant. | 26 vt Positive supply voliage.
LA . Address T § ontrol register lines
28 | Ag Address 0
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TEST CIRCUITS (Unipolar cperation shown)

* VRer +5Y

=

VRFL VaFm PROG y+
BiT 1(MSB)
Y g U2H ArE
14-BIT I * lout
BINARY | +  lCLT3U
GOUNTER ] e L
BT | | aancs o :
»| Do AGNDE > 0.001%
[ — My
TS WA DAND Ap, Ay )
{ JLL i
oLOGK = UINEARITY
VAEF x 108
: BIT 1 .
MSE) _ e ) .
BIT 14 16BIT 0.001%
BIT15, E A
F DAC
' : . Figuré 1. Non-Linearity y
UNGROUNDED
+5v ——0 | SINE WAVE
—1 o | GENERATOR 00Kk
40Hz 2Vpp I
VREF + 10V
(ADJUST FOR 1 1 -
Vernon = 0voo) ¥ )
VRFL VRFM 23 HAZ600 xﬂ;ggn
BIT 13 (MSB} -
+ 5V T #| D1z Rra b +
| . loyt
| IcLTi3AL
l AGNDs
! [
T ABND: .
GE WR DGND A& &g i
Figure 2. Power Supply Rejection
VREF = 20pp 2kHz ’ +5v . ' , . . +5¢
SINE WAYE . - ni
: +1i0V . 11t 0.009% SETTLING
Vper ——————"—4—] H EXTRAPOLATE o0 1% SETTLNG
VarL VaFM RROG v+ ' S Ve, Veen v+ PROG| 4 qnomy OSCILLOSCOPE
BIT 13 (MSE) B ] +S M LML BT k L -
(=213 FB oV ! b | Di3 lur
— . DIGTALINPUT T » .
A . lour . Rrp
. AGNDg I 1GL7134 P
Bo . AGNDF 3 | AGHNDs oY%
€5 WA DGND Mg A . Bm"_sm: Dg AGNDs | I ADJUST
- : ) — ] SCHOTTKY TO NULL
' - - DIOBES
f)7 = = = =
Figure 3. Feedthrough Error . ~ . Figure 4 Qutput Current Settling Tirme
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ICL7134
FUNCTICNAL DIAGRAM

EINTERSIL

VarL VRFM
F Rinv F
]
44 phs PROM
2R G-DAC
&
1
o I
l —C lout
! —O AGNDs
l L—0 AGNDF
4 C-DAC
|
bECODE[ PROM [~ = — — —O PROG
) MSB
14:BIT DAC REGISTER JI A
| - —0 A
REGISTER o
L1t ADDRESS i)
—o
SELEGT cs
—_o
6-BIT M5 REGISTER wR

Dpe « o « & oDy

$56888

Dg » # = »Dy2

Figure 5. ICL7134 Functional Diagram

DETAILED DESCRIPTION

The ICL7134 consists of a 14-bit primary DAC, two PROM con-
trolled correction DACs, input buffer registers, and
microprocessor interface logic (Figure 5). The 14-bit primary
DAC is an R-2R thin film resistor ladder with N-channet MOS
SPDT current steering switches. Precise balancing of the
switch’resistances, and all other resistances in the ladder,
results in excellent temperature stability.

True 14-bit linearity s achieved by programming a floating
polysilicon gate PROM array which controls two correction
DAG circuits. A 6-bit gain correction DAC, or G-DAC, diverls
up.to 2% of the feedback resistor's current to Analog
GrouND and reduces the galn error 1o less than 1 LSB, or
0.008%. The 5 most significant outputs of the DAC register
address a 31-word PROM array that controls a 12-bit linearity
correction DAC, or C-DAC. Fer every combination of the
primary DAC's 5 most significant bits, a different G-DAC
code is selected. This allows correction of superposition
errors, caused: by bit interaction on the primary resistor lad-
der's current gutput bus-and by voltage non-linearity in the
feedback resistor. Buperposition errors cannot be corrected
by any method which corrects individual bits only, such as
laser trimming. Since the PROM proegramming occurs in
packaged form, it corrects for résistor shifts caused by the
thermal stresses of packaging. These packaging shifts fimit
the accuracy that can be achieved using wafer level correc-
tion methods such as laser trimming, which has also been

found to degrade the time stability of thin filmresistors at the

. 14-bit level.

Analog Section

The IGL7134 inherently provides both unipolar and bipolar
operation, The bipolar application circuit (Figure 6) requires
one additichal op-amp but no external resistors. The two on-
chip resistors, Ry and Rynyyz, together with the op-amp,
form a voltage inverter which drives the MSE reference ter-
minal, Vaeyi, to = Vrge, where Vger Is the voltage applied at
the less significant bits’ reference terminal, Ve This
reverses the weight of the MSB, and gives the DAC a 2’s com-
plement transfer function. The op-amp and reference con-
nection to Vrpy and Vel can be reversed, without affecting
linearity, but a small gain error will be introduced. For’
unipolar operation the Vgrey and Ve terminals are both tied
to Vaer, and the Ry pin is left unconnected,

Since the PROM correction codes required are different for
bipolar and unipolar operation, the ICL7134 is available in
two different versions; the ICL7134U), which is corrected for
unipolar operation, and thi ICL7134B, which is programmed
for bipolar application. The feedback resistance is also dif-

" ferent in the two versions, and is switched under PROM con-
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trol from ‘R’ in the unipolar device to ‘2R’ in the bipolar part.
These feedback resistors have a dummy {always ON) switch
in series to compensate for the effect of the ladder switches.
This greatly improves the gain temperature coefficient and
the power supply rejection of the device.
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Digita! Section

Two levels of input buffer régistersallow loading of data from
an 8-bit or 16-bit data bus. The Ay and Aq pins select one of
four operations: 1) load the LS-Buffer register with the data at
inputs Dy to Dy; 2) load the MS-buffer régisterwith the data at
inputs Dg to Dyg; 3) load the DAC register with the conitents of
the'MS and L8-buffer registers ard 4) load the DAG register
directly from the data input pins (see Table 2). The CS-and .
WR pins must be iow to allow data transfers to ocour. When
direct loading is selected (CS, WR, Ag and Aq [ow) the regis-
ters are transparent, and the data input pins contrel the DAC
output directly. Thé other modes of operation alfow double
huffered loading of the DAC from an 8-bit bus.

These input data ping are also used to program the PROM
under control of the PROG pin. This is done in manufacturing,
and for normal read-only use the PROG pin.should hé tied to
v+ (+5V).

Table 2. Data Loading Controls

GONTROL IiP ‘
. =T == ICL7134 OPERATION \
Ay | Ay C5 | WR :
X X X 1 ‘ S T
% % 3 X No operatlo_n_,\ device not selected.
0 al 0| 0 Lcad all registers from data bus.
LEREER 0 0 Load LS register from data bus.
1 o] 0. 0 Load MS register from data bus,
Load DAC register from MS and LS
1 1 0 0
register. . - -

Note: Data is latched on LO-HI transition of sither WR or CS.

Vier IN

mmmmed

o
RESTOF
LADEER

&
E
. AGHDs,
i
1 acnop

&5 lout
1

Figure 6. Bipolar Operation, with inverted Vperto MSB
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APPLICATIONS

- Géeneral Recommendations |

Ground Loops

Careful consideration must be glven to ground loops in any
14-bit ascuracy system. The current into the analog ground
point inside the chip.varies significantly with the input code
value, and the inevitable resistances between this point and
any external connection point ¢an lead to significant voitage
drop errors. For this reason, two separate leads are brought
out from this pointon the'IC, the AGNDg and AGNDg pins.
The varying-current should-be absorbed through the AGNDE
pin, and the AGNDg pin will then accurately reflect the
voltage on the internal current summing poini, as shown in
Figure 7. Thus output signals should be referenced to the
sense pin. AGNDg, as shown in the various application
circuits.

Operational Amplifier Selection
To'maintain static accuracy, the loytpotential must be exact-

ly equal to the AGNDg potential. Thus output amplifier selec- s

tion is critical, in particular low input bias current (less than
2nA), low offset voltage drift (depending on the temperature
range).and low offset voltage(less than 25,V ) are advisable if

" the'highest.accuracy is:needed. Maintaining a.low input off-

set over a OV to 10V range also requires that theoutput ampli-
fiet has a high open loop gain {Ayey > 400k for effective input
offset less than 25uVY.

TRUE O/P NODE
Tour

LEAD
RESISTANCE

GROUND TO
AGNDS  REMAINDER
©OF ANALOG

RedETance  SYSTEM
lano

LEAD
TRUE ANALOG L
GRCUND POINT HESISTANGE =

Figure 7. Eliminating Ground Loops
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The reference inverting amplifier used in the bipolarmode cir-
cuit must also be selected carefully. If 14-bit acouracy is
desired without adjustment, low input bias current {less than
1nA), low offset voitage {less than 50xV), and high gain
(greater than 400k) are recommended. If a fixed reference
voltage is used, the gain requirement can be. relaxed. For
highest accuracy {better than 13 bits), an additicnal op- amp
may be neéded to correct for 1R drop on the Analog-GrouND
line (0-amp Az in Figure 9}, This-op-amip should be selected
for low bias current {less than 2nA) and low offset voltage
(Ieas tl'ran 50uV). :

The op amp reqmrements can be readify met by use of an

ICL7650 -chopper. stabilized device. For faster settling time,
an/ HAzsxx,can be sed with an IGLT650 prowdmg automatic
offset nuil (see AG53 for. details).

The output .amplifier's non-inverting input should be tled
directly to AGNDsg. A bias current compensation resistor is of
limited use since the output impedance at the summing node
depends on the code being converted in an unpredictabla
way. If galn adjustment is required, low tempco (approxi:
mately 50ppmi°C) resistors or trim-pots:should be selected.

N PowarSupplies

| The v+ {pin 25) power supply should have a low noise-level,

and' ho transients exceeding 7 volts. Note that the absolute

maximum: digital input voltdge allowed s v+, which

thereforemust be applied before digital iriputs are allowed to

go high, Unused digital inputs must bs connected to:GND or
for proper operatmn

Umpolar Binary Operatlon (ICL7134U)

The circuit configuration for unipolar mode operation
(ICL7134U) is shown in Figure 8. With positive and negative
Vrer values the circult is capable of two-quadrant mauitipiica-
tion. The "'digital input code/analog output value® tabte for
unipolar mode is given in Table 3. The Schottky diode
(HP5082-2811 or equivalent) protacts lgyy from negative ex-
cursions which could damage the device, and is only

Vage IN T _
18 |18 |m |6 . '

VRrL RNy Varm v
* [[o——ex|pumsm frm
O—1—»{D12
I lout
pata |
oot ] - ICLrIaaL
. o
| a | - — AGNDg |-
0—17" Dig (LSB}Y v~ — AGNDF 2
+5v——{PROG nGND
Wi ©s Aq

ST e T

Figure 8. Unipolar Binary, Two-Quadrant Multiplying Circuit
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necessary with certain high speed amplifiers. For applica-
tions where the output reference ground.peint is established
somewhere other than at the DAC, the circuit of Figure 9 can
be used. Here, op-amp Az femoves the slight error due to IR
voltage drop between the.internal Analog GrouND node and
the external ground connection. For 13-bit or lower accuracy,
omit Az and-connect AGNDF and AGNDg directly to ground

} ihrough as low a rgsistance as possible.

Table 3. Code Table.-Unjpolar Binary Operation

DIGITAL INPUT |
11111111199111

| ANALOG OUTPUT
1 = Vier(t = 1129

10000000000001 ] —Vger(1i2 41121
10000000000000 ] —Vggpi2
ILEREEREEREERERER L 0
0000000B000001 [ =Vaee(li2¥

0000000000000 0 |0

Zaro Offset Adjustment .
1. Connect all datainputs and WR, €S, Apand Aq 1oDGND.

2. Adjust offset zero-adjust trim-pot of the operatnonal
amplifier Ay, if used, for a maxlmum of OV isonv at
AGNDg, -

3, Adjust the offset zéro-adjust trirh-pot of the oﬁtput op-
amp, A4, for a maximum of OV +50uV at Vour.
Gain Adjustment (Optlanal)

1., Gonnect all data inputs to V¥, connect WR, CS, Agand A,
to DGND.

2. Monltor Vour for a — Vg (1 - 1127 reading.

3. Todecrease Vour, connect a series resistor of 1002 or less
between the reference voltage and the Vgey and VHFL ter-
minals (pins 20 and 18).

4. Toincrease Vigpr, connéct a series resistor of 1000 or less
between Ay output and the Reg terminal (pin 21).

~

Mae IN : +5V
' B (18 | ]2

VeeL Ay Veewr
- 16

O—:‘? D1z {MSB) RFB
o——»{Dr

lour

|
I
I
CATA
WPty | ICLr1zau
|
i
|

s — AGNDs
<
OJ.H_3, p

Dg(LSB) “ — AGNDF

R I
WS M M

P

Flgure 9. Unipolar Binary Operation with Foreed Ground
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Bipolar {2’s Complement) Operation (ICL71 34B)

The circuit configuration for bipolar mode operation
(ICL7134B) is shown in Figure 10. Using 2's complement
digital input codes and positive and negative reference
voliage values, four-quadrant multiplication is obtained. The
“digital input code/analog output vaiue™ table fof bipolar
made Is given in Table 4. Amplifier Aa, together with internal
resistors Ryt and Rynyz, forms a simple voltage inverter cir-
cuit. The MSB ladder leg see$ a reference input of approx-
imately —Vgaeg, 50 the MSB’s weight is reversed from the
polarity of the other bits. In addition, the ICL7134B's feed-
back resistance is switthed to 2R under PROM control, so
that the bipolar output range is +Vpeg to ~Veer (1 —1.'2“‘3).
Again, the grounding arrangement of Figure 9 can be used, if
necessary.

Table 4. Code Tahie ~Bipolar (2's Complement) Operation

DIGITAL INPUT ANALOG OUTPUT
0111111111111 | =Vpee(1-1729
00000000000001 | —Vgee(12'®)
000000000006000|0
$1111111111111 | Vage(i2®)
1000000000000 1 | Vaee(1-127
10600000000000 [ Ve

Offset Adjustment
1. Conrect all data inputs and WR, CS, Ag and Aq to DGND.

2. Adjust the offset zero-adjust trim-pot of the cperational
amplifier Ap, if used, for a maximum of OV £50uV at
AGNDg.

INTERSIL

3. Set data to 00000....00. Adjust the'offset zerc-adiust trim-
pot of the.output op-amp Ay, fora maximum of 0V x50V
at VOUT'

4. Connect Dq3 (MSB) data input to V™.

5. Adjust the offset zero-adjust':ri m-pot of op-amp Ag for a
maximum-of OV x50uV at the Ry terminal (pin 19).

Gain Adjustment (Optional}

1. Connect WH, CS, Agand A, to DGND.

Dypto V¥, D13{MSB) to DGND.
Monitor Vour for a — Veep (1 — 1/27%) reading.

2. Connect Dg, Dq...

3

4, To increase Vgyr, connect a series resistor of 2000 or less
between the A, output and the Reg terminal (pin 21).

. To decrease Vgyr, connéct a series resistor of 1002 or
less between the reference voltage and the Ve terminal
{pin 18).

Processor Interfacing

The ease of interfacing to a processor can be seen from
Figure 11, which shows the ICL7134 connected to an 8035 or
any other MCS-48 processor such as an 8048. The data bus
feeds into both register inputs; three port lines, in combina-
tion with the WR line, control the byte-wide loading into
these registers and then the DAC register. A complete DAC
set-up requires 4 write instructions to the.port, to set up the
address and CS lines, and 3 externai data transfers, ene a
dummy for the final transfer to the DAC register.

VREF IN
. +5v
18 19 20 26
VRFL Rinv VRFM v+
Rinva Rinvz
[ 18 013 (MSE) Ry il
O———F|D1z FB ———
15
C——#| D12 _T_
—
[ 25
| lout ] - L
DATA ! A
INPUTS $ | ICL7134B f T
| — *
| = Vour
f . ' AGNDs [ l
3 : S (23
o-—-J-——bw Do {LSB) AGNDF
+5¥——PROG l_--
WR C$ At AnDGND 22

' Tz T1 Tzr

i

$as

Figure 10. Bipolar (2’s Complement), Four-Quadrant Multiplying Circuit
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A similar arrangement can be used with the MCS-80 system,
using an B0BOA, 8228, and 8224 CPU set. Figurs 12 shows the
circuit, which can be arranged as a memiory-mapped inter-
face (using MEMW) or as an 1/Q-mapped interface {using
'O WRITE). See AD20 and RO05 for discussions of the rela-

tive merits of memory-mapped versus [/O-mapped interfac-.

ing, as well as sofme other ideas on interfacing with 8080
processors. The MCS-85 family 8085 processor has a very
similar interface, except that the control lines available are
slightly different, as shown in Figure 13. The deceding of the
IO/M line, which controls memory-mapped or |/Q-mapped
operation, is arbitrary, and can be omitted if not necessary.

Neither the MC-880X nor MCS:650X processor families offer
specific /O operations. Figure 14 shows a suitable Interface
to.gither of these systems, using adirect connection. Several
other decoding options can be used, depending of the other
control signals generated in the system. Note that the
MCS-650% family does not require VMA to be decoded with
the address lines.

Figure 15 shows an interface to the Intersil IMB100 CMOS
microprocessor family using the IM6101 PIE to cdntrol the
data transfers, Here the data is read directly from the micro-
processor data bus in an 8-bit and a 6-bit word. The flag lines
control the data destination.

Mo-s|  _ ADDRESSBUS _ 1— I
3| Ro-1
an ADDRESS =
a0 . DECODE | C5
Do-r DBg-7 |{ DATA BUS 3| Do-r
& JELTEs
I—J_Lalzi—‘_‘_ld—!‘ . | Ds-1a

+5v oV
| ] +5V OV
i —} OTHER pllaos v+ DGND ';7
Pzgeag [— J WO
P25 cs
Pag Ap
“Par Aq
1M80C35
IMB0CA8
go4g DBo Lo
BISG  + — *
8748 + - — Rep
I 1. -
. — . lour
. — Bs jcLmas | Vour
.- .
PEB7 Dr AGNDs
— L] Da
WR_
o -_
—.
— AGNDE 1_
Oy -
wR

Figure 11. ICL7134 Interface to MCS-48 System. .

’ WR

/O WRITE

Figure 12. Interface io MCS-80 System

Ag-15 {8}
. 16.BIT ADDRESS BUS ‘rﬂr ;
ALE P @ —wul
. 8212 ' ::) Ap.1 '
8085 tir\v ADDRESS
, DECODE
1o/ » - » TS
ICLT134
_ADg-7 2.EIT DATA BUS Do-7
WA
6 )| be-13
WR

Figure 13. MCS-85 System Interface
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Digital Feedthrough

All of the direct interfaces shown above can suffer from a
capacitive coupling problem. The 14 data pins, and 4 conitrol
pins, all tied to active lines on a mictoprocessor bus, and in
close proximity to the sensitive DAC circuitty, can couple
pseudo-random spikes Into the analog output. Careful board
layout and shielding can minimize the problems (see PC
layout), and clearly wire-wrap type scckets should never be
used. Nevertheless, the inherent ¢apacitance of the package
alone can lead to unacceptable digita! feedthrough.in many
cases. The-only solution is to keep the digital input lines as in-
active as possible. One easy way to'do this is to use thé peri-
pheral interface circuitry available with all the systems
previously discussed. These generally allow only 8 bits to be
updated at any one time, but a little ingenuity will avold diffi-

L

JINTERSIL

culties with DAC steps that would result from partial up-
dates. The problern can be solved for the MCS-48 family by
tying the 14 port lines to the data input Jines, with C5, Aqand
A, held low, and using ohiy the WR _line to enter the data into
the DAC (as shown in Figure 18). WR is well separated from
the analog lines on the ICL7134, and is usually not a very ac-
tive line In MCS-48 systems. Additional “protection” can be

achieved by gating the processor WR line with another port

line. The heavy use of port lines can be alleviated by use of
the IM82C43 port expander. The same type of technigue can
be employed in the MCS-80/85 systems by usmg an 8255 PIA
{peripheral interface adapter) (Figure 17) and in tha MC-680X
and MCS-650X systems by using anMG-6820 (MCS-6520) PIA.

@ ) Aawr { 32517 DATA BUS }
Ag-14 .
Dy 8)
ADDRESS N L
DECODE v
VA =
c-680X Doz K 18 IME104 IME00
MCS-850% oo _| > ICL734 1CL7434 cMos CMas
|—>D = - = PIE WP
b2 ,-:
Wi [« WRITEY
Do - FLAG FLAG
o-7 DATA BUS Do-7 fe A : A
' — 1
& Y oa1s ] . : § CONTROL BUS ]
Figure 14, MCS-B50X and MC-680X Families' Figure 15, 1CL7134 to IME10C Interface Using IM6101 PIE
Intertace te IGL7134
TE
Ao
5 ' 5 A‘
o
Pyn.17 [ @) e
IMBOC3S, Tt
80(Cla8, (14) Do-13
ETC
Pap-25 | (6)
Pzl ™ —
TR _ AR
OPTIONAL
GATE
{SEE TEXT)

Figure 16. Avoiding Digital Feedthrough
in an MCS-48 to ICL7134 Interface

ANALCG
CIRGUIT :> 1GL7124
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Ay M TS WA
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A INTERSIL
1MBICA2
8255 \NTEL
(MODE1) 8080
) 8085
PBie ETC.
pey PCs,

S sl

v

Figure 17; 1CL.7134 to MCS-48, -80, -85 Interface with Low Feedthrough
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ICL7134- | | ‘ BINTERSIL
Successive Approximation A/D Converters | R

Figure 18 shows an ICL7134B-based circuit fora bipolarinput than for the last 8 bits. The short-cycie line is shown tied to
high épéed A/D converter, using two AM25L03s to form a the 15th bit; if fewer bits are required, it can be moved up ac-

14:bit successive approximation register The comparator is cordingly. The ¢ircult will free-run if the HOLD/RUN input is
a two-stage circuit with an HA2605 front-end amplitier, used held low, but wil stop after comipleting a conversionif the pin
‘to reduce $ettling time problems at-the summing node (see’ is high at that time. A low-going pulse will restart it. The
A020). Careful offsat-nuliing of this ampiifier is needed, and if STATUS output indicates when the device is cperating, and
‘wide temperaturerange operation is desired, an auto-nullgir-  the falling edge indicats the availability of new data. A

cuit using an IGL7650 is probably advisable{see AD53). The unipolar version may be constructed by tying the MSB (Dyy)
clock, using two Schmitt triggér TTL gates, runs at a slower on an ICL7134U to pin 14 on the first AM25L03; deleting the
rate for the first 8 bits, where settling-time is most critical, reference inversion amplifier Ay, and tying Veey fo'VRey. -

- +
—oVNG i‘Hmﬂﬂ

39K
4 L
' b .Iupzauu'
21 25]
o5 DGND VaL Ry VemAGNDs PROG V¥ AGNDF Rrp ' lout
WR ICL7134B
Ap . —
M sa . LB
s
18]15]1418[12[11]10] o] 876591_34.]
0
—C | 'DATA] -
ofout
o]
L o
= te}
1NB27A o
0
s}
ta]
o]
’s]
—0 )
, “MsB — Binen
~15¥ 15118 [12[11] 6] 5] 4] 3 14(13|12{11] 6| 5| 4
3 ﬁ?os-g..-onﬁ-z 1E q,—-\..-.a, 16 LBV
AM25L03 Jol s AM25L03 s
- CPI= cp _ _ SHORT
S D b S cC CYCLE
' el 7] 1] 2 LINE
1
1NA14B
HOLD/AUN
O STATUS

Figure 18. Successive Approximation A/D Converter

'
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PC BOARD LAYOUT ‘

Great care should be taken in the board layout to minimize
ground loop and similar “hidden resistor” problems, as well
as to minimize digital signal feedthrough, A suitable layout
for the immediate vicinity of the ICL7134 is shown In
Figure 19, and may be used as a guide.

" APPLICATION NOTES

Some applications bulleting that may be: found useful are
listed here:

AD18 “Selecting A/D Convertérs,” by Dave: Fullagar

A7 “The Integrating A/D Converter," by Lee Evans. -

(a) Printed Circuit Side of Card (Single Sided Board)

A018 “Do's and Dont's of Applying A/D Converters,” by
* Peter Bradshaw and Skip Osgood.
AD20 “A Cookbook Approach to-High Speed Data Acquisi-
tion and Microprocessor Interfacing,” by Ed Shiger.
AD21 “Power A/D Converters Using the IGH8510,” by Dick
Wilenken.
A030 “The 1CL7104—A Sipary Output A/D Converter for
' Microprocessars,” by Peter Bradshaw. : )
RO05 “Interfacing Data Gonverters & eroprocessors " by
Peter Bradshaw et al, Electronics Dec. 9, 19786,

Most of these are ‘availablé i the ‘Intetsil Data Acquisition
Handbook, together with other ‘material.

ANALOG
GROUND
IN

ADPDRESS

(b} Top Side with cdinpénent Placemsnt

Figure 19. Printed Circuit ‘Board Layout (Bipolar Circuit, see Figure 10}
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FEATURES

¢ Accuracy guaranteed to *1 couni over enilre
+20,000 counts {2.0000 volts full scale}

* Guaranteed zero reading for 0 volts Input

* 1 pA typical inpul cuirent

s True differential input

* True polarity at zero count for precise null defection

* Single reference voltage required

o Over-range and under-range signals avallable for

auto- ranglng capability

Al outputs TTL compatible ‘ .

Biinking display gives visual indlcation of over-

range

_ ¢ Six auxillary inputs/outputs are available for
interfacing to UARTS, mlcroprocessors or other
complex circuitry

* Multiplexed BCD output versatility

| ICL7138
Precision 4z Digit Single Chip
A/D Converter

“GENERAL DESCRIPTION ‘

The intersil ICL7135 precision A/D converter, wnh ‘its
multiplexed BCD-output and digit drivers; combines dual-
slope conversion reliability with 1 in 20,000 countaccuracy
and is ideally suited for the visual display DVM/DPM market.
The 2.0000V full scale capability, auto-zero and auto-polarity
are combined with true ratiometric operation, almost ideal
differential linearity and true difierential input. All necessary
active devices are contained on a single CMOS 1.C., with the
exception of display drivers, reference, and a clock.

The Intersil KCL7135 brings together an unprecedented
combination of high accuracy, versatility, and true economy.
High accuracy like autd=zero to less than 10uV, zero drift of
less than 1xV/°C, input-bias curféent of 10 pA max., and
rollover error of less tham one zount, The ‘vérsatility of
muitiplexed BCD outputs is increased by the addition of
several pins which allow it to it to operate in.more sophisticated
systems. These include STROBE, OVERFIANGE UNDER-
RANGE, RUN/HOLD and BUSY lines, making it possibte to
interface the circuit to-a microprocessor or UART.

CLOCK

SET Vrer = 1.000V
VRer INO—_ —svo—{1] ~ 28 N
100kQ 3] 2] 77] | 120kMe .
ANARE© : 3] 2] | ‘ DISPLAY
==047eF 270 L ANODE \ ——
ov
10080 o1& . E—-——?_’ DRIVER U o
= sane—{s| icLTias [z TRANSISTORS:| I
SIGNAL - : -V
INPUT 1]

SEVEN

Tzl
Al

SEG.

DECODE

1CL7135 with LED Display

ORDERING INFORMATION

Fart Package Temp. Range | Order Part #
7135| 28-Pin CERDIP - |0°C to +70°C| ICLT135CU1
7135] 28-Pin Plastic DIP § 0°C to +70°C| ICL7135CPI

Evaluation Kit
EV/ {PC Board, ICL135EY!
KIT active, passive KIT

. components)

PIN CONFIGURATION (Outline dwgs Ji, Pl}

v~ [d] [28] UNDERRANGE
REFERENCE [2] [27] OVERRANGE
ANALOG COMMON [3] [26] STROBE
INT oUT [F] [25) R/H
Az [5] [24] DIGITAL GND
BUFF OUT [6] 23] POL
REF.CAP.- [7] ICL7135 23] cLOCKIN
REF. CAP.t ] 121] BUSY
nLo (8] [20] (LSD) D1

IN HI [0} [19] D2

v+ [ [18] D3

(Msp) D5 [12] p7] o4
(LSB) B1 [13] H6] (MsB) B8
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ICL7135
ABSOLUTE MAXIMUM RATINGS

EINTERSIL

Power Dissipation (Note 2) Supply Voitage V+ .................................... +BV
Ceramic Package .......viiivvimmviaiinnns 1000 mW VT e -8V
Plastic Package ......... 800 mwW Analog Input Voltage (either inputr-(Note: 1) ... vtto V-

Operating Temperature 0°Cto +70°C Reference Input Voltage (either mput) Vviio V™

Storage Temperature ..........ovvsues =55°C to +160°C Clock Input «.vveeiiiniiiiuen e . Gnd to vt

Lead Termperature (Scldering, 10see) .......oouve. 300°C

Note 1:

Input voltages may exceed the supply voltages provided the input currerit is Iimlted 1o +100pA.

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board, '
*COMMENT: Stresses above those listed under "Absolute Maximum Ratings® may cause permangnt damage t0 the devices. This is a stress
rating onty and functional operation of the devices at these or any other conditions above those indicated in the cperational sections of the
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect dewce reliability.

ICL7135 ELECTRICAL CHARACTERISTICS (Note 1) :
V*© =+ 5V,V" = —5Y, Ta=25°C, Clock Frequency Set for 3 Fleadinnge“c ]

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX | UNITS
A Zero Input Reading Vin = 0.0V . —0.0000 | £0.0000 | -+0.0000 Digital
N ) Full Scale = 2.000V ) Reading
A Ratiometric Reading (2} VIN = VREF +0.9998 | +0.9999 | +1.0000 | Digital
L : Full Scale = 2.000V - - - | Reading
o} Linearity over & Full Scale Digital
€} (error of reading from -2V = Wiy = 2V 0.5 1 ‘Count
best straight line} Error
Differential Linearity .
- {difference betwesn worse -2V = Vi =2V omo LSB
| case step of adjacent counts
and ideal step) )
Rollover error (Difference in - Digital
reading for equal positive & “VIN=HVIN = 2V 05 1 Count
riegative voltage near full scale) | Error
iNote 1) | Noise (P-P value not T en Vin=0V -
(Note 2} | exceeded 95% of time) Full scale = 2.000V | 15 B uv
Leakage Current at Input LK, Vin =0V 1 10 pA
| Zero Reading Drift ViN=0V ’ 0.5 2 pVPRC
o ‘ . 0 <TAZTOC '
| Scale Factor Temperature TG Viy =+2V
Coetficient (3) 0=TasT0°C. 2 5 ppm/°GC
;. L {ext. ref. 0 ppm/°C)
VINH, 28 22 vV
. R ) . VINL 16 . 08
INPUTS! Clock In, RunfHold, See Fig. 2 JINL VIN=0 0.02 0.1 mA
: TINH Vin = +5vV ' 0 10 uh
8] All Qutputs Vol | loL =1.6ma 0.25 0.40 v
D u B1, Bz, Bs, Be Vo loH =—1mA 24 4.2 LV
T D1, D2, Da, D4, Ds
(‘5 P | BUSY, STROBE, Vonr, loH = ~10LA 48 4,99 V.
i u OVER-RANGE, UNDER-RANGE
T POLARITY
3 L .
ATs | %5V Supply Range v 4 5 6 v
b u 5V Supply Bange \' -3 -5 -8 v
P +5V Supply Gurrent [ . fg=0 11 [ &0 mA,
P -5V Supply Current T ie=0 0.8 3.0
L .
Y _Power Dissipation Capacitance CrD' vs. Clock Freq i 40 pF
Clock| Clock Freqg. (Note 4) ‘ DG . 2000 1200 kHz
Note 1: Tested in 4-1/2 digit (20,000 count) circuft shown in Fig. 1, clock frequency 120kHz.
Note 2 Tested with a low dielectric absorption integrating capacitor. See Component Seleétion Section. .
Note 3: The temperature range can be extended to +70°C and bEyund as long as the auto-zere and reference capacitors are increased to
absorb the higher leakage of the ICL7135.
Note 4: This specification reiates to the clock frequency range over which the IGL7135 Wwill correctly perform :ts various functions. See "Max

Clock Frequency” below for limHations on:the clogk frequency range.in a system.
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ICL7135
TEST CIRCUIT .

SET Vger. = 1.000V

-5Y

Vrer IN . e .
Ofv- -’ UNDERRANGE |25]
[ 2] REFERENCE OVERRANGE
=i—{ 3] AanALOG GND STROBE | 28]
ANALOG o Cvn—{a] INT. ouT RUN/AGLE [25)
1uumg %E AZIN DIGITAL GND [ 23]—0V
= (6] BUF oUT PoLARITY23]  ciock
0ok {7 | REF. CAP 1 cLock N[22~ IN
"5 | REF. CAP 2 Busy[z1] 120kH:
L8] N Lo 5o D] 20]
[10] 1N HI+ ICL7135 p2 gt
+5vo—11] v+ patiel -
MSD D5 D4
[13] LB BT Mst 88 [16]

[14] B2

- Figurq 1: 7135 Tast Circuit-

DETAILED DESCRIPTION
- Analog Section . |

Figure 3 shows the Block Diagram of the Analog Section for
the ICL7135. Each méasiurement éyéle is divided into four
phases. They are (1) aute-zero (A-2), (2) 'signal Integrate
(INT), (3) deintegrate (DE) and (4) zero integrator (Z17.

1. Auto-zero phase

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally

shorted to analog COMMON. Secohd, the referende
capacitor is charged to the reference voltage.. Third, a
feadback loop is closed around the systemc charge the:
auto-Zero capacitor Caz tocompensatefor offset voltages
in the buffer amplifier, integrator, and comparator. Since
the comparator is included in'the loop, the A-Z acéuracy
is limited only by the noise of the system. In any case, the
offset referred to the input is less than 10uV,

2. Sigrial Integrate phase
During signal integrate, the auto-zero loop is opened, the

BINTERSIL

Figure 2: 7135 Digital Logic Input
t

low are connected tothe external pins. The converterthen
integrates the differential voltage between IN Hl and IN
LO for a fixed time. This differential veltage can be within
a wide cormmon mode range; within one volt of either
supply. i, on the other hand, the input signal has no return
with respect to the convertér power supply, IN LO can be
tied to analog COMMON to establish the correct
common-mode voitage. At the end of this phase, the
polarity ot the integrated signa is latched into the polarity
F/F.

. De-Integrate phase
The Third phase is de-integrate, or reference integrate. in-
put Low is internaily connected to analog COMMON and

..input high is connected across the previously charged
reference capacitor. Circultry within the-chip ensuresthat
the capacitor will be connected with the correct polarity to

. cause the integrator output to return to zero. The. time
required for the output to return to zero is proportional to
the input signal. Specifically the digital reading, dISplayed

internal short is removed, and the internal input high and is 10,000 ( "‘" b
: 11. . ) ' - '
. _L l
AEF RINT Caz o= = CiNr
. ) + AUTO
Crer® | REF HI 1 Cer  BUFFER § 7 _d 2ER0 ['"T
r— Y T o — T T ——— o= _—
I 8 | 2 7 I T_'H 5 4
INTEGRATOR
. ZERO-
: CROSSING |~
DETECTOR
AZ T
INHI (= CONMFARATOR
L] roLamiTy |
i FF
INPUT
LOW
ANALOG
COMMON ®NZ et
+ DE(£) + 21
[
N LO x—(g) -
1 &

Figure 3; Analog Section of ICL7135
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ICL7135
4, Zero Integrator phase

The final phase is zerd integrator. First, input (ow I8
shorted to analog COMMON. Second; a féedback loop is
closed around the system to input Righto cause the in-
tegrator output to return to zero. Under normal condition,
this phase lasts from 100 to 200 clock pulses, but-after an
overrangeé conversion, it is- extended to 6200 clock
pulses. ' ~ SR

Differential input : . .

The input can accept differential voltages anywhere within
the commen mode range of the. input amplifier; or
specificaily from 0:5 volis below the positive supply to 1.0
volt above the negative supply. In this range the system hasa
CMRR of 86 dB typical. However, since the integrator alse
swings with the commoh matle voltage; care must be
‘exercised to-assure the integrator output does not saturate.
A werst case condition would be a large posiive common-
mode voitage with a near full-scale negative differentiat input
valtage. The negative input signai drives thé integrator
positive when most of its swing has been used up by the
positive common modé voltage. For thess critical
applications the integrator swirig can be reducedto less
than the recommended 4V full scale swing with some loss
of accuracy. The integrator output can swing within.0.3 volts
of either supply without loss of linearity.

Analog COMMON

Analog COMMON is used as the input low return during auto-
zero and de-integrate, If IN LQ is difiérent from analog
COMMON, a cemmon.mode voltage exists in the system and
is taken care of by the excellent CMRR of the converter.
However, in most applications IN- L@ will be set at a fixed
krown voltage (power supply common for instance), in this
application, analog COMMON should be tied to the same
point, thus removing the common mode voltage from the
convetter. The reference voltage. is referenced to anatog
COMMON. T '

Reference o
The reference input must be.generated as a positive voltage
with respect to COMMON, as shown in Fig: 4.

v+ .
] 5.8 YOLT
.ZENER
REF HI
ICLB06S
7135 REF HI .21.2\:
as REFERENCE

COMMON |— l"z

5 COMMON 1

(a} B)

Figure 4: Using dn External Reference

BINTERSIL
DETAILED DESCRIPTION

Digital Section ‘ '

Figure 5 is the Digital Section of the 7135, Itis identical to the
71C03 except that the 4-1/2/3-1/2 digit pin has been
eliminated (mask-opfion; consult factory). The 7135 includes
several pins which allow it to operate conveniently in more
sophisticated. systems. These include:

1. RUN/AGLD (Pin 25). When high (or open! the A/D will free-
run with equally spaced measurement cycles gvery 40,002
clock pulses. If taken low, the.converter will continue the fulk
measurement gycle thatitisdoing and therrhold this reading
as long as R/H is held low. A short positive pulse (greater
than 300ng) will now imitiate a- new measurement cycle,
beginning with between 1 and 10,001 counts of auto
zero. If the pulse pecurs before the full measurement cycle
(40,002 counts) is completed, it will not be recognized and

"the converter will simply complate the measurement if is

doing. An.external indication that a full measurement cycle
has been completed is that the first strobe pulse (see below)
will occur 101 counts after the end of this cycle. Thus, if
Run/Hold is low and has beén low for at least 101 counts, the
converter is hotding and ready to start a new measurerhent
when pulsed high.

2. STROBE (Pin 26). This i5 a negative going output pulse that
aids in transferring the BCD data to external latches, UARTS
or microprocessors. There are 5 negative going STROBE
pulses that oceur in the center of each of the digit drive
pulses and oceur once and only onge for each measurement
cyclestarting 101 pules after the end of the fullmeasurement
cycle. Digit 5{MSD) goes high at the end of the measurement
eycle and stays gn fof 201 counts. In the center of this digit
pulse (to avoid race conditions between changing BEE and
digit crives) the first STROBE pulse goes negative for 1/2 clack
puise width. Similarly, aftér digit 5, digit 4 oes high (for 200
clock pulses) and 100 pulses Jater the STROBE goes
negative for the second time. This continues through digit 1
1L.S0) wheri'the fifth and last STROBE pulse is sent. The digit
drive wilf continue to scan {(unless the previous signal was
‘overrange) but no additionat STHOBE puises will be sent
until @ new-measurement is‘available.

vt POLARITY |D5 D4 D3 D2 D1

L] 2 12 Tz 18 T19 Y20 } ’

' ‘MSB LSB :: LB;
ANALDG ) B
SECTION ' MULTIPLEXER _$_1§$ﬁ

16 . B8
- &

CONTHOL LDGIC

|

o] o] |

ZERD P ff+f t9¢f tett PREE

CROSS. COUNTERS I |
DET. t |.

|

|

D v - -y ¢ .
DIGITAL ©LOCK  RUN/ OVER- UNDER STROBE BUSY
GND N HOLD RANGE RANGE

Figure 5: Digital Section 7135
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ICL7135

3. BUSY (Pin 21). BUSY goes high at the beginning of signal
integrate and stays high until the first clock pulse after zero-
crossing (or after end of measurement in the case of an over-
range). The internal latches are enabled (i.e., loaded
during the first clack pulse after busy and are latched at the
end of this clock pulse. The circuit automatically reverts to
auto-zero when not BUSY, so it may also be considered a
(ZI+AZ) signal. A very simple means for transmitting the
data down a single wire pair from a remote locatien wouid
be to AND BUSY with ¢lock and subtract 10,001 counts from
the number of pulses réceived - as mentioned previously
there is one “"NO-count” pulse in each reference integrate
cycle.

4. OVER-RANGE (Pin 27). This pin goes positive when the
input signal exceeds the range (20,000} of the converter. The
output F-F is set at the end of BUSY and is reset to zero dt the
beginning of Reference integrate in the next measurement
cycle. )
5. UNDER-RANGE (Pin 28). This pin goes positive when the
reading is 9% of range or less. The output F-F issétatthe end
of BUSY if the new reading is 1800 or less) and is reset at the
beginning of signal integrate of the next reading. ,

6. POLARITY (Pin 23). This pin is positive for a posttive input
signal. 1t is valid even for a zero reading. in other words,
+0000 means the signal i5 positive but less than the least

g significant bit. The converter can be used as a null detector

by forcing equal frequency of (+) and () réadings. The null at
this point should be less than 0.1 LSB. This output becomes
 valid at the beginning of reference integrate and remains
correct until it is re-validated for the next measurement.

.7. Digit Drives (Pins 12, 17, 18, 13 and 20). Each digitdriveis.
a positive going signal that lasts for 200 clock pulses.
The scan sequence is Ds (MSDY, Da, Dz, Dz and D1 (LSD). All
five digits are scanned and this.scan is contintious unléss an
over-range occurs. Then all digit drives aré blanked from the
end of the strobe sequence until the beginning of Reference
Intégrate when Ds will start the scan again. This can give a
blinking dispiay as a visual indication of over-range.

8. BCD {Pins 13, 14,15 arid 16). The Binary coded Decimal
bits Bg, Ba, Bz and By are positive logic signals that go on
simultaneously with the digit driver signal.

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 voltage, and
conversion rate. These values must be chosen to suit the
partieular application. '

Integrating Resmior

. The integrating resistor is determined by the fuli scale mput
vaoltage and the output current of the buffer used to charge
the integrator capacitor. Both the buffer amplifier and the
integrator have a class A output stage with 100uA of
quiescent current. -‘They can supply 20uA of drive, current
with negligible non-linearity. Values of 5 to 40uA give good
results, with a nominal of 20uA, and the exact value of
integrating resistor may be chosen by

full scale voltage

RiNT = TOaA
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WHEN APPLICABLE

Integrating Capacitor

The product of integrating resistor and capacitor should be
selected to give the maximum voltage swing which ensures
that the tolerance build-up will not saturate the integrator
swing fapprox. 0.3 volt from either supply). For =5 volt
supplies and analog COMMON tied to supply ground, a£3.5
to =4 volt full scale integrator swing is fine, arid 0.47xF is
nominal. In general, the value of Cinr is given by

[10,000 x clock period] X iNT
integrator output voltage swing

{10,000} (clock: period) (20pA)
integrator output volage swing

CiNT=

A very important characteristic of the integrating capacitor is
that it ‘has low dielectric absorptian to prevent roli-over or
ratiometric-errors. A good tést for dielectric absorption is to
usé the sapacitor with the input tied to the reference.

This ratiometric conditich should read half scale 0.9999, and
any deviatian is probably due to dielectric absorption. Poly-
propyleni capacitors giﬁe dndetectable érrors at reaschable
cost. Polystyrene and polycarbonate capacltors may also
be used in lass critical applications.

INTEGRATOR
ouTRUT

AUTO- SI%NAL REFERENCE
o003 | 10000 [ ANTEGRATE

COUNTS|COLNTS| 20,001

COUNTS MAX.

FULL MEASUHEMEN'T CYCLE
40,0 OUNTS

BUSY | - ‘ i

OVER-RANGE
WHEN APPLICABLE

LUNBER-RANGE

|' EXPANDED SCALE i
BELOW

DIGIT SCANr! g rl 213
FOR OVER-RANGE

] | | | | | Da
I I
LRV p IV p B -
JR [y I S
hb“&&'#s *FIRST Ds OF AZAND
REF INT ONE COUNT LONGER
ESTROBETTT I :
AUTO ZERQ ‘REFERENCE
. SIGNAL INTEGRATE ~+ INTEGRATE
DIGIT SCAN [, =
FOR OVER-RANGE N
g ] i .
—Je: Jle T1—
o= gl gl
Me: In I

Figure 6: Timing Diagram for Outputs
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Auto-Zero and Reference Capacitor

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

The dielectrio absorption of the reference éap and auto-zero
cap arg 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 readings are not required for
the first few seconds of recovery.

Reference Voltage .

The analog input required te generate a full-scale output is
ViN =2 VREF.

The stability of the reference voltage |s a major factor in the
overall absolute accuracy of the converter. For this reason, it
is recommended that a high quality reference bé used whére
high-accuracy absolute measurements are being made.

Rellover Resistor and Diode

A small rollover error occurs in the 7135, but this can be
easily corrected by adding a diode and resistor in series be-
tween the INTegrator OUTput and.analog COMMON or
ground. The value shown in the schematics is optimum for
the recommended conditions, but if integrator swing or
clock frequency is modified adjustment may be needed. The
diode can be any silicon dicde, such as a 1N914, These com-
ponents can be eliminated if rollover error is not important,
and may be altered in value to correct other (small) sources
of rollover as needed.

Max Clock Frequency

The maximum éonversion rate of most dual-slope A/D can-
verters is limited by the frequency response of the com-
parator. The comparator in this circuit foliows the integrator
ramp with a 3us delay, and at a clock frequency of 160kHz
(6zs period) half of the first reference integrate clock period
is lost in delay. This means that the meter reading will
change from 0 to 1 with a 50xV input, 1102 with 150V, 210 3
at 250xV, etc. This transition at mid-point is considered
'desirable by most users; however, if the clock frequency is
increased appreciably above 1680kHz, the instrument will
flash 1" on noise peaks even when the input is shorted.

For many-dedicated applications where the input signal is
always of one polarity, the delay of the comparator need not
be a limitation. Since the non-linearity and noise do not in-
crease substantially with frequency, clock rates of up to
~1MHz may be used. For a fixed clock frequency, the extra
count or counts caused by cemparator delay will be a con-
stant and can be subtracted out digitally. .

The clock frequency may be extended above 160kHz without
this error, however, by using a low value resistor in series
with the integrating capacitor. The effect of the resistor is to
introduce a small pedestal voltage on to the integrator out-
put at the beginnihg of the reférénce integrate phase. By
careful selection of the ratio between this resistor and the
integrating resistor (a few tens of ohms in the recommended
circuit), the comparator delay can be'compensated and the
maximum clock frequency extended by approximately a fac-
. tor of 3. At higher frequencies, ringing and second order
breaks will cause significant nonlinearities in the first few
counts of the instrument - see Application Note AQ17.

The minimum clock frequency is established by leakage on
the auto-zero and reference caps. With most devices, mea-
suremeni cycles as long as 10 seconds give no measurable
leakage error.

EINTERSIL

To achieye maximum rejection of 60Hz pickup, the signal in-
tegrate cycle should be a multiple of 80Hz. Osciltator fre-
guencies of 300kHz, 200kHz, 150kHz, 120kHz, 100kHz,
40KHz, 33%kHz, ete. should be selected. For 50Hz rejection,
osciilator frequencies of 250kHz, 16624kHz, 125kHz,
100kHz, etc. would be suitable. Note that 100kHz (2.5
readings/second) will reject both 50 and 60Hz.

The clock used should be free from significant phase or fre-
quency jitter. Several suitable low-cost oscillators are
shown in the Applications section. The multiplexed output
means that if the display takes sighificant current from the
logic supply, the clock should have good PSRR.

Zevo-Crossing Flip-Flop

The flip-flop interrogates the data onoce every clock pulse
after the transients of the previous clock pulse and half-ciock
pulse have died down. False zero-crossings caused by clock
pulses are not recognized. Of course, the flip-flop delays the
true zero-crossing by up tp one count in every instance, and
if a correction were not made, the display would always be
one count too high. Therefore, the counter is disabled forone
clock pulse at the beginning of phase 3. This one-count delay
compensates for the delay of the zero-crossing flip-flop, and
allows the correct number to be latched into the display.
Similarly, a one-count delay at the beginning of phase 1 gives
an overload display of 0000 instead of 0C01. No delay occurs
during phase 2, so that true ratiometric.readings result.

EVALUATING THE ERROR SOURCES
Errors from the “ideal” cycle aré caused by:

1. Capacitor-droop due to leakage.

2. Capacitor voltage change due to charge "suck-out” (the
reverse of charge injection) when the switches turn off.

3. Non-linearity of buffer and integrator.

4. High-frequency limitations of buffer, integrator and
comparator.

5. Integrating capaciior non-linearity {dielectric absorption.)

6. Charge lost by Crer in charging Cstray.

Z. Charge |ost by Caz and CinT to charge Catray.

Each of these errors is analyzed for its error contribution to
the converter in application notes iisted on the back page,
specifically A017 and AD32.

NOISE
The péak-te-peak noise around zere is approximately 15,V

{pk-to-pk value not exceeded 95% of the time). Near full

scale; this value increases to approximately 30uV. Much of
the noise criginates in the auto-zero loop, andis proportional -
fo the ratio of the input signal to the reference.

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to aveid ground loops in the
layout of ICL7135 circuits, especially in high-sensitivity cir-
cuits. It is most important that return currents from digital

loads are not fed into the analog ground line.

POWER SUPPLIES

The 7135 is designed to work from *5V supplies. However,
in selected applications no negative supply is required. The
conditions 1o use a single + 5V supply are:

1. The input signal can be referenced to the center of the ~

commen mode range of the converter.
2. The signal is less than 1.5 volts.

See “differential input” for a discussion of the effects this
will have on the integrator swing without loss of linearity.
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TYPICAL APPLICATIONS

The tircuits which foliow show some of the'wide variety.of
possibitifies, and serve to illustrate the exceptional versatility
of this A/D converter.

Figure 7 shows the complete circuit fora 4-1/2 digit (£2.000V)
full scale) A/D with LED readout using the ICL8062 as a 1.2V
temperature compensated voitage reference. It uses the
band-gap principal to achieve excélient stability and low
noise at.reverse currents down to 50uzA. The circuit also
shows a typical R-C input filter. Depending on the
application, the time-constant of this filter can be made
faster, slower, or the fiter deleted completely. The 1/2 digit

BINTERSIL

LED is driven from the 7 segment decoder, with a zefo
reading blanked by connecting a D5 signal to RBI input of
the decoder. The 2<gate clock circuit should use CMOS
gates to maintain good power supply rejection.

Figure 8 is similar except the output drives a multiplexed
common ¢athgde LED Display with thé 7-Common Emitter
Transistor Array, fof the digit dfiver transistors, making a
lower. component count possible. Both versions of the
complete circuit will give a blinking display as a visual
indication of overrange. A ciock oscillator circuit using the
ICM7555 CMQS timer is shown.

o ; O 45V
68k0g Ynee = S 15001 Fadr
1oLB0ES 4 ,, ST “~/UNDERRANGE|ZE] 7 N is
7‘; Siocil2] rereRENCE OVERRANGE [27 w800 [+ F B a
T L 2] ANALOG GND " 5TROBE [26 b Bt
FANALOG S 4| INT. OUT RUN/FOLE [25] $4.7 e B2
10kat TioAHS]azIN DIGITAL GNE |24 d B4
mn‘m L 6} BUF GUT POLARITY [23] tff 88|
[T} REF. AP 1 cLock In 22
[8]|Rer. car 2 BUSY |21 LI,
| 8 §IN LO- LSD D1 |20
Efmw 1eLiiss ) o ¥
+5v o—[17] v+ D318 i ';;7
Tizjmso ps b4 [17]
13 LSB B1 MsB BB [16
F‘u B2 Bais]"
—t [l
- c RC NETWORK
fosc = A5/RC

*For finer resolutlon on scale factor adjust, use a 10 turn pol or a small pot in series witha

fixed resiator. -

SET VREF = 1.000V
—5v

Figure 7: 4-1/2 Digit A-D Converter with a multipiexed comimen anode LED display

Vese IN T_ .
o0— v “—/unperrance]zE] EUWAL oy
TUOkIl:, |2 REFERENCE GVERRANGE §27] 2] ﬁ-’
o - 3] ANALOG GND STROBE 1
AN G 27:‘, ={a] T Ut RUN/FRILS §25] oy
mmg FarrE] Az DIGITAL GND [za] alll
= yAn L&} BUF OUT soLariTY [23] E-l 5V
SIGNALWU ; 1;uF-'-_é REF. CAP 1 CLOCK IN {22 % L°
INBLIT s T reF. cara2 BusY [21] L Er— ]
‘”*‘F:bcé N LO- : Lso b1 [20 ,I
o —{10]IN HE+ {17135 bz 18]
5V o117 vt p3 [1a]
[12] MSD D5 pa [17]
‘ 13§ LSB B1 mse-be |16}
’-[—14 B2 B4 [15] :
L | +5v

10-15k}
ADJUST TO
FoL = 120kHZ

Figure 8: Driving multiplexed common cathode LED displays
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- A suitable circuit for driving a plasma-type display is shown
in Fig. 8. The high voltage -anode. driver-buffer is rhade by
Dionics. The 3 AND gates and caps driving ‘Bl' are needed
for interdigit blanking of multiple-digitdisplay elements, and
can be omitted if not needed. The 2.5k & 3k resistors set the
current lévels in the display. A sirnilar arrangemeni canbe
used with Nixie® tubes. -

The popular LCD displayscanbei nte‘r‘faced-to the O/P ofthe

ICL7135 with suitable display drivers, such as the IGM7211A

as shown in Figure 11. A standard CMOS 4000 series LCD
driver cireuit is.used for displaying the 172 digit, the polarity,

® Nixle is a registered trademark of Burroughs Ccrpération.

Figure 9: ICL7135 Plasma Dispiay Circuit
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and an ‘overrange’ flag. A similar circuit can be used with the
ICL7212A LED driver arid the 1CM7235A vacuum fluarescent
driver with appropriate-arrangements made for the 'extra’
outputs. Of course, .another full driver circuit could be
ganged to'the one showniif required. This would be useful if
additional gniunciators were needed. The Figure shows the
complete. circuit for a 4-1/2 digit-{£2.000V). A/D.

Figure 10 shows & more complicated circuit for.driving LCD

displays. Here the data-is latched into the ICM7211 by the
ETROEE signat and 'Overrange |s indicated By blanking

the 4full dlglts

S 412 DIGIT LEDBISPLAY
:Ea'p’ NN ” l

= =/HEH

"1/2 cDa030

a = v +5
POL i d 1 oo 3K 23 POL Lf5er
[ B N B i e DG I (S ——" 1/4 CD4030
. - = - PROG: 20 D1 _D_cmm : ! 21 D1
o ‘ -
15 RBD o 19 D2 ™y 32 D2
v || [ 1] RBIBI D A 1/ i
—
[Hrvotrase surrer oi sos] : w1 33 D3
- 17 D4 1y - 134 D4
Lt 16 B8 | _-\_I ~ CDa07il. - a0 83
o2 H| 1583 1 j—— o 20 B2
u . Eh
] :g ] 14 B2 1™y - 26 B
] 13 81 H\ 27 BO
FOL D5 12 b8 p— il
ICL7135 1 — 26 STROBE ICM7211A
‘;—;33 27 oR—
! ICL7135 gy

1/4 ©DA030

Figqure 10; LCD Display with Digit Blanking on -Ovérrange

:
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o= — 2yREF orf27 1161514925 3 4
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= GND A 4{INT ouT R/H] 25 ]
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Figure 11: Driving LCD Displays
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TYPICAL APPLICATICNS (Contd.).

A probfem sometimes éncountered with both. LED & plasma-
type display driving is that of clock source supply line
variations. Since the supply is- shared with. the display, any
vatiation in voltage due to the display reading may cause
clock supply voltage modulation. When in .overrange the
display alternates between a blank display and the 0000
overrange indication. This shift.occurs during the reference
integrate phase of conversion causing alow display reading
just after overrange recovery. Both of the above circuits have
considerable current flowing in the digital supply from
drivers, tc. A clock source using Intersil's LM311 voltage
comparator in positive feedback mode (Figure 12} could
minimize any clock frequency shift-problem. )

The 7136 is designed to work from £5 volt supplies. However,
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if a negative supply is notavailabie, it can be generated from
2 capacitors, and an inexpensive LC. {Figure 13).
INTERFACING WITH UARTS

AND MICROPROCESSORS

Flgure 14 'shows a very simpie interface between a free-
ruAning ICL7135 and a UART. The five STROBE pulses start

the transmission of the five data words. The digit 5 word is
D000XXXX, digit 4 is TODDXXXX, digit 3is 0100XXXX, etc. Also

“the polarity is transmitted indirectly by using it to drive the.

Even Parity Enable Pin (EPE). ¥ EPE of the receiver is held
low, a parlty flag at the receiver can be decoded as a positive
signal, no flag as negative. A complex arrangement is shown
in Figure 15. Here the WART can insfruct the A/D to begina
rheasurement sequence by a word on RRL The BUSY signal
resets the Data Ready Reset (DRR). Again STROBE starts the

§+6Y +8Y
‘ N S .
A B I
ICLT660 .
——3] 7]
.
o.zz,uF:L 10uF 22 /;E o 5]
. 104F .
7= 390pF $
f77 . L
Figure 12: YM311 Clock Source Figure 13: Generating Negative Supply from +5V
- SERIAL QUTPUT t t [
TO RECENING UART, TRO RAI  DRR
T bR
IME402/3
TRO — EPE TBRL
. TBR
UART —_
EFE IMBAD2/3 TERL 2 4 5 6 7 8B
18R 1Y 2Y 3Y _ ewaBLEl o
A T d Q =
1 2 a3 4 5 & 7 8 'n"4c157v'5
T N D Y A 1A24 35 & 18 28 28
Dy Dy D2 D1 B1 Be Bs Bg } Whllll'
— 1 1
NG —— Ds STROBE { DiD3 Dz D1 B Bz B4 Bg P O U
o v N
. L eD
ICLT135 Lio R E
g : 5 ) - R R .
FOL N & ICL7135 STroNE —— v
. RUN/HOLD |—-o + RUN/HOLD *5
L BUSY "100p! 10K
Figure 14: 1CL7135 to UART Interface Figure 15; Complex ICL7185 to UART Intetface
.. - LY
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™~ -
™ \
...'_.___1_3_\ ~e12 |
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Figuré 16: 1M8100 to ICLT7135 Interface
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EN s 1w FAD
‘E
T4C157 'E ay PA1
¢ MCBBOX
152838 T 142434 7 Paz R
‘. PA3 | mcsesax
McEB20
P O U DsBsB4B2B
E EE 5B Bs B2 L ——]Pas
D PAS
ICLTI35 ¢
RE c Dy PAS
RUN/
HOLD STROBE  °° pa7
; . ca CAZ

Figure 17: ICL7135 to MG6800, MGSE50X Interface

transmit sequence. A quad 2 input multiplexer is used ta
superimpose polarity, over-range, and under-range onto the
Ds word since in this instance it is known that Bz = By = Bg =
0.

For correct operation'it is important that the UART clock be
fast enough that each word is transmitted before the next
STROBE pulse arrives. Parity is locked into the UART at load
time but does not change inthis connection during an output
stream.

BIIN[ERS]IB

5 EN s w PAD
740157 L 2v| A1 INTERSIL
£ IMBUCa8
162838 T 1a2834 37 PA2 INTEL
PA3 8085,
8255 ) “ETC,
{MODE 1)
S(‘E}ngDsishEzBB‘ PAG
Rg ICL7T13s D2 Pas
R D PAB
RUN/ D4 PAT

HOLD STROBE

STROUBE PAS

L

Figure 18: ICL7135 to MGS-48, -B0, 85 Interface

Cireuits to interface the ICL7135 directly with three popular
microprocessors are shown in Figures 16, 17 and 18. The
matin differences in the circuits are that the IM6100 with its 12
bit word capability can accept polarity, aver-range, under-
range, 4 bits of BCD and 5 digits simultanecusly where the
8080/8048 and the MCB800 groups with 8 bit words need to
have polarity, over-range and under-range multiplexed onto
the Digit 5 word - as in the UART circuit. In each case the
microprocessor can instruct theé A/D when to begin a
measurement and when to hold this measurement.

APPLICATION NOTES

A016 “Selecting A/D Coriverters,” by David Fullagar

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

A018 “Do's and Don'ts of Applying A/D Converters,” by
Peter Bradshaw and Skip-Osgood

A019 “4-1/2 Digit Panel Meter Demonstrator/Instrumenta-
tion Boards,” by Michael Dufort

A023 “Low Cost Digital Panel Meter Designs,” by David
Fullagar and Michael Dufort

‘A028 "Building an Autoc-Ranging DMM Using the
8052A/7103A A/D Converter Pair,” by Larry Goff

A030 “The ICL7104 - A Binary Qutput A/D Gonverter for
Microprocessers”, by Peter Bradshaw

A032 “Understanding the Auto-Zero and Common Mode
Performance of the ICLT108 Family”, by Peter
Bradshaw '

R005 “Interfacing Data Converters & Microprocessors,” by
Peter Bradshaw et al, Electronics, Dec. 9, 1976
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FEATURES

. First-readinﬁ recovery from overrange gives
immediate “OHMS” measurement

required .

ovetrrange hangover

Guaranteed zero reading for 0V input
True poiarity at zero tor precise null detection
1pA typical input current

True differential input and reference
Direct LCD display drive — no externai components

On-chip clock and reference ‘
Low power dissipation, guaranteed less than

Pin compatible with the ICL7106, ICL7126
l.ow noise — 15Vp-p without hysteresis or

1mW— gives 8,000 hours typical 9V battery life

No additional active circuits required
Evaluation Kit available (ICL7136EV/Kit)

ICL7136
3%-Digit
Low Power AID Converter

GENERAL DESCRIPTION

The Intersil ICL7136 is a high performance, very low power
3va-digit A/D converter, All the necessary active devices are
contained on a single CMOS IC, including seven-segment
decoders, display 'drivers, reference, and clock. The 7136 is
designed to interface with a liquid crystai display (LCD) and
includes a backplane drive. The supply current is under
1004, ideally suited for 9V battery operation.

The 7136 brings together an unprecedented combination of
high accuracy, versatility, and trug economy. High accuracy,
ifke auto-Zero to less than 10uV, zero drift of less than 1,M°C,
input bias current of 10pA max., and rollover error oflessthan
one count. The versatility of true differential input and
reference is usefui in all systems, but gives the designer an
uncommon advantage when measuring load cells, strain
gauges and other bridge-type transducers. And finally the
true economy of single power supply operation allows a high
performance panel meter to be built with the addition of only
7 passive components and a display.

The ICL7136 is an improved version of the IGL7128,
eliminating the overrange hangover and hysteresis effects,
and should be used in its.place’in all applications. it can also
be usad as a plug-in replacement for the 1CL7106 in a wide
variety of applications, changing only the passive
components. )

ORDERING INFORMATION

TEMPERATURE || ORDER PART
PART PACKAGE RANGE NUMBER
7136 40-pin CERDIP g°Cto +70°C |[ICL7136CJL
7136 40-pin Ceramic DIP [ 0°C to +70°C | ICL7136GDL
7136 40-pin Plastic DIP 0°C to +70°C |ICLT136CPL
7136 Kitl Evaluation Kits ICL7A36EVIKIT

(UNITS)

(TENS)

{100's)

ICL7136

PIN CONFIGURATION (Outline dwgs. DL, JL PL)

‘—E v+ 05C 1[40
180%0
=] o oscz[m ]
33|
Ela osca ITPF
[@]m TEST 7]
& & e by [} SET REF=100.0m¥
240k8
{Em REF LD (5]
oka
7] & CREF [B——F
. 0.1gF
. B CREF[B————
DISPLAY o | commfs
INTERSIL 1M
[@|ca w36 mHIfsT Ay 0+
0.00F IN
[i1] &= N Lo [39] = o~
o az (= L .
160k —_
13} F2 BUFF |28 _w
[l = INT {27 TOATLF -
[15] os v- |2
[16] =5 6z [25
[l Fs C: [2d
[16] & NS
[18] aBa G [22
| [edeoL BP 2]
DISPLAY
|CL7436 with Liquid Crystal Display
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ABSOLUTE MAXIMUM RATINGS

SupplyVoltage(Vt toV™) ..o o 1BY
Analog Input Voltage (sitherinput)(Note 1) ...... V¥ toV ™
Reference Input Voltage (eitherinput) ........ AR\
Clocklnput ............; e TESTtov*

BINTERSIL

Power Dissipation(Note2)

CeramicPackage .........coveviineenninn.. 1000mwW
_ PlasticPackage .................... RPN 800mw
OperatingTemperature ................... 0°Cto +70°C
Storage Temperature ................. —-65°Cto +160°C
Lead Temperature{soldering,60sec). .............. 300°C

Note 1: Input voltages may exceed the supply valtages, provided the input current is limited to =100zA,
Note 2: Dissipation rating assumes devige Is mounted with all leads soldered to printed circult board.

Stressesabove those listed under “Absofute Maximum Ratings” may cause permanent damage 1o the dévice. These are stress ratings enly
and functional operation of the devicé at these or any other conditions above thase ipdicated in the operational sections of the specifica-
tions Is not implied, Exposure to sbsoiute maximum rating conditions for extended periods may affect device refiability.

ELECTRICAL CHARACTERISTICS (Note 3. 7)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Zero Input Reading Viy =00V —-000.0 +000.0 +d00.0 Digital Reading
Full-Scale =200.0mv

Ratiometric Reading Vin = VRer, Vaee = 100mV 899 : 999/100¢ 1000 Digital Reading
Roll-Over Error (Difference in ~ Vi = + Vyy = 200.0mV -1 +0.2 +1 Counts
reading for equa’ positive and
negative reading near fuli-scale)’
Linearity (Max. deviation from Fuli-Scale =200mv -1 | =002 +1 Counts
best.strafght line fit) or Full-Scale = 2,000V
Commeh-Mode Rejection Ratio Veu= 21V, Vi =0V 50 . wiv
{Note 4) Full-Scale = éoo.cmy
Noise (Pk-Pk value not exceeded Vi =0V, Full-Scale = 200.0mV " 15 _' wV
95% of time) ’
Leakage Current @ Input Vi =0V 1 1 pA
Zero Reading Drift Vi =20\L 0°Ca Ty +70°C 0.2 1 . wVI°C
Secale Factor Temperature Vin=199.0mV, 0°C < Ty < + 70°C 1 5 pEm/*C
Goefficien: (Ext. Ref. Oppm/"C) o _
Supply Curient (Does not Vi = 0V {Note 6) 70 100 : A
include COMMON current) . )
Analog COMMON VYoltage {With 250kD between Common and 2.6 3.0 3.2 v
Tespect to positive supply) F'os_itfve Supply ] )
Temp. Coeff. of Analog COMMON | 250K between Common and 150 pPPMI*C
(With respect to positive supply) Positive Supply
Pk-Pk Segment Drive Voltage vtiov= =gV 4 ) 6 v
{Note §) '
Pk-Pk Backplane Drive Voltage V¥ tov T =ov 4 5 8 v
(Note 5) )
Power Dissipation Capacitance vs Clock Frequ_ency .40 pF

Note 3: Unless otherwise noted, specifications apply at T, =25"C, f,

Note 4: Refer to "Differential Input” discussion.

ciock = 18kHzZ and are tested In the circuit of Figure 1.

Note 5: Backplanedriveisin phase with segment drive for “off"" segment, 180° out of phase for o segment. Frequency is 20times conver-

sion rate. Average DC component is less than 50mv.
Note 8: 48kHz oscillator, Figure 2, increases current by 20uA (typ).

Note 7:  Exira capacitance of GERDIP package changes oscillator resistor valus to 470k0. or 150k0 {1 reading/sec or 3 readings?sec).
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TEST CIRCUITS

DISPLAY

INTERSILICLT 138
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& |8

R
2| J<] Jo| s 3 3

;—_ DISPLAY f

Figure 1. 7136 Clock Frequency 16kHz (1 reading/sec)

DETAILED DESCRIPTION—Analog Section
CONVERSION CYCLE '

G| |8

B i'&'}ﬁ

Figure 3 shows the Block Diagram of the Analog Section for
the {CL7136. Each. measurement ¢ycle is divided into four
phases. They are 1) auto-zero (A-Z}, 2) signal iniegrate (INT),
3) de-integrate (DE) and 4) zero integrator (Z1).

1. Auto-Zero Phase

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally
shorted to analog COMMON. Second, the reference capac-
itor is charged to the reference voltage. Third, a feedback
loop is closed around the system to charge the auto-zero
capacitor, Caz, to compensate for offset voltages in the
buffer amplifier, integrator, and comparator. 3ince the

- comparator is included in the loop, the A-Z accuracy is
Jimited only by the nols¢ of the system. in any case, the offset
referred to the input is less than 0uV,

2 Signal Integrate Phase

During signat integrate, the auto-zero loop is opened, the in-
ternal short is removed, and the internal imput high and low

Cree* w REFHI

EBINTERSIL

DISPLAY

INTERSIL ICLT1S6

Tk ]

R

EEERR

Figure 2. Clock Frequency 48kHz (3 readingsisec)

G| 8| [<] [&] |& 2

& ® H

are connected to the external pins. The converter then inte-
grates the differential voltage between INHland IN LOfora
fixed time. This differential voltage can be within a wide
common-mode range; within 1V of eithier supply. If, on the
other hand, the input signal has no return with respect to
the canverter power supply, IN LO can be tied to analog
COMMON to establish the correct common-mode voltage. At
the end of this phase, the polarity of the integrated signal is
determined.

3. De—llniegrate Phase

The next phase is de-integrate, or reférence integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reféréence
capaciter. Gircuitry withirrthe chip ensures tha the capacitor
will be connected with the correct polafity to cause the inte-
grator output to return o zero, Thetime required for the out-
put to return to zerc is proportional to the input signal.
Specifically, the digitat reading displayed is 1000 Min/VRer)
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1
~ yzeRo_ _wWT_
e =T nirearaton [#
y N + cnzaEsRs'lJNG
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TO
#DIGITAL
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- SECTION
POLARITY [4—
) FLIPIFLGP .

Figure 3. Analog Section of 7136
4110
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4. Zero Integrator Phase

The final phase is zero integrator, Fisst, input low is shorted
to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Finally, a feedback loop is
closed around the system to input high to cause the inte-
grator output to.return to zero. Under normat conditions, this

phase lasts for between 11 to 140 clock pulses, but after a
" “heavy" overrange conversion, it is extended to 740 clock
pulses,’

DIFFERENTIAL INPUT

The input can accept differential voltages anywhere within
the cornmon-mode range of the input amplifier; or specifical-
ty from 0.5V below the positive supply to 1.0V above the nega-
tive supply. In this range the system has a CMRR of 88dB
typical. However, since the integrator also swings with the
comrmon-mode voltage, care must be exersised to assure the
Intégrator output does not saturate. A worst case condition
would be a large positive common-mode voltage with & near
full-scale negative differential input voltage. The negative
input signal drives the integrator-positive when most of its
swing has been used up by the positive common-mede volt-
age. For these critical applications the integrator swing can
be reduced to less than the recommended 2V full-scale swing
with little loss of aceuracy. The integrator output can swing
within 0.3V of either suppiy without loss of linearity.

DIFFERENTIAL REFERENCE

The reference voltage can be generated anywhers within the
power supply voltage of the converter. The main source of
commen-mode error is a roll-over voltage caused by the refer-

EINTERSIL

supply voltage is less than that which will cause the zener to
regulate (< 7V}. These problems are eliminated if an external
reference is used, as shown in Figure 4.

LAl vt
VY Rer vt
Hi S
L’ ICL7135 1.2VOLT
REFLO[+2 A ShvoLT REFERENCE
) (INTERSIL
ICLT136 |Iz REF HI P ICLEGER)
¢ REFLO
" COMMON
. V- .
(a) (-1

Figure 4. Using an External Reference

Analog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN. LO is different. from analog
COMMON, 2 common-mode voitage exists in the system and
is taken care of by the excelient CMRR of the converter.
However, in soma.applications IN LO will be set at a fixed
known, voltage {power supply common for instance}. In this”
application, analog COMMON should be tied to the same
point, thus removing the common-mode voltage from the
converter. The same holds true for the reference voltage.
If the reference can be conveniently referred to analog
COMMON, it should be since this removes the common-
mode voltage from the reference system.

Within the IC, analog GOMMON is tied to an N channe! FET
which can sink 100A or more of current to hoid the voltage
3.0V beiow the positive supply (when a load is trying to pulf
the common line positive). However, there is only 14A of

_source current, so COMMON may easily be tied to a more

énce capacitance losing or gaining charge to stray capacity -

an its nodes. If there is a large common-made voltage, the
reference capacitor can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose chargs
(decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for {+}or(=)input
voltage will give a roll-over error. However, by selecting the
reference capacitor large enough.in comparison to the stray
capacitance, this error can be held to less than 0.5 count far
the worst case condition (see Component Values Selection).

ANALOG COMMON

This pin is included primarily to set the common-mode
voltage for battery operation or for any system where the in-

put signals are floating with réspect ta the power supply. The -

COMMON pin sets a voltage that is approximately 3.0V more
negative than the positive supply. This is sefected to give a
minimum end-of-life battery voltage of about 6Y. However,

analog COMMON has some of the attributes of a reference:

voltage. When the total supply voltage is large enough to
cause the zener to regulate (> 7V), the COMMON voltage will

have a low voltage coefficient (0.001%/!%), low output im- -

pedance (= 350), and a temperature coefficient typically less
than 80ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Tempera-
ture changes of 2°C to 8°C, typical for instruments, can givea
scale factor error of a count or more. Also, the COMMON
voltage will have a poor woltage coefficleént when the total

‘negative voltage, thus overriding the internal reference.

TEST

The TEST pin serves two functions. It is coupled to the inter-
nally generated digital supply through a 500G resistor, Thus, it
can be used as ihe negative supply for external segment
drivers such as for decimal points or any other presentation
the user may want to'include on the LCD display. Figures 5
and 6 Show such an application. No more than a 1mA load
should be applied: '

—
v 1M

ICL7136 o LCD
DECIMAL POINT
Be |— INTERSIL
2 i 1750
TEST
Ed ToLeD
BACKPLANE

Figure 5. Simple Inverter for Fixed Decimal Point

The second function is a “iamp test” When TEST is pulled

high {to ¥ *) all segments will be turned on and the display
should read —1888. The TEST piawill sink about 10mA under
these conditions.

" Caution: In the lamp test mode, the segments have a con-
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stant DC voltage (nho square-wave). This may burn the LCD
display it maintained for extended periods.
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Figure é. Exclusive “OR” Gate for Decimal Point Drive

' DETAILED DESCRIPTION—Digital Section

Figure 7 shows the digital section for the 7136. An internal
digital ground is generated from a 6V Zener diode and a large
P ¢hannel source follower: This supply is made stiff to absorb
the relatively large capacitive currents when thie backplane
{BP} voltage is-switched. The BP frequency is the clock fre-
quency divided by 800. For three readingsisecond this is a
_ 60Hz square-wave with a riominal amplitude of 5V. The

segments are driven at-the same frequency and amplitude
and are in phase with BP when OFF, but-out of phase when
ON. In all cases négligible BC voltage exists across the
segments. The polafity indication is “ON” for negative
analog inputs. 1f IN LO-and IN HI are reversed, this indication
tan be reversed also, if desired.

DISPLAY FONT

EXTERANAL
DSCILLATOR
RC NETWORK

TEST

Figure 8. Clock Circuits

SYSTEM TIMING

Figure B shows the clock oscillator provided in the 7136,
Three basic clocking arrangements can be used:

1. An external oscillator connected to pin 40.
2, A crystal beiween pins 39 and 40.

. 3. An RC oscillator using all three pins.

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the four
convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate (0 counts to 2000 counts),
zero integratof (11 counts to 140 counts™) and auto-zero
{210 counts to 2900 courits). For signals less than full-scale,
aute-zero gets the unused portion of reference de-integrate

* After an overranged conversion of more than 2060 counts, the
" zero integrator phase will last 740 counts, and auto-zero will last
260 counts. .
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ICL7136 |
and zero integrator. This makes a complete measure cycle of
4000 (16,000 clock pulses) independent of input voltage. For

three readingsfsecond, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejéction of 80Hz pickup, the signal in-
tegrate cycle should be a multiple of the 80Hz period.
Oscillator frequencies of 80kHz, 48kHz, 40kHz, 331akHz, etc.
should be selected. For 50Hz rejection, oscillator frequen-

cies of 6624kHz, 50kHz, 40kHz, ete. weuld be-suitable. Note -

that 40kHz (2.5 readings/second) will reject both 50Hz and
60Hz (also 400Hz and 440Hz), See also A0S2.

COMPONENT VALUE SELECTION (See also A052}
Integrating Resistor

Both the buffer amplifier and-the integrator have a class A
output stage with 6uA of quiescent current, They can supply
~1pA of drive current with négligible nof-linearity. The in-
tegrating resistor should bé large enough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage.requirements are not placed on
the PC board. For 2V full-scale, 1.8MR is near optimum, and
similarly 180kt for a 200.0mV scale.

Integrating Capacitor

The integrating capaciter should be selected to give the
maximum:voltage swing that ensures tolerance buitd-up will
not saturate the integrajor swing (approx. 0.3V from either
supply). When the analog COMMON is used as a reference, a
nominal =2V fuil-scale integrator swing is fine. For three
readings/second (48kHz clock) nominal values for Gyt
are 0.047,F, for 1 reading/second (16kHz) 0.154F. Of course, if
different oscillator frequencies are used, these values should
be changed in inverse proportion to maintain the same
output swing.

The integrating capacitor should have low dielectric absorp-
tion o pieverit roli-over errors. While other types may be ade-
quate for this application, polypropylene capaciters give
undetéctable errars at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on the
noise of the system. For 200mV full-scale where noise is very
important, a 0.47uF capacitor is recommended. The ZI phase
aliows a large auto-zero capacitor to be used without causing
the hysteresis or overrange hangover probiems that can oc-
cur with the 1ICL7126 or ICL7106 {see AD32).

Reference. Capacitor

A 01xF capacitor gives good results in most applications.
However, where a large common-mode voltage exists (i.e., the
REF LO pin is not at analog COMMON) and a 200mV scale is
used, a larger value is required to prevent roll-over error
Generally, 1.0uF will hold the rotl-over error to 0.5 count in this
instance.

Osci!l_ator_Components

- For all ranges of frequency a 80pF capacitoris.-recommended
and the resistor is selected from the approximate equation
f~0.45/RC. For 4BkHz c¢lock (3 readings/second), R =180k,
for 16kHz, R =560kQ:

P
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Reference Voltage

The analog input required to generate full-scale output (2000
counts) is: Viy=2Vgrer. Thus, for the 200.0mV and 2.000V
scale, Vrer Should equal 100.0mV and 1.000V, respectively.
However, in many applications where the A/D'is connected to
a transducer, there will éxist a scale factor other than unity
between the input veltage and the digital reading. For in-
stance, in a weighing system, the designer might like to have
a full-scale reading when the voitage fl_'brn the transducer is
0.682V. Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and select
Vrer=0.341V. A suitable value for the intégrating resistor
would be-330kQ. This makes the system slightly quieter and
also avoids the necessity of a divider network on the input.
Another advantage of this system occurs when a digital
reading of zero is desired for Vy#0. Temperature
and weighing systems with a variable tare are examples. This
offset reading can- be conveniently generated by con-
necting the voltage transducer between IN Hl and COMMON
and the variabie (or fixed) offset voltage between COMMON
and IN LO.

TYPICAL APPLICATIONS

The 7136 may be-used in a wide variety of configurations. The
circuits which follow show some of the possibilities, and
serve to Iflustrate the exceptional versatility of these
AJD converters,

To pin 1 s-——y
osc 2
Qsc3
TEST
AEF HI
REF LO

© AEF
CREF
COMMON
IN HI
INLO

Az

' BUFF
INY

v

Gz

€3

Ay

180k
Set ¥rel = 100.0m¥

i

S0pF

= 100 220K0

= 0.1uF!

e
oy AAYAY
== 0.0T4F
T

A7sF
R ; 180G
waarE

TO DISPLAY

LTI

T

it

LILILIL]

LILILE S

Gy
BR

[C—— ToBAGKPLANE
£

Figure 9. 7136 Using the Internal Reference. Values shown are
for 200.0mV full-scale, 3 readmgsrsec, floating supply voltage
{3V battery).

—U—_iﬂ To pin 1
= vy
oseaf}+—— Set ¥ret = 100.0mV
TEST [ SOpF
ol — I ]
REFHIT ] B Voo 2
REF LO [ }——" oyt
CREFI—— 4 Fe
< REE [j—T 01 TIVICLA0G)
COMMON [ ——4 M0 .
I8 HI [}
» = 001uF N
NLO
S o
oy = A 1EDND
BUFF [}
INT g o
= v
Gz [
el YO DISPLAY
a3 !
(=3 o
B9 [ Jowm TO'BACKPLANE

8

Figure 10. 7136 with an External Band-Gap Refersnce (1.2V Type).
IN LO is tied to COMMON, thus establishing the correct common-
mode voltage. COMMON acts as a pre-regulator for the reference.
Values-shown are for 1 reading/sec.
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TYPICAL APPLICATIONS (Continuedy

Topin1
40 .
7 osci1LF 800 * -
0sC 2 - y . : -
0sG 31— Sal Vrel = 1,000V | . — Set Vrel = 100.0mV
sty SWF P ‘ st SF
o o A — Aoy Aoy
REF LD s A\ —oyt : - —
CREF[ g p B0 240K : o P e ’I’a.w
. CREF[J—T - = 15F|
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G f ‘ Gz E
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Figure 1. Recommended Component Values for 2,000V Full- Figure 12. 7136 with Zener Diode Reference. Since low TC zeners
Scale, 3 Readings/Sec. For 1 reading/set, change Cjyr, Rose 1o have breakdown voltages ~8.8V, dipde must be placed across the
-values of Figure 10. total supply (10V). Asin the case of Figure 11, IN LD may be tied to
: COMMON, '
—— N : -
Te pin1 . Topin1 v
40 40
" osc < 7 osc1 + :
osc 2|} 0sc 2 @
ose 15 ] Set Vref = 100.0m¥ |- osc 3y I .
TesT [ S0pF i TEST ] il
REF HI [T] ' REF HI ]
REF LO |} v v +5V REF LO []
G REF :__,_“ ok 100ke | 27kR € REF :_..-«-‘_-Lm £
¢ RER [—T " 1.2V [ICLBOGS) & REF [ 3——T " "
COMMON [ ———s——4 M1y - cammon ]
IN HI [l ANy INHI PP
NLOL E S ° e DETF
] =y =
INT ;—J - —*| -
M e H
Gz [ = Gz ]
:: % TO DISPLAY z & T0-DISPLAY
= . Gz |1
GND E——'m BACKPLANE . BP [ -+ TO
a ’ —n BACKPLANE =
Figure 13. 7136 Operated from Single + 5V Supply. An external Figure 14. 7136 Measuring Ratiometric Values of Quad Load Cell.’
reference must be used in this application, since the voltage The resistor values within the bridge are detérmined biy the desired
betweenV * and V™ is insufficlent for correct operation of the in- sensitlvity. )
ternal reference.
vt “
Topin 1 1 a0
ao X p————Jva  ~ esc1[l)
= asc1 - e oscz ]
oscz L= 3 To Cleci osca[
psc 2l S Scale factor adjust . loglc Bl TEST
TEST{] S0pF / ;I::I';n; NPN [he E A1, - rerr g
REF HI [ rm ap 704 of Oe REFLO []
iy " oon, % 1 L& T00RR simliar Han ¢REF TZ:,“S"’
creF [ F—=, o 2o0ke 470k 7 === Oei CREF [
¢ ReF f3—— ¥ ._»V-Y\,_W\,_q ﬂ o2 COMMON 1
common |3 L L) e Y |
IN HI.:W:«-—.—I zero adjusi e ez INLO [
i Lo = S N = E-3 &z 0
Az g——— L = = I BuFF [ ]
N =2 0= we Bl
L ™ s — T GRange  Lfos v v
v [— 2 ]
] . _J—-GE_QG Clra . [~
i: = T DISPLAY ’ UrRange GE : :( - e é: 5
G2 . jroL BP [ F
BP TO BACKPLANE e 20 TR
——t .
. - . . ©D4023 ] °<:.h‘
Figure 15. 7136 used as a Digital Centigradé Thermometer. A : oy 7aC10 cDao7?
silicon diode-connected transistor has.a temperature coefficient i ) . '
of about — 2mvr°C. Calibration is achieved by placing the sensing Figure 16. Circuit for Developing Underrange and Overrange
transistor in ice water and-adjusting the zétoing potentiometer for Signals from 7136 Outputs:

a 00C.0 reading. The sénsof should then be placed.in boiling-watér
and 1he scale-factor potentiomater adjusted or a 100.0 reading. : -
See |CLBO73/4 and AD590 data shéets for alternative circuits. *Vajues depend on clock frequency. See Figures 9,10, 11.
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TYPICAL APPLICATIONS (Gontinued)

anpln 1 »” Scale faclor adlu:l
b e a——— AC to AMS]
osc1 ; 1D|.¢F (Vref = 100mV for o ]
T T
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CREF | +—p, <0ka -
¢ ReF [P 0F
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BUFF [ ] Jaoka 10uF = . _ !
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Figure 17. AG to DC Converter with 7136. Test is used as a gommon-mode reference level to ensure compatibility with most op amps.

APPLICATION NOTES

A016"Selecting A/D Converters;' by David Fullagar.

A017 “The Integrating A/D Converter!' by Lee Evans.

A018°Do’s and Dont’s of Applying A/D Converters? by Peter
Eradshaw and Sklp Osgooed.

AQ19“4'2-Digit Panel Meter Demonstrator/instrumentation
Boards] by Michael Dufort,

A023“Low Cost Digital Panel Meter Designs! by David
Fullagar and Michael Dufort.

A032“Understanding the Auto-Zere and Common-Mede
Behavior of the ICL.7106/7/9 Family)’ by Peter Bradshaw,

ADA6“Building a Battery-Operated Autd Ranging BVM with
the ICL7108;" by Larry Goff.

A0AT"Games People Play with Ii't_tersil’s A/D Converters)’
edited by Peter Bradshaw,

AQ52“Tips for Usmg Single-Chip 3%- Dlglt A/D Converters)
by Dan Watson.
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7136 EVALUATION KITS

After purchasing a sample of the 7138, the majority of users
will want to.build a simple voltmeter. The parts ¢an then be |
evaluated against the data sheet specifications, and tried
out in the intended application.

A4

To facilitate evaluation of this unique circuit, Intersil is offer-

" ing a kit which contains all the necessary components to

build a 3%-digit panel meter. With the ICL7136EVIKit. and )
the small number of additional compo-

nents required, an engineer or technician

can have the system “up and running”

. in.about half.an hour. The kit contains

a circuit board, a display {LCD), pas-
sive components, and miscellaneous
hardware.
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FEATURES

« First-reading recovery from overrange gives
immediate “OHMS” measurement
Guaranieed zero reading for 0V input

True polarity at zero for precise nufl detection
1pA typical input current

True ditferential input and reference

Direct LED display drive — no external components
required

Pin compatible with the ICL7107

» Low noise — 15.Vp-p without hysteresis or
overrange hangover

On-chip clock and reference

Improved rejection of voitage on COMMON pln
No additional active circuits required
Evaluation Kit available (ICL7137EV/Kif)

d

ICL7137
3'.-Digit
Low Power AID Converter

GENERAL DESCRIPTION

The Intersil ICL7137 is a high performance, very low power
3va-digit A/D converter. All the nécessary active devices are
.contairied on a singie CMOS IC,. including seven-segment
decoders, display drivers, reference, and clock. The 7137 is
designed to interface with & light emiiting dicde (LED) dis-
play. The supply current (exclusive of display)is under 200uA,

" ideally suited for battery operation.

The 7137 brings together an unprecedented combination of
high accuracy, versatility, and trué economy. High accuracy,
like auto-zero to less than 104Y, zero drift of less than 12V/°C,
input bias current 7 10pA max., and rollover errorof lessthan
one count. The versatility of true differential input and
reference is usefulin ail systems, but gives the'designer an
uncommen advantagé when measuting load cells, strain
gauges and other bridge-type transducers. And finaliy the
true economy of the ICL7137 allows a high performance
panel meter t¢ be built with the addition of.only 7 passive
components and a display. .

The IGL7137 is an ,mproved versiori of the IGL?107
eliminating the overrange hangover and hysteresis effects,
and should be used in its place in all applications, changmg
only the passive component values.

ORDERING INFORMATION®

TEMPERATURE | ORDER PART

PART PACKAGE AANGE NUMBER

7137 40-pin CERD!P 0°C ta +70°C | ICLT137CJL

7137 40-pin Ceramic DIP | Q°Cto +70°C ICL7137CDL

7137" 40-pin Plastic DIP 0°Cto +70°C | ICL7137CPL

7137 Kit | Evaluation Kit IGL7137EVIKIT

*Plastic package device is available with reverse-bent leads.
Order ICL7137RCPL.

DISPLAY

comm [32}

PIN CONFIGURATION® (outline dwgs PL, JL, DL}
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ICL7137 with LED Display
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ABSOLUTE MAXIMUM RATINGS

SupplyVoltageV™* ... ... e, v + 6V
, R e e —gv

Analog input Voltage (eitherinput) (Note 1) ...... Vitov-

Reference Input Voltage {eitherinput) .......... VoV

Clegk Input . ..t eveeeaennss s GNDtovt

BINTERSIL

Power Dissipation (Note 2

CeramicPackage ................. e 1000mwW
PlasticPackage . ....... .. cieiiiiunnnnan. 800mw
OperatingTemperature . . ................ 0°Cto +70°C
StorageTemperature ................ —65°Cto +160°C
Lead Temperaiure{soldering,60sec).......:...... 300°C

Note 1: Input voltages may exceed the supp!y vollages, provided the Input current Is limited to = 100,A.
Note 2: Dissipation rating assumes device is mounied with all leads soldered to printed circuit board. '

Stresses above those listed under "Absoiute Maximum Ratings" may catise permanent damage to the davice, These are stress ra tings only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica-
tions is not implied. Exposure to absolute maximum gating conditions for extended periods may affect device reliabitity,

ELECTRICAL CHARACTERISTICS Note 3)

MAX

PARAMETER CONDITIONS MIN TYP UNITS
Zero Input Reading Vin=0.0¥ —000.0 =000.0 +000.0 Digital Reading
Full-Scale = 200.0mV
Ratiometric Reading VN =Vgaee, Yrer = 100mY 899 999/1000 1000 Digitai Reading
Roll-Over Error (Difference in —Vinm +Vy=200.0mY -1 +=0.2 +1 Counts
reading for egual positive and ]
_negative reading near full-scaie) ) ] ]
Linearity {Max. deviation from Full-Scale = 200mv -1 =0.02 +1 Counts
" best straight line fit) or Full-Scale = 2.000V -
Common:Mode Rejection Ratio Vo = * 1_\':',_ Vin=0V 30 AR
(Note il o Full-Scale =200.0mV -
Noise (Pk-Pk value not exceeded "Vin =0V, Full-Scale =200.0mY 15 Y
95% of time)
Leakage Current @ Input Vin=0V ) 1 10 pA v
Zero Reading Drift Vig=0V,0°C< Ty < + 70°C 0.2 B uVI°’c
Scale Factor Temperature Vin =199.0mV, 0°C< Ty < +70°C 1 5 ppmicC
.Coefficient {Ext. Ref. Oppm{°C} -
v* Supply Current {Dces not V) =0V {Note 5) 70 200
include LED currentj . CuA
V™ Supply Current ‘40 .
Analog COMMON Voltage (With 260k between Common and 28 3.0 32 vV
respect Lo pesitive supply} Positive Supply
Temp. Coeff. of Analog COMMON | 250k betwsen Comman and 80 ppm/°C
(With respect to positive supply) Positive Suppiy
‘Segment Sinking Gurrent V' =50v 5 8.0
(Except Fin'19) Segment Voltage = 3V ma
{Pin 19 cnly) 10 16 ‘
Power Disgipation Gapacitance vs Clock Frequency 40 pF

Note 3: Unless otherwise noted, specitications apply at Ta =25°C, feinek = 16kHz and are tested in the circuit of Figure 1,

Note 4: Refer to “Differential Input” discussion,

Note 5: 48kHz oscillator, Figure 2, increases currenbby 35,uA {typh

MNote 6: Extra capacitance of CERDIP package changes oscillator resistor value to 470kS or 150k (1 reading/sec or 8 readings/sach,
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ICL7137
TEST CIRCUITS

INTERSIL 4CLT137

.
n'u']ila'-:é.:as-‘

DISPLAY

TIEEHEE

Figure 1. 7137 Clock Frequency 16kHz {1 reading/sec)

DETAILED DESCRIPTION—Analog Section
CONVERSION CYCLE

Figure 3 shows the Block Diagram of the Analog Section for
the ICLT137. Each measurement cycle is divided into four
phases. They are 1) auto-zere {A-Z), 2) signal integrate (INT),
3) de-integrate (DE} and 4} zero integrator (Z1).

1. Auto-Zero Phase

During auto-zere three things happen. First, input high
and low are disconnected from the pins and internally
shorted to analog COMMON. Second, the reference capac-
itor is charged {o the reference voltage. Third, a feedback
loop is closed around the system to charge the auto-zero
capacitor, Caz, to compensate for offset voltages in the
Buffer amplifier, integrator, and comparator. Since the
comparator is included in the loop, the A-Z accuracy is
limited only by the noise of the systemn. In.any case, the offset
referred to the input is, less than 104V,

2. Signal Integraie Phase

During signal integrate, the auto-zero loop-is opened, the in-
ternal shott is removed and the internal input high and low

CRer* I REFHI REFLO 1

EINTERSIIL

INTERSIL ICL743T

o Jo

DISPLAY

Figure 2. Clock Frequency 4BkHz (3 readingsisec)

are connected 1o the external pins. Thé converterthen inte-
grates the differential voltage between IN Hland IN LO fora
fixed time. This differential voltage c¢an be within a wide
commen-mode range; within 1V of either supply. If, on the
cther hand, the input signal has no return with respect to
the converter power supply, IN LG can be tied to analog
COMMON to establish the correct common-mode voltage. At
the end of this phase, the polarity of the integrated signal is
determined.

3. De-Integrate Phase

The next phase is de-integrate, or reference integrate. Input
low is internally connected to analog COMMON and input
high is connected across the previously charged referénce
capacitor. Circuitry within the chip énsures that the capacitor
will be connected with the correct polarity to cause the inte-
grator output to return te zero. The time required for the out-
put to return to zero is proportional te the input signal.
Specifically, the digital reading displayed is 1000 {Vy/Vagr).

Rln'f
AUTO
2EAD

INTEGFI,ATDR

ZERD
yssinG [

6.2v DETECTOR|* | 1\
GOMPARATOR DIGITAL
= SECTION
POLARITY

FLIF/FLOP

Figure 3. Analog Section of 7137
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4. Zero Integrator Phase

The final phase is zero integrator. First, input low is shorted
to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Finally, a feedback locp is
closed around the system to input high fo cause the inte-
grator output to return te zera: Under normal conditions, this
phase lasts for between 11 to 140 clock pulses, but after a
“heavy" overrange conversion, it is extended to 740 clock
pulses.

DIFFERENTIAL INPUT

The input can accept diffarential voltages anywherg within

the commeon-mode range of the input amplitier; or specifical-
ly from 0.5V below the positive supply to 1.0V above the nega-

tive supply.’In this range the system has a CMRR of 90dB

typical. However, since the integrator alse swings with the
commonr-mode veltage, care must be exercised 1o assure the
integrator cutput does not saturate. A worst case condition
would be a large positive common-mode voltage with a near
full-scale negative differential input voltage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common-mode voli-
age. For these critical applications the integrator swing can
bereducedto less than the recommended 2V fuil-scale swing
with little loss of accuracy. The integrator output can swing
within 0.3V of either supply without loss of linearity.

DIFFERENTIAL REFERENCE

The reference veltage can be generated anywhers within the
power supply voltage of the converter. The main source of
comman-mode error is a roli-over voltage caused by the refer-
ence capacitance losing or gaining ¢charge to stray capacity
on its nodes. If there is a large commeon-mode voltage, the
reference capacitor,.can gain charge (increase veltage) when
called up to de-integrate a positive signal but lose charge
(decrease voltage) when called upto de-integrate a-negative
input signal. This difference in réference for {(+) or {—) input
voltage will give a roll-over efrar. However, by selecting the
reference capacitor large enough in comparison to the stray
capacitance, this error can be held to less than 0.5 count for
the worst case condition (see Component Value Selection).

ANALOG COMMON

This pin is included primarily to set the commen-mode
voltage for battery eperation or for any system where the in-
put signals are floating with respect to the power supply. The
COMMON pin sets a voltage that.is approximately 3.0V more
negative than the positive supply. This is selected to give a
minimum end-of-life battery voltage of about 8V. However,
analog COMMON has some of the attributes of a reference
voltage. When the total supply voltage is large enough tc
cause the zener toregulate {>7V), the COMMON voltagewill
have a low voitage coefficient (0.001%/%), low output im-
pedance (= 350), and a temperature coefficient typically less
than 80ppm/{°C.

The limitations of the on-chip reference should aiso be
recognized, however. The reférence temperature coefficient
(TC) can cause some degradation in performance. Tempera-
ture changes of 2°C to 8°C, typical for instruments, can givea
scale factor error of a count or more. Also, the GOMMON
voltage wiil.have a poor voliage coefficient when the total
supply voltage is less than that which will cause the zener to
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regulate (< 7V}. These proklems are eliminated if an external
reference is used, as shownin Figure 4,

v v+
Viaerl vr g
HI <
BAVOLT - 1CLTH37 12vOLT
REFLO = ZENER REFERENCE
- {INTERSIL
e iz REF IS A ICLB0BS)
l REF LO
COMMON
.
(a) (b)

Figure 4. Using an External Reference

Analég COMMON is alse used as the input low return during
auto-zero and de-integrate. If IN LO is different from analog
COMMON, a scommon-modes voltage existsin the system and
is taken care of by the excellent CMRR cf the converter.
However, in some applications IN LO will be set at a fixed
known veoltage {power supply common for instance). In this
application, analog COMMON should be tied to the same
point, thus rémoving the common-mode voltage from the
converter, The same holds true for thé reference voltage.
If the reference can be conveniently referred to analog
COMMON, it should be since this removes the commoen-
modé voltage from the reference system.

Within the iC, analog COMMON is tied to an N channel FET
which can sink 100pA or mere of current to hold the voltage
3.0V below the positive supply (when a load is trying 10 pull
the common line positive), However, there is only 1uA of
source current, so COMMON may easily be tied 1o a more
negative voltage, thus overriding the internal reference.

TEST

The TEST pin is coupled to the internal digital supply through
a 5001 resistor, and functions as a “lamp test' When TEST s
pulled high (to V*+) all segments wiil be turned on and the
display should read —1888. The TEST pin will sink about
10mA under these conditions.

DETAILED DESCRIPTION—Digital Section .

Figure 5 shows the digitai section for the 7137. The segments
are driven at 8mA, suitable for instrument sizé common
anode LED displays. Since the 1000 cutput (pin 19) must sink
current from two LED segments, it has twice the drive
capability or 16 mA. The polarity indicatien Is “ON™ for
negative'analog inputs. If IN LO and IN Rl are reversed, this
indication can bé reversed also, if desired.

Figure 6 shows a methed of increasing the output drive cur-
rent, using four DM7407 Hex Buffers. Each buffer is capahle
of ssnkmg 40mA,

. SYSTEM TIMING

Figure 7 shows the clock oscillator provided in the 7137,
Three basic clocking arrangements can be used:

1. An-external oscillator connected to pin 40. -
2. A crystal between pins 39 and 40,
3. An RC osclllator using all three pins.
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Figure 6. Display Buffering for Increased Drive Current,

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the four
convert-cycle phases. These are signal intégrate (1000
counts), réference de-integrate (3 counts to 2000 counts),
zero integrator (11 counis to 140 counts®) and autc-zero
{810 counts to 2900 counts). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate
and zero integrator. This makes a complete measure cycie of
4000 {16,000 clock pulses) independent of input voltage. For
three readings/second, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal in-
tegrate cycle should be a multiple of the 80HzZ period.
Oscillator frequencies of 60kHz; 48kHz, 40kHz, 33Va kHz, etc.

*After an overranged conversion of more than 2060 counts, the
zero integrator phase will last 740 counts, and autozere will [ast
280 counts, ’

GROUND

OSCILLATOR
AC NETWORK |

Figure 7. Clock Circuits

should be selecied. For 50Hz rejection, oscillator frequen-
cies of 6624kHz, 50kHz, 40kHz, etc. would be suitable. Note
that 40kHz (2.5 readings/second) will réject both BOHz and
B0Hz {also 400Hz and 440Hz). See also AQSZ.

COMPONENT VALUE SELECTION (See also A052)

integrating Resistor

Both the buffer amplifier and the integrator have a class A
sutput stage with 6.4 of quiescent current, Thay tan Supply
~1pA of drive cufrent with negligible non-linearity. The in-
tegrating resistor should be large enough to remain in this
very linear regibn over the input voltage range, but small
enough that undue leakage requiteéments are not placed on
the PG board. For 2V full-scale, 1.8MQ is near optimum, and
similatly 180kt for a 200.0mV scale.
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Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3V from eithar
supply). When the analog COMMON is used as a reference, a
nominal =2V full-scale integrator swing is fine. For three
readingsisecond {48kHz clock) nominal.values for Cyyr

are 0.0474F, for 1 reading/second (16kHz) C.16uF. Of course, if

different oscillator frequencies are used, these values should
be changed in inversé proportion to maintain the same
ouiput swing. ,

The integrating capacitor should have low dielectric absorp-
tion to prevent roll-over errors. While other types may be ade-
quate for this application, palypropylene capacitors give
undetectable errors at reasonable cost.

Auto-Ze}o Caﬁacitor

Thesize of the auto-zero capacitor hag some inflyence onthe
noise of the system. For 200mV full-scale where noise is very
important, a 0.47xF capacitor is recommended. The Z| phase
allows alarge auto-zero capacitorto be used without causing
the hysteresis or overrange hangover problems that can oc-
cur with the ICL7107 or ICLT117 (see AD32).

Reference Capacitor

A 0.1zF capacitar gives good results in most applications.
However, where alarge common-mode voltage exists {i.e., the
REF LQ pin is not at analog COMMON) and a 200mY scale is

used, a larger value is required to -prevent roll-over .error.,

Generally, 1.0xF will hold the roli-over error t0 0.5 count in this
instance,

Oscillator Components

For all ranges of frequency a 50pF capacitar Is recommended
and the resistor is selected from the approximate equation
f~0.45/RC. For 48kHz clock (3 readings/second), R =180k,
while for 168kHz.{(1 reading/sec), R = 580kQ. '

Reference Voltage

The analog input required to generate full-secale output (2000
counts) is: Vy=2Vper. Thus, for the 200.0mV and 2.000V
scale, Vger should equal 100.0mVY and 1.000V, respectively.
However, in many applications where the A/D is connectad to
a transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For in-
stance, in a weighing system, the cesigner might like to have
a fuli-scale reading when the voltage from the transducer is
0.682V. Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and select
Vaer=0.341V. A suitabie value for the integrating resister
would be 330k, This makes the system slightiy quieter and
also avoids.the necessity of a divider network on the input.
Another advantage of this system occurs when a digital
reading of zero is desired for V) y#0. Temperature
and weighing systems with a variable tare are examples. This
offset reading can be convenienily generated by con-
necting the voltage transducer between IN M1 and COMMON

. and the variable.{or fixed) offset voltage between COMMON
and IN LO.
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TYPICAL APPLICATIONS ‘

The 7137 may be used in a wide variety of configurations. The
circuits which follow show some of the possibilities, and
serve to illustrate .the excepticnal wversatility of these
A/D converters. '

pscz2
QsC3
TEST
REF HI
AEF-LO

€ REF

¢ REF
COMMON
N HI
INLO

Topin1

1B0KS
Set Vrel = 100.0mV

ILILALIL I8

S0pF ”

e p.1,H] 10kt 220k0

L *
18Dk
————IE

0047 4F

}T.O DISPLAY

- w

Figure 8. 7137 Using the internal Reference. Values shown are for
200.0mV full-5cale, 3 readings/sec. IN LO may be tied to either
COMMON for inputs floating with respect to supplies, or GND for
single ended inputs. {See discussion under Analog COMMON.)

1ML}
EXTIAAA IN

- ——

s UL

—_— To pin 1

g:g; 5 " Essmxn

086 2 f 1 | Sel}ml 100.0my
TesT ] PP nen

REF-HI | 00kp 27k

AEF Lo [ vt
C REF :»-—_._u H

. REF [ J— T2V (CLED6)

. "CaMMON [3 M .

= - AAA———D
o = 0.01,F IN

DATLE

AZ TE0KE

BUFF
INT
v

© G
C3

Az

G3
GND

TL%

0.15uF

}TO DISPLAY

Figure9. 7137 with an External Band-Gap Reference (1.2V Type). IN
LO is tied to COMMON, thus establishing the correct common-
made voltage. COMMON acts as a pre-regulator for the reference.
Values shown are for 1 reading/sec. ’
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—p—e 40

- g:s; TBOK?
st 3 [—o| Se!)'rel = 1.000v
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CREF[—a . o 250k 230kt
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JNT 55 .
v g v
Gz [
< | 2
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Aa 3
G
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Figureé 10.-Recommended Component Values fer 2.000V Full-
Scale, 3 Readings/Sec. For 1 reading/sec, ¢changé Ciyt, Rosc to
vaiues of Figure 9. - -
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TYPICAL APPLICATIONS (Centinued)

Toph 1 : ' Topn
e 40
k os¢ 3] + 7 osen o
= - [ Set Vral = 100.0mY ] =——ii Sel Yrol = 100.0my
TEST S0pF ; TEST [ “SUpF /
REF Wi [7] REF HI [}
REF LO :——«/\Zl-y&—-@w net Lo [ : +5Y
€ AEF [ 1= 10k M0 BV C REF [ Jrommmy
& AEF [— T O WE . & Rep [— T T.2¥ (ICLENES)
common [ 1M N COMMON [} ML N
III:‘LHDI = == 0.01F IN . I:‘L":._: = - == 0.044F IN
= 0.47aF = = wF
2z —"H az [ F—
BUFF —f\/\:Em"“ :E BUFF :—/\/\Emk"I
wy o———+ < Nt ———d
v sv v = -
G2 &[]
= =y
A TO DISELAY As : TO RISPLAY
s ] . as 1
[T ov GND [T ov
2 =1
Figure 11. 7137 with Zener Diode Reference. Since low TC zeners Figure 12. 7137 Operated from Single +5V Supply.;An external
have breakdown veltages ~ 6.8V, dicde must be placed across the reference must be used in this application, since the voltage
total supply (10V). As in the case of Figure 9, IN. LO may be tied to | between V¥ and v ™ is insufficient for correct operation of the in-
COMMON. ' ternal reference.
v
To pin 1 g
B 40
~ osci o -
psc 2| ] .
osc 3]
TEST [ 50pF
REF HI
REF LO

i

0.47uF
— L

ANt
* .
}-ro DISPLAY
Figure 13. Measuring Ratiometric Values of Quad Load Geli. The

‘resistor values within the bridge are determined by the desired
sensitivity.
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VzERD ViN Lo w—t ot . = BUFF []
v ) o 13 L4 ]
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Figure 14. Basic Digital Thermometer. Both the IGLBGT3 (°C) and = =
ICL80T4 {°F) contain ail necessary offset and reference (scale- Figure 15. Circuit for déveloping Uhderrange and Overrange
factor) voltages to allow a direct-reading thermometer 10 bg con- signals from outputs. The LM339 is required to ensuré logic coni-
structed without the need for external adjustments.-Gomponent patibility with heavy display loading: .
valugs for 200mV full-scale should be used with the ICLBO73, and
{ideally) 170mV full-scale for the 1CL8074. *values depend on clock frequency. See Figures 8, 9 and 10.
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TYPICAL APPLICATIONS (Continueg)

. Tu‘;in1 | Scala {actor adjust
———— ) {irel = 100mV lor AC to RMS)
0sc1 o =10uF
oS 2
osc3——
restfy  5PF
REF HITDY
REFLO[] vd
© REF [y | 10K 220k
cREF [ 3—T
COMMON []
MR
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oAy
B\Ti F AAABE L == 10uF
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- il
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Figure-16. AC to DC Converter with 7137

APPLICATION NOTES

AD16“Selecting A/D Converters) by David Fullagar.

~ AD17*The Integrating A/D-Coenverier,’ by Lee Evans.

A8 “Do's and Dont's of Applying A/D Converters,' by Peter
Bradshaw and Skip Osgood.

AD19441%-Digit Panel Meter Demonstrator/instrumentation
Boards]’ by Michael Dufort.

A023"Low Cost Digital Panel Meter Designs;’ by David
Fullagar and Michael Dufort.

A032"Understanding the Autd-Zero and Gommon-Maode
Behavior of the ICL7106/7/9 Family]' by Peter Bradshaw.

AD46“'Building a Battery-Operated Auto Ranging DVM. with
the ICL7108;" by Larry Goff.

ADB47“Games People Play with Intersil’s A/D Converters]
edited by Peter Bradshaw. .

A052*Tips for Using Single-Chip 3v2-Digit A/D Converters;
by Dan Watson,

. The kit conmtains a circuit

7137 EVALUATION KITS

After purchasing a sample of the 7137, the majority of users
will want 1o build a simple voltmeter. The parts can then be
evaluated against the data sheet specifications, and tried
out in the intended application. :

To facilitate evaluation of this
unigue circuit, Intersil is- of-
fering a kit which contains all
the nécessary components 10
buiid a 3%-digit panel meter.
With. the ICLT137EVIKit, an
engineer or technician can
have the system “up and run-
ning" in about half an hour

board, LED display, passive
components, and miscella-
neous hardware. S
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FEATURES

16-bit resolution

High linearity=0.003% FSR’

Microprocessor compatible with buffered inputs
Bipolar application requires no-external resistors
Qutput current settling time 3xs max (1.0us typ)
Low linearity and gain temperature coefficients
(1ppmi°C typ)

* Low power dissipation

Full four-quadrant multiplication

Full temperature range operation

ICL7145

GENERAL DESCRIPTION

The ICL7145 ¢ombines a four-quadrant multiplying DAC us-
ing thin film resistofs and CMOS circuitry with an on-chip
PROM-controlled correction circuit 1o achieve 0.003%
linearity without taser trifiming.

Microprocessor bus ‘interfacing - is eased by standard
memary WRite cycle timing and control signal use. The input
buffer registér is lpaded with the 18-bit-input, and directly
contrels the output switches. The register is transparent if
WR and CS are held low.

The ICLT145 is designed and programmed for bipolar opera-
tion. There Is an offset resistor to.the output with a reference
Input which should be connectedto ~ Vper, giving the CAC a
irue 2's complement input transfer function. Two extra
resistors to facilitate the reference’inversion are included-on
the chip,.so that-only an external op amp is needed.

OI_RDEB-ING IN‘FORMATTON' . . PIN CONFIGURATION (outiine dwg d1}
) . TEMPERATURE RANGE |
NON-LINEARITY e c AL :
} NO LI ) R 0°CTO +70°C =25°C 7O +B5°C v,
0.006% IGL7145JGJ! \CL7145J1)1 wse oo (1] 28] WA
0.003% ICLT145KCd) ICL7145KM) o 2] LS
Package: 28-pin CERDIP only D2 [3] 26 v+
D3 E @ louT
CHIP TOPOGRAPHY 0: (5 28 aanoe
D11 . Dip DgDa DrDs Ps Dy . Ds E @ AGNDE
s 'I"'—‘ b os [7] ICLT145 |22] beND
’ 3
i ! — - 18 D2 o7 8] [21] Rea
&’ B 0145k De E . E’I Rors
Drz j Do {3683 mm 03 [0 8] A
D1z (Wi
Dia [AF, ; = |l | Die 'EI (18] vaer
D15 [W)5 | & WR ber [
PROG L 3 i 49 17} PROG
Kz —,—]—‘4" GNDA il v+ D1z [13] [16] D15 (MSB}
Rinv | RFe. A ¥ louT i} 15l D
VAEF RoFs DGND AGNDs 8 m j "
_ 0197 In
] {5.004} mm ;
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ABSO‘LUTE MAXIMUM RATINGS (Note 1) - .-
Supply VoltageV* toDGND. ... .. I - 0.3Vio 7.5V Storage Temperature. ..o e v oen s -65°Cto +150°C

Vrer Rors: Rinv, Regte DGND oo v e e +25V Power Dissipation(Note2) ............oovuns .. . 500mwW
Currentin AGNDg, AGNDg. . ....... e ... 25mA derate above 70°C@ 10mW/°C
Dy, WH, T8, PROG, loyr . Lead Temperature (soldering, 10seconds} .......... 300°C
AGNDE, AGNDg ... iveevnnns . o—03VioVT +0.3V ‘
Operating Temperature . Nete 1: Al voltages with respect to DGND.
ICLTAAEC L et 0°Cte +70?‘C Note 2: Assurnéi éIL leads Azoldered or welded to printed cirouit
IGLTH45] o\ evrreeanesnnnnnees.. —25°Ct0 +85°C board.

Stresses above those listed under “Abgolute Maximum Ratings" may cause permanent damage to the device. Theseare stressra ringé only
and functicnal operation of the device at these or any other conditions above those indicated in the operational sections of the specifica

tons is not implied. Exposure to absolule maximum rating. conditions for extended periods may.affect device reliability.

DC ELECTRICAL CHARACTERISTICS v* = +35V, Vagr = + 5V, Ta = +25°C unless otherwise specified.

PARAMEI’ER SYMBOL ' CONDITIONS Ll UNIT
MIN TYP MAX
Resolution ’ 18 - Bits
Non-Linearity . i (Notes 3 and ¢ ' S gggz % FSA
Differential Non-Linearity . B {Notes 3 and 4} . 0.003 | % FSR
Non-Linearity Temperature Coefficient | | Operating Temperature Range - | 1 ppmf°C
Ggin Errar i _ : (Notes 3 anc 4) - : gi‘; % FSR .
Gain Error Temperature Coefficient ] ' Operating Temperature Range 1 ' ) ppmi°C
Zero Qutput Offset Vs Ta= + ‘25"0 10 v
) | Cperating Temperature Range ) 10
Pewer Supply Rejecticn Ratio 1 PSRR Ta= +25°C, VT =5V =10% 1 1 20 ppmiV
Output Current Setiling Time- 1 1 3 ud
Reference Input Resistance C e Vagr 3 8 kel
Output Gapacitance - ' N =All 0s 110 oF
o DN =All1s 260 .
Quiput Noisg ) Eguivalent Johnson Resistance . 7 K
Low St__a*;e Inpu't_ . Vin Cperating Temperature Range ' 0.8 v
High Statelnput | Ving Operating Temperature Range 24
Logie Input Current [N 0=vnsvt -1.0 ) 10 | pAL
Logic Input Gapagitance G [ ] 15 pF
Supply Voltage Range yt Functional Operation B 4.5 N 55 5 v
Supply Current - it Excluding Ladder ) 0.5 12 mA
Note 3: Fuil-Scale Range(FSR) 1510V (=5V).
Noted: Using interhal feedback and reference inverting resistors.
AC ELECTRICAL CHARACTERISTICS v* = +5V, Ty = +25°C, sse Timing Diagram.
PARAMETER | B SYMBOL CONDITIONS MIN TYP o MAX UNIT
Thip SelectWhite Set-Up Time | tows _ ] . 0 o
Ehip Select-WRite Hold Time I town : | | o
Write Puise Width Low : WE . _ 0 | na
bataWHite Set-Up Time: . tows : 1 _ 200
.DztaWhite Hold Time  town _ o
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Timing Diagram :

—— W

{ows

Dn &
DATA,

DATA VALID, STABLE

Table 1. Pin Assignment and Function Deseription

PFIN[ NAME| DESCRIPTION
1 | Dy Bit0 Lea_siélg_mffaﬂt Bit ]
2 | Dy Bit 1
3 | Dy Bit2
4 | Dy Bit 3
.5 | D Bit 4
6 | Dg Bit 5
7 | Da Bit & Input
8 | O Bit7 Data
9 | DBs Bit8 - Bits

10 | Bg _Bitg {High = True)

11 | Do Bit 10

12 | by Bit 11

13 | Dy Bit 12

14 | Dya Bit 13

15 | Dyy Bit14 |\ ___

16 | Dys Bit 15 Maost Bignificant Bit

17 | PROG Used for programming only. Tie to +5V
for normal operation.

| 1B | Vaer Vger input to ladder.

19" | Ry Summing node for inverting ampiifier.

20 ‘| Rors Bipolar otfset resistor, to — Vegr. +

21 | Reg Feedback resistor for voltage output
applications.

22 | DGND Digital GrouND return,

23 | AGNDr | Analog GrouND force line. Use to carry
current from internal Analog GrouND
connections. Tiedlinternally to AGNDs.

24 | AGNDs | Analog GrouND sense line. Reference
peint for external circuitry. Pin should
carry minimal current. Tied internally to

, AGNDE.

25 | loyt Current output pin.

26 | v+ Positive supply voltage.

27 | CS Thip Select (active low). Enables writing
10 register.

28 | WR WRite (active low}. Writés into regists?.
Equivalent to CS. | _

- DEFINITION OF TERMS

NON-LINEARITY: Error contributed by deviation of the DAC
transfer function from a best straight line function. Normally
expressed as a percentage of full-5cale range. Fora multiply-

" ing DAG, this shouid hold true over the entire Vgrrange.
" RESQLUTION: Value of the LSB. For example, a unipolarcon-

verter with n bits has a resolution of (2‘”) (VHEF} A bipolar
converter of n bits has a resolution of [2 =" [Vaepl.Resolu-
tion in no way implies linearity.

SETTLING TIME: Time required for the dutput function of the
DAC to settie to within 1/2 LSB for a given digital input
stimulus, i.e., 0.tc full-scale.

GAIN: Ratio of the DAC’s ope}-ational ampiifier output voli-
age to the nominal input voltage vaiue.

DETAILED DESCRIPTION

The ICL7145 consists of a 16 blt primary DAC, PROM
conirolied carrection DACs, the input buffer registers, and
“the microprocessor interface logic. The 18-bit primary DAC is
.an R-2R thin flim resistor ladder with N-channel MOS SPDT
current steering switches. Precise balanging of the switch
resistances, and all other resistors in the ladder, results in ex-
cellent temperature stability.

The high linearity is achieved by programming a floating
polysilicon gate PROM array which controls the correction
DAC. The most significant bits of the DAC register address
the PROM array, whose outputs control a 12-bit linearity cor-
réction DAC. Thus for every combination of the primary
DAC's most significant bits a different C-DAC code is
_selected, allowing carrection of superposition errors caused
by bit interaction cn the primary ladder’'s current bus and by
voltage nan-linearity in the feedback-resistor. Superpesition
errors cannot be corrected by any method that corrects in-
dividual bits only, such as laser trimming. Since the PROM
programming occurs in packaged form, it corrects for
resistor shifts caused by the thermal stresses of packaging,.
unlike waferlevel trimming methods. Since the thin film
resistors do not suffer laser trimming stresses, no degrada-
tion of time-stability results.

Also controiled by the onboard PROM,. the &-bit G-DAC
teduces gaif erfor to less than 0.02% FSR by diverting to
analeg ground up to 2%: of the current flowing in Reg.
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Figure 1. ICL7145 Functiondl Diagram

APPLICATIONS

Bipolar Operation

The circuit configuration for the normal bipolar mode opera-
tion of the ICL7145 is shown in Figure 2. The 2°s complement
input and positive and negative reference voltage values
allow full four-guadrant multiplication. Amplifier A, together
with the internal resistors Ryyyq and Rpnys, forms a simple
voliage inverter circuit to generate — Ve for the Rppg of fset
input pin. This will give the nominal "‘digital input codelana-
log output value™ relationship of Table 2.

Table 2. Code Table—Bipoiar Operation

. DIGITALINPUT ] ANALOG OUTPUT
01114111 1111111 1] —vVeege(1—12"%)
0000000000000000 1| —Vaeei1/2%
0O0O000DOC0ODOCOCOO0O0]| D
11111111111 11111]| Vege (2™
100000000000000 1| Vagr{l—12%
100000000000000D0| Vagr

Amplifier Ay is the output amplifier. An additional amplifier Az
may be used to force AGNDE if the ground reference point is
established elsewhere-than at the DAC, as in Figure 3.

A feedback compensation capacitor, Gy, improves the set-
tling time by reducing ringing. This capacitor is normalty in
the 10pF-40pF range, depending on layout and the output
amplifier selected. If Cg is too small, ringing or oscillation
can oceur when using anop amp with a high gain-bandwidth.
If Gg is too large, the response of the output amplitier will be
overdamped and will settle slowly, Figure 6 shows the effect
of CF'

The input circuits of some high speed op amps will sink iarge
currents to their negative supply during power up and power
down. The Schottky diode at lgyr limits any negative going
transients to less than - 0.4V, avoiding the SCR latch-up
which could result if significant current was injected into the
parasitic diode between lgyr and V¥V~ of the ICL7145. This
diode is not needed when using the ICLY650 ultra low Vgg op
amp.

Offset Adjustment

1. Connect all data inputs and WR and- TS to DGND.

2. Adjust the offset zero-adjust of the operational.amplifier
Ay, if used, for < £50zV at AGNDg,

3. Set data to 0000....000 (all low). Adjust the offset zero-
adjust of output operational amplifier A for < =50V at
lour- Vout will be offset from OV by the bipelar zero error of
= 10mV.

The bipolar zero error'may be trimmed out by adjusting the

" offset of A, The bipolar zero error can be as large as 10mV,

but has a typical tempco of enly 10V/°C.

Gain Adjustment .

In many systems, gain adjustment will not be needed since’
the gain of the ICL7145 is accurate to within 0.02% FSR.
When system gain must be adjusted, the iow gain error limits
the required adjustment range to only slightly more than the
initial accuracy error of the reference. This Is desirable since
external gain trims degrade the gain temperature coefficient
of a monolithic DAC. This degradation in the gain tempco
comes about because, although the internal resistors track
each other closely, they have & temperature coefficient of
resistance of approximately — 250ppm/°C,
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Figure 3. Operation with Forced Ground
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ICL7145

To increase Voyr, connact a series resistor of 200Q or less
between the A;'output and the Rep terminal (pin 21). To
decréase Vgur, connect aresistor of 1000 orless betweenthe
reference voltage and the Vper terminal {pin 18). These
resistor valués result in a minimum of 1% FSR gain trim and
add about 3ppmi°G gain terpco, 1 only a small gain trim
range is needed, the resistor values should be reduced in
order to preserve the excellent 1ppm/°C gain tempco.

Digital Intertace

The 1ICL7145 has a 16-bit latch-onboard and can intérface
directly to a 16-bit data bus. Use external latches or periph-
eral ICs to interface to an B-bit data bus, as-shown in Figure 4.
To ensure that the data is written into the onboard latch, the
data must be valid 200ns before the rising edge of WR. The
onboard latch is transparent, meaning that if WK and CS are

tied low, the input data is directly applied to the internal R-2R

BINTERSIL

ladder switches. While this simplifies interfacing in non-
microprocessor systerns it may cause addifional glitfches in
some ‘microprocessor systems. These small glitches will
occur if WR goes low before data isivalid. Data must be valid
at the time WR goes low to avoid these additional glitches.

All digitai. Interfages can suffer from capacitive couplmg Ye-
tween the digital lines and the analeg section. There are two
general precautions that will reduce the capacitive coupling
probiem: 1) reduce stray capagcitance between digital lines
and analog {ines; and 2} reduce the number of fransitions on
the digital inpuis. Careful board layout and shielding can
minimize the capacitive coupling {sée Figure S, PCB:layout).
The activity on.thie digital inputlines canbe reduced-by using
extarnal latchas or pefipheral interface ICs between the mi--
cropfoceasor bus ahd the. IGL7145, This will.reduce the
number of transitions on the digital data and control lines of
the ICL7145, and thereby reduce the amount of digital noise
coupled into the sensitive analog sections.

. | to . .
' 2 LINE TQ 4 LINE DECOBER: R
A o - ims _I
j = D wm
: -l e .
Al Ao I o .
WR : t. K o
- CHIP | . A
ADDRESS BUS . )| SELECT i — ke icLTis
- LoGIC | . ; .
o . -
BBIT . ; L
o
L - 1bs
.
8BIT DATABUS . . H
R B . D15
Figure 4. Interface to &-Bit Microprocessor
\
V- +
Vaer

L an I ’
-\__\; ard

Printed Circuit Side of Card (Single Sided Board)

Figure 5a. Prinied Circuit Board Layout
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Cperational Amplifier Selection

.

- The input'bffs'et voltage, input current, gain, and bandwidth
of the op amps used affect the circuit performance. Since the
output impedance.of lgyr varies with the digital input code,

: EINTERSIL

ICL7650 or ICL7652 can be used for Ay. Since the ICL7650/52

Aq's input current will cause a code-dependent error at Vour, -

degrading the linearity. The input bias current shouid be
significantly less than 1 LSB cutrent, which is about 10nA. in
a similar manner, any offset voltage in A, will also cause
linearity errors. The offsét voltage of the output amplifier
should be significantly less than 1 LSB, which is 153uV. -

The-valtage output settling time is highly dependent.on the
stew rate and gain-bandwidth of A4, so for high speed opera-
tion a high speed op amp such as the HA2600 is recommend-
ed. For applications where high speed is not required, the

offget voltage is less than 5uV, no offset trirmming is needed.
To geta full 5V swing, =7.5Y supplies shouid be used for the
1CL7850/52. Figuras 6 and 7 show typical performance.

Amplifier Az, Which is used tc generate the inverted
reference, needs anlyto have a stable offset and to be able to
drive a 3k Joad. Since this is strictly a DC amplifier, the low
neise ICL7652 is an ideat choice. Any variation in the offset
voltage of Az will result in a crift in the bipolar zero, but will .

not affect the linearity.of the ICL7145.

Amplifier Az, used to generate a high quahty ground, alse
needs a Iow affset and the ability to sink about 2mA.

2vIDIV
VOLTAGE
CUTPUT

- ! WR PULSE

BusiDIV

Figure 6. Voltage Output Settling with HA2525.5 Output Amplifier

Upper 50mV of a 10V Step

Figure 7. Voltage Cutput Settling with LF356 Output Amplifier
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Ground Loops -

Carefui consideration must be given to ground loops in any
high accuracy system. The current info-the analog ground
point inside the chip varies significantly with the input code
value, and the inevilable resistances between this point and
any external connection point can lead to significant voltage
drop errors. For this reasan, two separate leads are brought
out from this point on the IC, AGNDgand AGNDg. The varying
current should be absorbed through the AGNDg pin, and the
AGNDs pin will then accurately reflect the voltage on the in-
terna! current summing peint, as shown in Figure 8. Output
signals should ideally be referenced to the sensepin AGNDg,
as shown in the application circuits.
Multiplying ‘Mode Performance =~ - !
While the ICL7145 can perform full four-guadrant multiplica-
tion, full 0.003% linearity is guaranteed only at Vagr= +5V.
This is because the voltage coefficient of resistance of the
R-2R ladder and the feedback resistor are significant at the
14- or 16-bit level. This effect is most significant at higher
voltages, and adds érrors on the order of 0.01% for a =10V
full-scale, While the ICL7145 is tested and specified for
Vgee = + 5V, the R-2R iadder has the-same voltage across:it
when Vggg = ~5V. Therefore, voltage coefficients do not-add
any error with.a — 5V Vggr.

BINTERSIL
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FEATURES ‘
Low Impedance Voltage Qutpui -
Double-Buifered Processor Interface.
Easy-To-Use Bipolar Offset
Multiplying Capability
On-Chip Trimmed Reference

~ 7uSec Settling Time

No External Gain or Offset Adjustment
‘Required

Low Power Dlsslpatlon 50mW
B No Critical External Components

" ORDERING INFORMATION

@hlcums Complete

1 2 -Bit Processor

GENERAL DESC_FHPTION

The ICL7146 is the first of a series of complete 12-Bit
CMOS DAC’s, These DAC's feature all of the needed
support ciréuitry to interface {o processors and give a
voltage output. Contained on the chip are two levels
of latches for double buffers, a trimmed reference, a
fatch controller, and an eutput buffer amplifier. All
devices are accurately trimmed for both gain and off-
set so that no external trimming is required.

CMOS circuitry is used to keep the power dissipation
low, and with all devices contained on a single chip,
significant board. size reductions are possibie. As an
alternative to this, many mereanalog channels could
be added to a board and still decrease power con-

] Temperature sumption. Intersil’s patented autostabilized op amp
Part Number | Linearity Range Package construction eliminates drifts in the zero offset and
ICL7146LCH 0to +70°C provides a fast (7 usec) settling time. i
0.01% -
1CL7146LII " |-40°Cto +85°C _
1CLT146KCI 0.02% Oto +70°C CERDIIs Processor interface is double-buffered with all 12-bits
IGL7146K1J1 T ITa0°C to +85°C being brought out. The first level of latches is divided
ICLT1261G01 Oto +70°C into 4 and 8 bit bytes with a 12 bit wide second buffer.
0.05% " " Data can be directly entered into any of the three buf-
ICL71464 1] —40"C1to +85°C | fers or the buffers can be operated separately.
BLOCK DIAGRAM PIN CONFIGURATION
REF  REF
ouT IN Vi V- AGND ROS RosE 1 ZB:lRFn
I' I ] Are AEFour ] 2 27 IreFi
= Ars com ] 2 L ]WR
Cr Ceml]4 2s] Jace
Vgge  12BITMDAC  lours = vour vaur s al s
lout z + v+l: [ zf]a,
1 = CEXTA v-07 =[1=
I 2ENER 12.8IT DAC REG. aguol ] 8 213,
REF. CEXTS venol] e 2 Jo,
1 1 : -9 I B 18],
~af-ne) DGN D
pecooes [—w, SBIT | 8BIT LSB REG. : el st 18 Jos
1—. : s 12 17|JDa
Illl (MSE) Illllli 1(LSB) ool oo,
ALE TS5 A1 Di1 D8 D7 D5 D3 Di o, ]1a 15 :ln,
WR A0 D10 D8 DE D4 D2 DD .
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ZlINMERS
ICL7146 BINTERSIL
Absolute Maximum Ratings (Note 1) Streses above those listed under “Absolute Max-
imum Ratings” may cause permanent damage to the
REFING REB BOS v vvrvnrirnernnnnannn, + 25V device. These are stress ratings. only and functional
v+ 6.2V operation of the device at these or any other condi-
vy L PRt QIOV tions above those indicated in the operational sec-
""" TRrrermerarrerara s s TR tions of the specifications is not implied. Exposure to
REFouT, VouT, CexT, . absolute maximum rating conditions for extended
AGND +erververnennnne. VT —03VioVT 4+ 0.3V periods may affect device refiability.
Digital Inputs .. ........ VT 40.3VtoDgyp — 0.3V ) - 5
Storage Tempsrature Range.. . . .. —85°Cto +150°c  NNOTE 1: All Voltages with Respect to Danp
Operating Characteristics
V+ =5V, V= = =5V, Vg = 4.00V, Tp = 25°C, Ry = 20K, C_ = 50pF
! Limits
. Parameter Symbol Test Conditions Min. Typ. Max. Unit
Resolution 12 Bits
Non. Linearity J .05 % FSR
K .02 % FSR
_ L .01 | % FSR
Differential Linearity LSB
J +34 | x2
K ‘ . +1/2 +1
L Guaranteed Monotonic +1/2 +1
Gain Error ’ S 01 0.2 % FSR
Unipolar Zero Error _ 80 120 uV
Bipolar Zero Code Error Rrg Connected to Vout 0.025 005 | % FSR
Rgs Connected to
- VREF
Positive Power Supply V+ = 45 to 5.5V +0.001 | 0.005 | % FSR/
Rejection Ratio | External Reference | % V+
Negative Power Supply V~ = —45to —55V |0 [+0.001|% FSR/
Rejection Ratio External Reference ] % V+
Voltage Setting Time (Note 1) To 1/2 LSB ’ 7 10 S
Feedthrough Error VREr = 8V P-P, ) 1 mV P-P
‘ 10 KHz Sine Wave
Reference Input Reésistdnce -55°C to 125°C 5 10 20 KQ
Internal Reference Voltage —~404 1 —400 | =396 v
tnternal Reference Tempco 25 50 PPM of
FSR per
°C
Positive Supply Voltage Range |} V+ Functional Operation, | 4.5 5.0 55 \
Internal or External )
. Reference
Negative Supply Voltage V- " Functional Operation, —45 -50 | -7.5 v
Range : External Reference .
Functional Operation, -475 | ~5.0 —-7.5 v
Internal Reference
Output Voltage Range Reg connected to Vot . x4 v
Output Drive Current +2 mA
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Operating Characteristics (continued)
V4 = BV, V— = —BV, Vet = 400V, Ta = 25°C, R = 20K, G = 50pF
| Limits
Parameter Symbol Test Conditions Min. Typ. Max. Unit
Output Amp Bandwidth - 2 MHz
Slew Rate 2.5 Vius
Qutput Impedance @D.C. .02 Q
Reference Input Range For design use. +2.0 +10 v
{Note 2) Linearity Guar. @4.0V
Logic Low VINL 0.8 A
Logic High ViINH 24 v
Logic Input Current A
Logie Input Capacitance 8 pF
(Note 1) ,
Positive Supply Current Inputs = 0OV or 5V 40 | 50 mA
Negative Supply Current 4.0 5.0 mA
Power Dissipation Input Code = 5.0V 50 mw
V4 =50V, V- =—50V
Gain Error Tempco Internal Ref += 30 PPM of
External Ref -12 | FSR
| | "C
_ DIGITAL SWITCHING CHARACTERISTICS
Address WR Set-up Time TAWS ' 100 nsS
Address WR Hold Time TAWH nS
TS WR Set-up Time TCWS' nS
TS WR Hold Time TCWH 0 ns
“Write Pulse Width TWR 200 nS
Data Set-up Time | Tos 200 ' nS
Data Hold Time ' TDH 0 ns
ALE Pulse Width TLL 200 nS
Address-ALE Set-up Time TAL 60 nS
Address-ALE Hold Time TLA 40 . ns
‘CS-ALE Set-up Time TCL 30 , nS
TS:ALE Hold Time ' TLG 50 | ' nS
'WR Trailing Edge o ALE TWL 0 . nS

NOTE 1: Guaranteed hy design, not 100% tested in praduction.

NOTE 2: External Op Amp Required for Vg > 4.0V

DETAILED DESCRIPTION

The ICL7146 is a monolithic 12-bit processor compati-
ble CMOS DAC. it is a complete DAC containing a
DAC, a group of latches, a reference, digital control
circuitry and an op.amp.

A wide range of applications can be'implemented
with the ICL7146 laser trimmed 12-bit multiplying

DAGC. CMOS switches and low tempco thin film
resistors provide a stable output current proportional
to the input digital code. Two matched and trimmed
resistors are provided at the output for current to
voltage conversion and for offset generation in
bipolar operation. ‘

An on-chip precision auto-stabilized operational
amplifier is provided for current to voltage conver-
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TIMING DIAGRAMS AND TRUTH TABLES

BINTERSIL

Non-Multiplexed Bus

TIMING DIAGRAM

‘ 3& 7

TWH—Dl

[m—Tos—srjm—trf—Ton
Dp0g m-n.m\ VALID—W ; / /

TIMING FOR NQNMULTIPLEXED ADDRESS BUS

|~—T“w5———"—

DDRESS VAL Dy

TRUTH TABLE (ALE tied to V+)
CONTROL INPUTS

OPERATION

Al | AD |CS |[WR .

XX [ X |1 No Qperation Device Not

X | X 1 | X | Selected

0|00 |0 Load All Registers From

] Data Bus

011 1]0 |0 |LoadLSB Register From
Data Bus~

1 0|0 |0C Load M3B Register From
Data Bus™

1 1 0|0 Load DAC Register From
LSB & MSB Register

“Data islatched on low to high transition of WR or CS.

Multiplexed Bus

TIMING DIAGRAM

I-nT,\L -—Tu—hi pe—Tw |
A:?): e ADDRESS %DMA vm.lD-—-W
I‘QTnsbI“"TBH"’i

Tm.—v| ———-—I
--—ans—bl I——Tm

™ p T

TIMING FOR MULTIPLEXED ADDRESS BUS

sion. The auto zereing technigue utilized guarantees
extremely low offset and low gain drift over
temperature. Two inexpensive capacitors are re-
quired for the internal auto zero circuitry. Th op amp
has been left open loop for flexibility. The loop can be
closed by connecting Rgg and Ry, to VpyT for full
scale voltages less than %4 volts. An external
amplifier can be closed in the loop for applications re-
quiring larger output swing or current. An inexpen-
sive buffer amptifier with no special input
characteristics can he used without any system
degradation. No external offset trimming is required
due to the auto zeroing circuitry.

A zener reference that can be trimmed for both out-
put voltage and temperature drift is provided. This
reference is capable of driving an extra load of 2004A
above the current required for the DAC ladder. This
allows the reference to be used for other devices in
the system when required.

Latches on the ¢hip are set up in two levels, the first
level connects to the data bus and is internally ar-

TRUTH TABLE (ALE is latch control input; TS, AG &
A1 are latched outputs)

CONTROL INPUTS

— T OPERATION
A1 | AD [ GS |WR
X X | X 1 No QOperation Device Not
X | X[ 1] X | Selected
0| 0] 0] 0 | Load All Registers From
: Data Bus
0] 110 0 Load LSB Register From
| Data Bus
11 0] 0] O | Load MSB Register From
Data Bus
1 1 0 | © | Load DAC Register From
LSB & MSB Register

ranged as three groups of four latches each. The
decoding circuitry is designed so that the user may
address either the lower eight bits or the upper four
bits. This allows the user to hard wire the 4 MSB's
directly to the 4LSB’s for easy interface to eight bit
processors. Or the DAC can be wired directly to a 12
bit or targer daia bus. Following'the two input latches
is another tatch that is 12 bits wide. This makes the
ICL7146 double-buffered. By double buffering the in-
put of the DAC it is possible o interface the DAC to
an eight bit data bus and prevent the DAC from hav-
ing a major output glitch as the digital code'changes.
With a s:ngle level of latches, say a 4 bit latch and an
8 bit latch connected to an 8 bit data bus the follow-
ing would occur if an attempt was made to generate a
ramp. As the input code was incremented from
000REX to OFFHEX an even stair case output would
occur. But to change the code to 1004gx the pro-
cessor would either have to change to code to 000
and then to 100, or first to 1FF and then to 100. In the
first case the output would go to zero for a full pro-
cessor cycle. And in the secorid case it would double
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Buffer control is handled by a decoder to ease pro-
cessor interface requirements. Operation of the
decoder is shown in the truth table.

ICL7146

its output value. Neither of these conditions are ac-
ceptable in a wide variety of applications. Hence the
need for double buffering.

TYPICAL APPLICATIONS
Bipoiar Output '
Otfset Binary Code Table

TYPICAL APPLICATIONS
Unipolar Qutput
Code Table

Binary Number In
DAC Register
MSB _ LsB

Analog Output, Vgyr

Binary Number In

DAC Register Analog Output, Vot

1111 1111 1111 +VHEF(2047

048
1000 0000 0001 +Veer (__)
2048

1000 0000 0000 ov
1M1 7 1111 -V J_)
0111 1111 REF(2D48
‘0000 0000 0000 -V 2048
REZ 2cag,

MSB LSB
1111 1111 1111 —VHEF(4095
4006
o0 - 2048
1000 000D ooo(? VHEF( 096)_ 12 Vagr
0000 0000 0001 |_Vper
4095

0000 9000 0001 ov

+ 4V BIPOLAR QUTPUT:

AaNp Dewn

[T soursos
VRer UNTY | ¥+ Ceae V= Cxra

= -av

NOTE 1: Al should be seiected or trimmed for low
offset voltage; R1 & R2 are 10KQ resistors
trimmed to a matéhing of 0.1% or better.

=10V BIPCLAR OUTPUT:

avo  Dgnn

ICL7146

Lovoume
OUTPUT

NOTE 1: A1 should be selected or trimmed for low
offset voltage; R1 & R2 are 10K résistors
trimmed to a matching of 0.1% or better.

NOTE 2: A2 needs not to have alow offset voltage but it
must be fast (>8MHz) 10 insure stability.

+ 4V UNIPOLAR OUTPUT:

{EXT} Ros Agnp Dgno
FEFy

1CL7146
- 4V |REFGur Your,
[INT)

YOLTAGE
CUTPUT

+
Vaer .
- ¥+ Cexra V-~ Cexra

=AY

+ 10V UNIPOLAR OUTPUT:

gYSLTecE
QUTPUT

NOTE 1: A2 needs not to have a low offset voltage but it
must be fast (>8MHz) to insuré stability.
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TYPICAL APPLICATIONS (Continued)

REF)y
B
R12

1

Ry TEMPCY = Ry TEMPGCO

i]
VRerm = VRerouril +g2)
R
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FEATURES

ADT7520/ AD7530: 10.Bit Flesolutlon, 8, 9and 10°Bit
Linearity

A07521/Al57531 12 Blt Resoluhon' 8 9 and 10 Bit
Linearity

‘Low Power Dns51pai|on 20 mW (Max)

Low Nonlinearity Tempco: 2 PPM of FSR/° C (Max)
Current Settling Time; 500 ns to 0.05% of FSR
Supply Voltage Range: +5V to +15V
DTL/TTL/CMOS Compatible

Full Input Static Protection. -

883B Processed Versions Available

AD7520/7530

AD7521/7531
10 & 12 Bit Monolithic
Multiplying D/ A Converters

GENERAL DESCRIPTION

The AD7520/AD7530 and AD7521/AD7531 are monofithic,
high accuracy, low cost 10-bit and 12-bit resolution,
multiplying digital-to-analog converters (DAC).
INTERSIL thin-film on CMOS processing gives up to 10-
bit aceuracy with DTL/TTL/CMOS compatible operation.
Digital inputs are fully protected against static discharge
by diodes to greund and positive supply.

Typical applications include digital/analog interfacing,
multiplication and division, programmable power
supplies, CRT character generation, digitally controlled
gain circuits, integrators and attenuators, etc.

The AD7530 and AD7531 are identical to the AD7520 and
AD7521, respectively, with the exception of output
leakage current and feedthrough specifications.

FUNCTIONAL DIAGRAM -

10K 10K 10K 10K

Vrer

20K0

5PDT

i ‘ l foutz

h-
sl

Il

1

+ lout

\ -

1 10K 12

4 4 V. RFEEDBACK

BIT3

NMOS
SWITGHES

{Switches shown for Digital tnputs “High™
(Resistor values are nominal)

CHIP TOPOGRAPHY

loutz  foun

AFB VReF Y1

GND

ot o 1 ‘
(BiTa BITS RITG BT7 BITE ‘
I 0.0881In
[ 2.483 mm |

PACKAGE IDENTIFICATION

AD7520 4 N
Suffix D: Cerdip package
Suffix N: Plastic DIP package

.[———Pndmnt
-Nonlinesrity
Geneinl Type

ORDERING iINFORMATION

Temperature Rance

Nonlingarity G°C.to +70°C -25°C 10 +85°C| -85°Cto +125°C

ADT7520JN AD75200D AD75205D
0,2% (B-Bit AD7530JN AD7530JT

AD7521JN ADT5214D AD7T5215D

AD7531JN AD7531JD

ADT520KN ADTS20KD AD7520TD
0.1% {9-Bit} AD7S30KN AD7530KD

AD7521KN AD7521KD AD7S21TD

AD7SITKN AD7531KD

AD7520LN AD7520LD AD7520UD
0.05% {10-Bit} AD7S30LN ‘ADT536LD

AD7S21LN ADTE21LD AD7521UD

AD7531LN AD7531LD

PIN GONFIGURATION {Outline dwgs DE, PE}

TOF VIEW
ADYS20 (AD7530)

lour [T} 38l Rreenaack
lours (2]
GNo (3]
BIT 1 (M&B) (1]
BIT 2 [Z]
BT 3 [E]
BIT 4 1]
BIT 52§

BIT1 {
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AD7520/7530/7521/7531 \ EINmERSIL

ABSOLUTE MAXIMUM RATINGS (T = 25° C unless otherwise noted)

Ve e r e e e aa e, HITV Operating Temperatures -

VREF rvevnmrrrt it rinansririinanrrrnrresnns +25V JNCKN LN VErSions .ooceeeiiiiiinriaaas 0°Cto+70°C

Digital input Voltzge Range .............. V" to GND JD KD, LD Varsions .......oiviiiiiaaaa -25°C1085°C .

Qutput Voltage Compliance ........... -100mV to V* 8D, TD,UDVersions v.v.evvvvisininas ~55°Cto+125°C

Power Dissipation {package! Storage Temperature ........ccoeenv.t. —65°Cto+150°C
Upto+75°C .. iiiii i 450 mw

derate above +75°C @ ...... e

CAUTION: 1) The digital controi inputs are zener protected; however, permanent damage may occur on u'nconnec‘féd units under high energy
electrostatic fizlds. Keep unused units in conductive foam at ail times.
2) Do not-apply voliages higher than Vpp or less than GND potentizl on any terminal except VREF and Rip.
Stresses above those listed under Absolute:Maximum Ratings may cause permanent damage to the davice. These are Stress ratings only, and functional
operation of the devicé at these or any other conditions above those indicated in the operational-sections of the specifications is nat implled. Exposure to ab-

selute maximum rating cgnditions for exténded periods may affect device reliability.
SPECIFICATIONS (v+ = +15V, Vaer = +10V, TA =25°C unless otherwise specified)

(Iheluding the tadder!

AD7520 ADTS21 . )
PARAMETER (AD7530) [AD7531} UNITS LIMIT TEST CONDITIONS FIG.
DC ACCURACY (Note 1)
Resolution 10 12 Bits
‘Nenlingarity J 0.2 (8-Bit) % of FSR Max 3, T, U: over -55°C tc =125°C 1
S - o
K 0.1 {9-Bit) % of FSR Max 1
T
L 0.05 (10-Bit) % of FSR Max —10V<Vper= =10V 1
U
Nonlinearity Tempco 2 PPM of FSR/°C Max N
Gain Error (Note 2 03 % of FSR Typ =10V =Vaer =< +10V
Gain Error Tempoo (Note 2) 10 PPM of FSR/°C Max
QOutput Leakage Current 200 nA Max Gver the specified temperature
lelther output) (3001 range -
Power Supply Rejection +0.005 % of FSRM% Typ .2
AC ACCURACY
Output Current Settling 500 nsS Typ To 0.05% of FSR (All digital [
Time inputs low to high and high to
low)
Feedthrough Error 10 mVY pp Max VRer = 20V pp, 100kHz 5
(50kHz) All digital inputs low
REFERENCE INPUT . 5k Min
Input Resistance (Note 3) J 10k 4] Typ All digital inputs high.
20k Max louT1 at ground.
ANALOG OUTPUT C )
Vaoltage Compliance Bee absolute max. ratings
(both outputs}
Output Capacitance loum 120 pF Typ All digital inputs high 4
lourz 37 pF Typ
lout? - 37 pF Typ All digital inputs low 4
ioutz 120 pF * Typ
Output NoTse Equivalent to 10k Typ "3
thoth gutputs) Jehnson noise
DIGITAL INPUTS
Low State Threshold [oX:] vV Max Over the specified temp range
High State Thresheld 24 v Min
Input Current 1 wh Typ
{low to high state} ]
Input Coding Binary/Gffset Binary See Tables 1 & 2 cn pages 4
- and 5
POWER REQUIREMENTS
Power Supply Voltage Range | +5t0 +15 v .
1+ 5 nA Typ All digital inputs.at GND-
2 mA Max All digital inputs high or low
Total Power Dissipation 20 mw Typ

NOTES:

2. Using iriternal feedback resistor, RFEEDEACK.
3.. Laclder and feedback resistor Tempco is-approxitnately —150ppm/© C.

1. Full scale range (FSR) is 10V for unipolar and £10V for bipolar.medes.
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AD7520/7530/7521/7531 S BINTERSIL

TEST CIRCUITS
NOTE: The following test circuits apply for the AD7520. Similar circyits can be.used for the AD7520, AD7521 and AD7531.

Vrer 15 ¥
BIT 1 (MSBIPSS pp Lot H5Y
[
10 81T s L . N UNGRGUNDED
BINARY . SINE WAVE
AR AD7520 HAzZ60 - GENERATDR 00K
+ 4pHz 2V p-p
BIT 10 louTz 4 . +Hov
13 H v
(L58} 3 oKD 1MEG VREF— 4 A%
—j JEND 4 _L 5K 0.01%
igups — - = | ! i I3 T VERRCA
CLOCK = =, = 4 BIT 1 (M$B) a|FFEECBAGK 5K 0.01% X 100
V“EF_j LINEARITY ’ : p =il
ERAOR 1
. i | apraze
oIt X 108 mrig ), [
MSE) -(LSH) 3
12 BT _,ann
BIT 10 JREFERENGEL . i
bac = = = = =
(ETEL
BIT12
Figure 1. Nonlinearity ' . Figure 2. Power Supply Rejection
' ' ' .
HTIV (ADJUST FOR Vour = 0V} ,
415V NC +15
I = 1kHzZ
BW = 1Hz
BIT 1 (MsBy | 18 i
QUAN . 4 16| NG
15:F TEGH' 5
MODEL ADT520
134D . [
WAVE o 2
ANALYZER ; BIT 10 (LSB) I o
Figure 3. Noise : : Figure 4. Quiput Capacitance

15V 15y

Ver =20 ¥ pp 130 kHz SINE WAVE ) —_— 150 SETTLING (1 )
m
“ov EXTRAPOLAYE al 0,03% SETTLING
=risn llma .
BIT 1 (MSB) h . BIT 1 (M5B} ,15 14

O OSCILLOSEOPE
o ADPSZ0 f  +10d m¥ [

-— .
DiGITAL INPUT

1 - 13 2 lauT2
BIT 10 (LSB) BIT 10 {LSB) 3

i Laun

Figure 5. Feedthrough Error - Figure's. Qutput Current Settling Time
DEFINITION OF TERMS
NONLINEARITY: Error contributed by deviation of the GAIN: Ratio of the DAC's operational amplifier output
DAC fransfer function from a best straight line function. voltage to the nominal input voltage value.
‘Normally expressed as.a percentage of full scale range. )
For a multiplying DAC, this should hold true over the FEEDTHROUGH ERROR: Error causéd by capacitive
entire VReF range. coupling from VREF to cutput with all switches OFF.
RESOLUTION: Value ofthe LSB. For example, a unipolar ’ .
canverter with n bits has a resolution of 2™" (Vaerh A ) CUTPUT CAPACITANCE: Capacity from louTs and louTz
bipolar converter of n bits hhs a resolution of[2'(”'”] terrhinals to ground.
tvrer1. Resolution in no way implies Imearlty ) o
SETTLING TIME: Time required for the outputfunction of OUTPUT LEAKAGE CURRENT: Current which.appears
the DAC 10 settle to-within 1/2 L.SBforagwen digital input on loutt terminal with alldigital inputs LOW or on lout2

stimulus, i.e., 0 to Fuli Scale. terminal when all inputs are HIGH.
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AD7520/7530/7521/7531
GENlERAL CIRCUIT INFORMATION

The AD7520 (AD7530) and AD7521 (AD7537) are
monolithie, multiplying D/A converters. Highlystable thin
filrn R-2R resistor ladder network and NMQS SPDT
switches form the basis of the converter circuit, CMOS
level shifters permit low power BTL/TTL/CMOS
compatible eperaticn., An external voltage or current
reference and an operational amplifier are all that is
required for most voltage cutput applications.

A simplified equivalent circuit of the DAC is shown in
Figure 7. The NMOS SPET switches steer the ladder leg
currents between oyt and louTe busses which must be
held either at ground or virtual ground potential. This
configuration maintains a constant current in each ladder
leg independent of the input code.

10K 19K 10K DKL

Vrer

(1517}

20K0 > 20K

AROT,

| | o ) .
| J ol 3 ]
swnr"t‘:ﬂgi i ; ; loutz (2)
: + toun (1)
| I 1 .
I ! ‘ 10K
4 3 S I RFEEDEACK
MSB BIT2 BIT3 (16/12)
(), 15) 6)

{Switches shown for Digital Inputs “High")

Figure 7. 7520/7521 Functional Diagram

BINTERSIL

Converter errors are further reduced by using separate
metal interconnections between the major bits and the
outputs. Use of high threshold switches reduces the-offset
(leakagel errors to a.negligible level.

The ievel shifter circuits are comprised of three inverters
with a positive feedback from the output of the second to
the first, (Figure 8). This configuration results in DTL/
TTL/CMOS compatible operation over the full military
temperature range. With the ladder SPDT switches driven
by the level shifter, each switch is binarily weighted foran
ON resistance proportional to the respective ladder leg
current. This assures a congtant voltagé drop across each
switch, creating -equipotential terminations for the 2R
ladder resistors and highly accurate leg currents.

Y+

TS LADDER

OTLTTL/CMCS
THPUT

Figure 8. CMOS Switch

APPLICATIONS

UNIPOLAR BINARY OPERATION
The circuit configuration for operating the AD7520
(AD7530) and ADY521 (AD7531) in unipolar mode is
shown in Figure 8. With positive.and negative VAer values
the circuit is capable of 2-Quadrant muitiplication. The
“Digitat Input Code/Analog Output Value” tdble for
unipolar mode is given in Table 1.,

+15V

BIT 1 (MSB) “5 1“’ AFEEDBACK
15

—s
H AD7520
H
.

_DIGITAL lauTt

INPUT

' B, EIDUTE—
BIT 10 (LSB)
§ED

Figure 9. Unipolar Binary Operation
{2-Quadrant Muitiplication)

Zero Offset Adjustment

1. Connect al! digital inputs to GND.

4141

2. Adjust the offset zero adjust trimpot of the outpdt
operational ampiifier for OV 1 mV at Vour.

Gain Adjustment

1. Connest all AD7520 (AD7530) or AD7521 (AD7531)
digital inpuisto V+.
2. Monitor Yout fora =Vagr (1-2~Wreading. (n=1C for
AD7520 (AD7530) and n=12 for AD7521 (AD7531)).
3. To decrease VouT, connect a series resistor {0 to 500
ohms) between the reference voltage and the VRer ter-
minal. ’ .
4. To increase Vgyr, connect a series resistor (0 to 500)
ohms) in the loyr, amplifier feedback loop.
TABLE 1
CODE TABLE — UN/POLAR BINARY OPERATION

DIGITAL INPUT ANALOG OUTPUT
1111111111 —VRegF (1 - 27N
1000000001 Nrgr (1/2 4+ 2-0)
1000000000 -VRer /.2
0111111111 —VREF (1/2 = 2°M)
000D0DOD0 -VREF (27N
0000000060 ' 0

2. n = 10 for 7520, 7530
n = 12 for 7521, 7531

NQTE: 1.L8B=2""VpeF



AD7520/ 7530/7521/7531

(APPLICATIONS, Cont'd.}
BIPOLAR (OFFSET BINARY) OPERATION
The circuit configuration for operating the AD7520
(AD7530) o AD7621.(AD7531) inthe bipolarmode is given
in Figure 10. Using offset binary digital input codes and
positive and negative reference voltage values 4-
Quadrant multiplication can be realized. The “Digital
input Code/Analog Output Value” table for bipolar mode
is given in Table 2.

. Hls " Rs

A

VREF‘

10 MEGOHM

a1 e { 1 -’“e. RestBACK
ot (e A

B Aamane ]
DIGITAL |
INPUT |

Sours

ADT520

13 4

Figure 10. Bipolar Operation
(4-Quadant Multipligation)
A "Logic 1" input at any digital input forces the
corresponding ladder switch to steer-the bit current to
- louTt1 bus. A“'Logic 0" input forces the bitcurrentto louts
bus. For any cade the lout and lgurz bus currents are
complements of one another. The current amplifier at
lout2 changes the polarity of loutz current and the
transconductance ampilifier at'lourt output sums the two
currents. This configuration deubles the output range but
halves the reselution of the DAG. The difference current
resulting at zero offset binary code, (MSB = "“Logic 1", All
other bits = “Logic 0", is corrected by using an externat
resistor, (10 Megohm!, from VRer to louTz.

BIT 10 {L5B}

7 [BINTERSIL
Offset Adjustment

1. Adfust VReF 1G approximately +10V:,
2 Connect all digital inputs to "Logie 1",
3. Adijust louTz2 ampiifier offset zere adjusttrimpot for ov
T1mV at lgutz amplifier output, -
4. Connect MSB {Bit 1) to “Legic 1" and aII other blts to
“Legic 0.
5, Adjust louri amplifier offset zero adjust: tnmpot forov.
=1 mV at Vour.
Gain Adjustment
1. Connect all digita! inputs-to V.
2. Manitor VouT fora=VRer (1-2«(0-1)) volts reading. (n=

. 10 for AD7520 ahd AD7530 and ri = 12 for AD7521 and

ADT7531)

3, To incréase Vour, connect a serles reS|stor of up fo
500t between Vour and Ribs.

4. To decrease Vourt, connect a series resistor of up to
5000 between the -reference voltage and the VRer
terminal.

o TABLE 2
CODE TABLE — BIPOLAR (OFFSET BINARY) OPERATION

DIGITAL INPUT ANALOG OUTPUT

IRRARRRAAE —Vaer 11 - 270-1))
1000000001 —VReF (2-0-1})

1000000000 0

0111111111 Vper (201

000000000} Vrgr 1 -+ 2701

0000000060 VreF

NOTE:1.L5B = 2"~ yper

2. n =10 for 7520 and 7521

n =12 for 7830 and 7531

POWER DAC DESIGN USING AD7520

30K

10—

N - 1 18
{ 12 15 |— vrer (10w
_ F PO His
INTEASIL
= L [THE aprsm 1 LSE
—s I
aT BIT
SWITEHES 6 I SWITCHES
T
]

1appt

[

+15¢

Figure 11.
Aypical power DAC designed for 8 bit accuracy and10
bit resclution is showir in Figure 11. An INTERSIL IH8510
power amplifier {1 Amp continuous output at up to:#25 V)
is driven by the AD7520.
A summing-amplifier between the AR7520-and the IH8510
is used to separate the gain block containing the AD7520
on-chip resistors: frem-the power amplifier gain stage
whose gain is set only by the external resistors. This
approach minimizes driftsince the resistor pairs wiltirack
properly. Otherwise the AD7520 can be dirgctly
connected to the IHB510, by using a 25 V reference for the
DAGC.

=15V

0.BB{L
10K

INTERSIL
ICHB510

TSKN

The Basic Power DAC

4142

An important note on the ADT7S520/101A interface
concerns the connection of pin 1.of the DAC and pin 2 of
the 101A. Since. this point is the summing junction of an
amplifier with an AC gain of 50,000 or better, stray
capacitance should be.minimized; otherwise instabilities
and poor noise perfofmance will result. Note that the
output of the T0TA's fed into an ifverting amplifier with 2
gain of -3, which can be easily changed to anon-inverting
canfiguration. (For more information see: INTERSIL
Application Bulletin A021-Power B/A Converters Using
The |H8510 by Dick Wilenken.)



AD7520/7530/7521/7531 - EINTERSIL

(APPLICATIONS, Cont'd,) .
ANALOG/DIGITAL DIVISION . This is division of an analog variable (Vin} by a digital word.
With the AD7520 connected in its normal. multiplying - With all bits off, the amplifier saturates to its bound, since

configuration as shown in figure 15, the transter function division by zero isn't defined. With the LSB (Bit-10! ON,
the gain is 1023, With all bits ON, the gain is 1 (1 LSB).

is

~ A A As An '
Vo =-ViN (E + 5'2" = - - on B '"I-W
where the coefficients Ay assume avalue of 1 foran ON bit - -
and 0 for an OFF bit. i mse 18
By connecting the DAC in the feedback of an operational DIGITAL, 1° aorszs 1
amplifier, as shown in Figure 12, the transfer function INPUT .
becomes e Ml B

-VIN, ) J..—
Vo = m+ﬂ+& .. An ~ ‘ RN
21 ' 22 2n . Figure 12. Analog/Digital Divider -

For further information on the use of this device, éee the following Application Bulletins:

AD16 "Selecting A/D Converters,” by David Fullagar

A018 “Do's and Don'ts of Applying. A/D Converters,” by Peter Bradshaw and Skip Osgood

A020 “A Cookbook Approach to High-Speed Data Acquisition and Microprocessor lnterfaclng” by Ed Shger
A021 “Power D/A Converters Using the IHB510,” by Dick Wilenken

R005 “Interfacing Data Converters & Microprocessors,” by Peter Bradshaw et al., Electronics, Dec. 9, 1976
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. AD7523
8 Bit Monolithic

Muiltiplying D/ A Converters

FEATURES

8, 9 and 10 bit linearity

Low gain and linearity Tempcos
Full temperature range cperation
Full input stati¢ protection
DTL/TTL/CMOS compatible

+5 to +15 volts supply range

Fast settling time: 100 n$

Four quadrant multiplication

883B Processed versions available

GENERAL DESCRIPTION
The Intersii AD7523 is -a monalithic, low cost, high
performance, 10 bit accurate, multiplying. digital-to-analog

‘gonverter (DAC), in a 16-pin DIP.. .

Intersil’s thin-film resistors on CMOS circuitry provide 8-bit
resolution (8, 9 and 10-bit acouracy’, with DTL/TTL/CMOS
compatible operation.

Intersil AD7525's accurate four quadrant multiplication, full
militzry temperature range operation, full input protection
from damage due to static discharge by clamps to V+ and
GND and very low power dissipation make it a very versatile
converter,

Low noise audic gain control, motor speed cantrol, digitally
controlled gain and attenuators are a few of the widenumber
of applications of the 7523.

FUNCTIONAL DIAGRAM

1W0Ke 10K 10K 10K1

VRerIN

| | |

| | ]

i L :1 louTz (2)
SWITCHE! | : ! louTs (1}

I |
! I 10K0)
I 3 “5 . L/v\,_qHFEEDEACK
msB  BIT2  BIT3 {16}

{Switches shown for Digital Inputs “High™

PIN CONFIGURATION

ouT [j = . P8 Rreepaack
ouTz [2] 18] VrerIN
GND [3] [13] v+
BIT4 (MsB) [4] AD7523 [i3] NC
BIT 2 (5] 2] Ne
BIT3 [E] 71} BIT 8 (LSB)
BIT4 [7] 1] BIT 7
B175 [ 8] slBITE
TOP VIEW

QUTLINE DRAWINGS

ORDERING INFORMATION

Temperature Range

Nenlineanty | 0°C to +70°C|-20°C to + 85°C|-55°C to +125°C
0.2%
8 Bit) ADT523JN AD7S23AD ADT5235D
0.1%
19 Bin AD7523KN AD7523BD ADTS23TD
0.05%
110 Bit) ADT523LN AD7523CD AD7523UD

ADT523 T D

L Package

D — 18-Pin CERDIP DIP
N - 1&-Pin Plastic DIP

Ity and T
J, K, L — Commercial
0°C to +70°C
A,B,C — Industdal
-20°C to +B5°C
S, — Willlary
—55°C to +125°C

Ranga

Bazic Part Number
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AD7523 |
ABSOLUTE MAXIMUM RATINGS

(Ta-=25°C unless otherwise noted) Ceramic

y+ ; : e FITV 11y oW 4=kl o R 450mwW

VY RER: « vt e e et +25V deratesabove 75°ChY ..iviiiiiii i BmwW/° C

Digital input VoltageRange ...........oovvans —0.3tc VDD Operating Temperatures

Cutput Voltage Compliance .......o.ovuvnes —0:3to VDD JN, KN, LN Versions co..oovvereieanneann. C°Cto+7C°C

Power Dissipation (package) AD,BD, CD Verslons ....ovnvevrvaenn s -25°Cto+85°C

Plastic 8D, T, UD Versions ....... e -55°Cto+125°C
UPIOHT0%C Lo e 570mW Storage Ternperature ....... e —85°Cto+150°C
deratesabove+70°Chy ......eiii i 8.3mw/C Lead Temperature (soldering, 10 seconds) ...... +300°C

CAUTION: 1. Thedigital control inputs are zener protected; however, permanent damage may occuron unconnected units under high energy
eiectrostatic fields. Keep unused units in-conductive foam at all times.

2. Do not apply voltages higher than VDD-and lower than GND to any terminal except Vaer + RFe.

Stresses above those listed-under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only,
. and tunctional operation of the device at these or any other conditions above those indicated in the cperational sections of the specifica-
tionsis not implied. Exposure to absolute maximum rating conditions for extended periods may atfect device reliability.

SPECIFICATIONS (v* =

+ 15V, Vrep = + 10V unless otherwise specified)

TA TA
PARAMETER +25°C | MIN-MAX UNITS LiMIT TEST CONDITIONS
DC ACCURACY [Note 1) - ' | '
Resolution 8 8 Bits "Min
Nonlinearity (Note 2) =1/2 LSB) +0.2 +0.2 % cf FSR Max
) (+1/4 LSB) +001 404 % of FSR Max —10V = VRer = +10V
#1/8 LS +0,05 =0.05 % of F5R Max | Vourt =VouTa=0V
Monotonicity’ Guaranteed ] ’ :
Gain Error (Note.2) +1.5 [ *1.8 % of FSR Max | Digital inputs high.
Nonlinearity Tempco (Note 2 and 3} 2 PPM of FSR/~C Max —10V VRer +10V
Gain Error Tempco {Note 2 and 3) 10 PPM of FSR/°C Max
Output Leakage Current (either output). 50 +200. nA . Max Vourt = Voure =0
AC ACCURAGCY (Note 3} i
Power Supply Rejection (Note.2) 0.02 0.03 % of FSR/% Max vt = 14,010 15.0V
Output Current Settling Time 150 200 ns 1 Max. 1 To 0.2% of FSR, RL = 1000
Feedthrough Error +iz 1 LB Max | Vper = 20V pp, 200KHz sine wave: All
) digital inputs low.
REFERENCE INPUT 5K 0 Min
Input Resistance (Pin 15) 20K " Max All digital inputs high, lout at ground.
Temperature Coefficient (Note 3) 500 ppm/* G Max ' o
ANALOG OUTPUT (Mote 3) Both outputs.
Voltage Compliance iNote 4 —100mV to ¥+ . See maximum ratings.
Output Capacitance Couti 100 pF Max [ All digital inputs high [VINK)
CouTz 30 pF Max )
CouTt 30 pF. Max All digltal inputs iow (VINL)
Courz 100 . pF. Max
DIGITAL INPUTS
Low State Threshold (VL) 0.8 \ Max Guarantees DTL/TTL and CMOS (0.5
High State Threshold (Viyp) 24 v Min | max, 14.5 min) levels
Input Current (per input) *1 mA : Max | Vin =0V or +15V
Input Coding BinaryrOffset Binary . | See Tables 1 &2
Input Capacitance (Note 3) 4 rF Max .
POWER REQUIREMENTS . . Accuracy is tested and guaranteed at
Power Supply Voltage Range +5 to +16 ' . | vt = +18Y;enly. )
1+ 100 uA Max | All digital inputs low or high.
NOTES: 1. Full scaie range (FSRI is 10V for-unipdlar and 10V for bipolar modes, Specifications subject to

2. Using internal feedback resistor, RFEeDBACK.
3. Guaranteed by design; not subject to test.
4, Accuracy not guaranteed unless outputs at ground potential,
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AD7523

-APPLICATIONS
UNIPOLAR OPERATION

MOV 18V NOTES: ‘
Vige 1. R1 AND R2 USED ONLY IF GAIN
- ADJUSTMENT 1S REQUIRED,
. 2. CR1 PROTECTS AD7523 AGAINST
ol NEGATIVE TRANSIENTS,
75 T} R2 1k
—]4 Ty Lilic
DATA |MSB ouTt

! ADYS23 1 =
INPUTS | ) 55 “ ofouT? v
o > | 3 cR1 ouT
GND

Figure 1. Unipolar Binary Cperation 2-Quadrant Multiplication}

l]l

INTERSIL

DIGITAL INPUT ANALCG OUTPUT

MSB  LSB
EARRRARE ~VRer (%)
10000001 “VRer -(%)
10000000 ~Vrer (12—2—2) =- VZEF
01111111 “VRer (Lg'g) .
00000001 ~VhReF (E:s_e)
06000000 ~Vnzr (ég_s) =0

Note: 1 LSB = (28 ivegei= (5 ) (Vaer)
Table 1. Unipoiar Binary Cede Table

' BIPOLAR OPERATION
=10V ~15V
VREF

14 ase R2 1k
AN~
OUT1
ouTz R4Sk RaGk
CR1
- Vour
\ +

3..R5-R7 USED TO ADJUST Vour = OV AT.
INFUT CODE 10000CC0.

4. CA1 & CRZ PROTECT AD7523 AGAINST
NEGATIVE TRANSIENTS,

NOTES:

1. R3/R4 MATCH 0.1% OR BETTER.

2 R1, R2 USED ONLY IF GAIN
ADJUSTMENT IS REQUIRED.

Figure 2. Bipolar (4-Quadrant! Operation

DIGITAL INPUT ANALOG CUTPUT

MSB LSB
1114 ~VagF (%)
10900001 - —VREF (fl_?s)
10000000 0
0111111‘1 +VRER (']-ITB)
00000001 +VRer (%)
00000000 +Vagr G_a_g) ‘

1

. Nots: 1088 = (27} (VReF} = (—) (VREF)

128
Table 2. Bipolar (Offset Binary! Code Table

POWER DAC DESIGN USING AD7523

1 s s
; z 158 Vaee (£10V) ! tasy RO
3 14— +15v
—4 INT'ERSIL 13— NC 10K 2
= ADT523 y AN . Vour
) =15 12}~ NC ‘ t—a
switcnes} 18 "7 g INTERSIL
—r 10} | cwircHes 1H8510
—s 50—
100p1
IL i
-35¢ D.68(}
7.5K{}
30pF
4 = -15v =

Figure 3. The Basic Power DAC

A typical power DAC designed for 10 bit accuracy and 8 bit
resolution is shown in Figure 3. INTERSIL IH8510 power
amplifier {{ Amp continuous output with up to +25V) is driven
by the ADT523.

A summing amplifier between the AD7523 and the IHB510 is
used to separate the gain block containing the AD7520 on-

chip fesistors from the power amplifier gain stage whase
gain is sét only by the external resistors. This approach
minimizes drift since the resistor pairs will track properly.
Otherwise AD7523 can be directly connected to the IH8510,
by using a 25 volts reference for the DAC.
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APPLICATIONS (continued)
' DIVIDER {DIGITALLY CONTROLLED GAIN)

Vin . +18Y
Rrg T

ourz | 1 1 BIT1
2 qp—
MSE! DIGITAL
AD7522 | INPUT
© QU LSB ! "p~
1 = P Vour =-Vaulo
15 | BITE WHERE:
VREF _Bm B2 BiTB
b= T "
= ] : 255"
( 0sD= -zss)
—ovour ,

BINTERSIL

MODIFIED SCALE FACTOR AND OFFSET

VRer b

~VREFD

Ri{-+Rz R1 + Rz,

"Your.= VHE.F‘K—‘H—E‘—) - ( RiD ):|\\MHEHE: p=BTt BITZ, BITE

21 22 24

_(u E i:{s%:.)

DEFINITION OF TERMS

NONLINEARITY: Error contributed by deéviation of.the DAC
transfer function from a best straight line function. Normally
expressed as a percentage of full scale range. For a
multiplylng DAC, this should hold true over the entire VREF
range.

RESOLUTION: Value of the LSB. For example, a unipoiar
converter with n bits has a resolution of (2= (Vrgr). A bipolar
converter of n bits has a resclution of [2~"1][VRer].
Resolution in no way implies linearity.

SETTLING TIME: Time required for the output function of
‘the DAC to settle to within 1/2 LSB for a given digital input
stimulus, i.e., 0 to Full-Scale.

GAIN: Ratio of the DAC's operational amplifier output
voltage to the nominal input voltage valus.

FEEDTHROUGH ERROR: Error caused by capacitive
coupling from VRer to output with all switchas OFF.

OUTPUT CAPACITANCE: Capacity from lout and louT?
terminals to ground.

OUTPUT LEAKAGE CURRENT: Current which appears on
louTt terminal with ali digital inputs LOW or on louT2
terminal when all inputs are HIGH.

For further information on fhe use of this device, see the following Application Bulletins:

AD16 “'Selecting A/D Converters,” by David Fullagar

AD1B "Do's and Don'ts of Applying A/D Converters,” by Peter Bradshaw and Skip Osgood

AD20 “A Cookbook Approach to High-Speed Data Acquisition and Microprocessor Interfacing” by Ed' Sliger
AD21 "Power DVA Converters Using the IH8510,” by Dick Wilenken

JROD5 “Interfacing Data Converters & Microprocessars,” by Peter Bradshaw et al., Electronics, Dec. 9, 1976
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| AD7533
10 Bit Monolithic

BIINNERS]S

| Multiplying D/A Converters

FEATURES

Lowest cost 10-bit DAC

8,'9 and 10 bit linearity

Low gain and linearity Tempcos
Full temperature range operation
Full input static proteciion’
DTL/TTL/CMOS direct interface’
+5 to +15 volts supply range
Low power dissipation

Fast seitling time

-Four quadrant multipiication
Direct AD7520 equivalent

883B Processed versions available

GENERAL DESCRIPTION
The Intersil AD7533 is a low cost,-monolithic 10-bit, four-
quadrant multiplying digital-to-analog converter (DAC).
Intersil’s thin-film resistors on CMOS circuitry provide 10,9
and'8 bit accurdcy, fuli temperature range operation, +5Y to
+15V power range, full input protection from damage due to
static discharge by clamps to V- and ground and very low
power dissipation.

Pin and function equivalent to lndustry Standard AD7520
the AD7533 is recommended as a lower cost alternative for
old or new 10-bit DAC designs. .

Application of AD7533 includes programmable gain
ampiifiers, digitally controlled attenuators function
generators and control systems.

-

FUNCTIONAL DIAGRAM

VREFIN 10K 10K C1OKIDY

0K}

lourz (2)

BIT3 - a
(6)

MSE
L@ (5}

{Switches shown for Digital Inputs "High")

]

i i louT1{1)

! ! 10K

& ) LR A AFEEDEACK -
B)

PiN CONFIGURATION

ourt [1] 6] RrceoBAck
ouTz [2] —| VRerIN
GND [3] [13] v*
BIT1(MsB) [4] ADrsas |73 BIT 10 (LSE)
BIT 2 [5] [12) B1T 8
BT a [§] Fijamrs
- Brra [T 9] BT 7
. BITS [8] [5] BiT &
ToP VIEW

(Outline dwy DE, PE)

ORDERING INFORMATION

Temperature Range
Nonlinearity [ 0°C to +70°C }-20°C t0 +85°C [-55°C to +125°C

+0.2% AD7533.)N ADTS3I2AD AD753350
(8-bit) :
+0.1% AD7533KN AD7533BD | . AD7533TD
§-bit)

+0.05% AD7533LN ADT533CD AD7533UD
(10-bit)

PACKAGE IDENTIFICATION

AD7SSS T D

PACKAGE
D — 18-PIN CERDIP DIF
N — 18-PIN PLASTIC DIP

NONLINEARITY AND
TEMPERATURE RANGE

JK,l. — COMMERCIAL 0°C TO +70°C
AB — INDUSTRIAL —20°C TO +85°C
" 5T — MILITARY —55°C TO +125°

BASIC PART NUMBER
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AD7533 | BINTERSIL

ABSOLUTE MAXIMUM RATINGS

{Ta =25°C unless: otherwise noted)

Piastic o Y
L AR 0.3V, +17V UPOTOC tervrrrrvncrnnreeens s ST B70mW
VREF «vvurn it et e e oo X258V deratesabove 70°Cby ... .o iiiinn wies B3MW/SCT
Digital Input VoltageRange ................... -0.3Vio V' Operating Temperatures :
Qutput'Voltage Compliance .........0vivveeans. ~03tov* JN, KN, LN Versions .o ieiineaen 0°Cto--70°C
Power Dissipation {package) o - AD, BD, CD Versions ........ eeiannd .. —25°Cto+85°C
Ceramic o $D, TD, UD Versions -55°Cto+125°C
upto+75°C ...... N 450mwW Storage Temperature -65°Cto-+150°C
deratesabove+75°Chy ...ooevniii .. BmwW/ s C Lead Temperature tsoldering, 10secends) ...... +300°C

CAUTION: 1. The digital control inputs are zener protected; however, permanent damage may ocguron unconnected uriitsun_der high energy
electiostatic fields. Keep unuséd units in conductive focam &t all tines.
2. Do not apply voltages lower than ground or higher than V* to any pin except Vrer and Reeg.

Stresses above those Iisted under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions above those indicated in the operatiohal sections of the specificationsis not
implied. Exposure to.absolute maximum rating conditions for extended periods may affect device reliability.

SPECIFICATIONS (v* = +15V, Vger = +10V, VouT! = Youtz =0 unless otherwise specified.)

‘ Ta Ta
PARAMETER +25°C MIN-MAX UNITS LIMIT TEST CONDITIONS
DC ACCURACY (Note 1) f .
Resolution 10 10 ' Bits Min
Nonlinearity (Note 2 +0.2 +0.2 % of FSR Max
+0.1 +0.1 % of FSR | Max [~10V=VREF= +10V
| w005 | 005 % of FSR Max | Voutt =Vouyte =0V
Gain Error (Note 2 and 5) .4 | =15 % of F§ Max | Digital Inputs = Vind
Qutput Leakage Current (gither output) [ 250 +200 nA Max { Vrer = 10V
AC ACCURACY
Power Supply Rejecticn (Note 2 and 3) 0.005 0.008 % of FSR/% Max [ V* =14.01017.0V
Cutput Current Settling Time 600 80D ns Max | To 0.05% of FSR, RL = 10002
N {Note & | (Note 3 ‘ : .
Feedthrough Error iNote 3) 10.05 0.1 % FSR 1 Max 1 VRer= 210V, 100kHz sine wave,
) ' : ] - Digital inputs low.
+ REFERENCE INPUT SK . Min
Input Resistance (Fin 15) ‘20K n Max | Al digitai inputs high.
Temperature Coefficient =300 ppm/°C | Typ
ANALOG QUTPUT Both outputs.
Voltage Compliance (Note 4 —100mV to V* See maximum ratings.
Gutput Gapacitance (Note 8) CouTtt 100 pF . Max | All digital inputs high (VinH)
: | Coutz. | . .35 pF Max.
CouTi ) pF Max All digital inpuis Tow (VinL
Coutz ._100 pF Max
DIGITAL INPUTS: . )
Low State Threshold:(VINL) B 0.8 ) ¥ Max
High State Threshold (VINH) 2.4 v Min
Input Current (i) +1 A Max Vin =0V and V"
Input Ceding Binary/Ofiset Binary . .| See Tables 1 & 2
Input Capacitance (Note 3} 5 pF Max
POWER REQUIREMENTS
Voo +15 £10% v Rated Accuracy
Power Supply Voltage Range " +510 +18 v )
" o 2 mA Max | Digital Inputs = ViNL 10 Vind
100 150 ! Py Max | Digital Inputs = OV or v~
NOTES: 1. Full scale frange (FSR) is 10V for unipdlar and £10V for bipolar modes. " Specifications subject to
2. Using internal feedback resistor, Rreepeack. change without notice.
- 3. Guaranteed by design; not subject to test.
4. Accuracy net guaranteed unless outputs at-ground petential.
5. Full scale (FS) =~ (VReF} » (102371024}
6. Sample tested to ensure specification compliance.
7. 100% screened to MIL-STD-883, method 5004, para, 3.1.1, through-3.1.12 for class B device. Final électricai tests are: Nonlinearity,
Gain Error, Output Leakage Current, ViNd, VinL, Iy and |+ @ +25°C and +125°C (8D, TD, UD) or +25°C and +85°C (AD, BD, CD).
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AD7533

GENERAL CIRCUIT INFCRMATION

The Intersil AD7533 is a 10 bit, monolithic, multiplying D/A
converter, Highly stable thin film R-2R resistor ladder
network and NMOS DPDT switches form the basis of the
converter ciréuit. CMQS level shifters provide low power
DTL/TTL/CMOS compatibie operation. An extérnal voltage
or current reference and an operational amplifier are all that
is required for most voltage output applications.

A simplified equivalent circuit of the DAG is shown in.Figure
1, The NMOS DPDT switches steer the ladder leg currents
between 1OUT1 and IQUT2 busses which must be held at
ground potential. This configuration maintains a constant
current in each ladder leg independent of the input code.
VrerIN 10K 10K 10KQ . Ko

louTz(2)

f - . - o laur (1)
] I0K(L
.8 4 e LW\,—Q_HFEEDBACK
M5B BIT2 BIT3 (16). )
@ - (5) (6}

(Switches shown for Digital Inputs “High™
Figure 1 '

EINTERSIL

The level shifter circuits are comprisedof three Inverters with
a positive feedback from the output of the second to the first,
(Figure 2\ This configuration results in DTL/TTL/CMOS
compatible operation over the full military temperature
range. With the ladder DPDT switches driven by the level
shifter, each switch is binarily weighted for an "ON"
resistance proportional to the respective ladder leg current.
This assures a constant voltage drop across each switch,
creating equipotential terminations for the 2R ladder
resistors resulting in accurate leg currents.

v+
. _{ 2 ‘ 5 TO LADDER
PTL/TTL/CMOS, _‘
l loutz. louts

Figure 2

APPLICATIONS
UNIPOLAR OPERATION
(2-QUADRANT MULTIPLICATION)

BIPOLAR - .
ANALOG  x1gv v
INPUT

o—=l4
UNIPOLAR | MSB
BIGITAL -| AD7533
INFUT | LSB
=243

NOTES;
. 1. K1 AN A2 USED ONLY IF GAIN ADJUSTMENT IS RECUIRED.
2. SCHOTTKY DIODE CR1 (HP5082-2811 QR EQUIV} FROTECTS®
OUT1 TERMINAL AGAINST NEGATIVE TRANSIENTS.

Figure 3. Unipolar Binary Operation (2-Quadrant Multiplication)

DIGITAL INPUT NOMINAL ANALOG QUTPUT

MSB LSE IVoUuT as shown in Figure 3}
T ~Vrgr (%)
1080000001 - (%)
1000000000 ~VREr %} = V“—EEF
IIRRRRRERE: ~Veer (%)
opocanooot . ~Vegr (ﬁ)
0000000000 R

NOTES: ‘ ,
1. Nominal Full Scale for the circuit of Figure 3 is given by

o= ner (12

2. Nominal LSB maghitude for the circuit of Figure 31s given by
'
- 1
LsB' = vagr (L 4)
Table 1. Unipolar Binary Cede

BIPCLAR OPERATION
(4-GUADRANT MULTIPLICATION)

ANALOG £y v

Jours RéBk AIBK
2

NOTES: _

4. K3/R4 MATCH 0.05% QR BETTER.

2. A1, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED.

3. SCHOTTKY DIGDES CR1 AND CR2 {HP5082-2811 OR EQUIV)
PROTECT OUT1 AND OUT2 TERMINALS PROM NEGATIVE
TRANSIENTS

Figure 4. Bipolar Operation (4-Quadrant Multipiication)
DIGITAL INFUT NGMINAL ANALOG OUTPUT

MSB LsSB " IVoUr as shown In Figure 4}
PERRRERERE: Vage (%;—)
1080000001 vier  {iz)
1000000000 ki)
: ]
ARARRRRERI +VREF (ﬁ)
00C000001 =Vrer (—:%)
000000600 weer (S22}
NOTES:
1. Nominal Full Scale Range for the circuit of Figure 4 is given by
1023
FSR = Vaer ( )
512

2..Nominal LSB magnitude for the circuit of Figure 4 is given by

= vegs | <L
LSB'= Veer (512)
Table 2. Bipolar (Offset Binary! Code Table
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POWER DAC DESIGN USING AD7533

Vaer (£10V)
+15V

]

R

g
‘INTEFISIL‘L“3
AD7523 12

BIT
SWITGHES

= -5V

BINTERSIL

10K

-y 0.680

F'igure 5. The Basic Power DAG -

A typical power DAC designed for 8 bit accuracy and 10 bit
resolution is shown in Figure 5. INTERSIL 1H8510 power
amplifier ¥1 Amp continuous output with up to+25V}is driven
by the AD7533. _

A summing amplifier between the AD7533 and the [H8510 is
used to separate the gain block containing the ADT533 on-
chip resistars from the power amplifier gain stage whose
gain is set only .by the external resistors. This approach.

10-BIT AND SIGN MULTIPLYING DAC

*10V
BIFOLAR
ANALOG INPUT

T
Vrer §
;5 141,: AFa

'MSB JJoUT .
]

1188 AD7533

o—{13 2JOUT2

GND

MAGNITUDE
BITS

3
1
-

DIGITAL INPUT

=

SIGN BIT

%

INPUT SIGNAL WARNING

minimizes drift since the resistor pairs will track préperly.
Otherwise AD7533 can be directly connected to:the IH8510,
by using a 25 volts reference for the DAC. Notice that the
output of the 101A is fed into an inverting amplifier with a
gain of =3, which can be easily changed to a non-inverting
configuration. (For mare information write for; INTERSIL
Application Bulletin AD21-Power D/A Converters Using The
IFB510 by Dick Wilenken.} )

PROGRAMMABLE FUNCTION GENERATOR

CALIBRATE
10k

= 6oy —=F

+15Y 2) SQUARE
Voo NG WAVE

&

=0

2 —

§§ , e

2% |Tmss .

= 34 AD7533 TRIANGULAR

SE|jLsel . ron i WAVE

Eg N 3 SN BRG

a6 T Rt = 10k}

=} - = = Q<N={1-2-10)

Because of the input protection dicdes on the logic inputs, it is important that no voltage greater than 4V outsides the logic
supply rails be applied to these inputs at any time, including power-up and other transients. To do so could cause destructive

SCR latch-up.
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AD7541
12 Bit Monolithic

Multlplymg D/A Converters

FEATURES

+ 12 bit linearity (0.01%)

o Pretrimmed gain

© Low gain and linearity Tempcos

¢ Full temperature range operation
* Fuli input static proteciion

¢ DTL/TTL/CMOS compatible

+5 to +15 volts supply range.

Low power dissipation {20mW)
Current settling time: 1us to 0.01% of FSR
Four quadrant multiplication

883B Processed versions available

GENERAL DESCRIPTION :
The Intersil AD7541 is a monolithic, low cost, high
performance, 12-bit accurate, multiplying dlgltal to-analog
converter {DAC).

Intersil's wafer level laser-trimmed thin-film res:stors on
CMOS circuitry provide true 12-bit linearity with DTL/TTL/
CMOS compatible operation.

Special tabbed-resistor geometries {improving time
stability), full input protection from damage due to static
discharge by diode clamps to V+ and ground, large lout1
and louTz. bus lines (improving superposition errors) are
some of the features offefed by Intersil AD7541.

Pin .compatible with AD7521, this new DAC provides
accurate four quadrant muftiplication over the Full mikitary
temperature range.

FUNCTIONAL DIAGRAM

Vazi IN oK 10KD 10Kn 0K -

20K0
= &
| :
spoT )
nMos | 1 i '1' < loute (2h
gwircHss | ! |
H E t loyrs. {13
! i 1 J aEka
‘I, 3 4 . RFEEDRACK
wmSB BIT2 BIT3 (18)
) [13]) ®

(Switches shown for Digital Inputs “High™

A

PIN CONFIGURATION

TGP VIEW

tours 1) 18] Rrezpaack
lout2 E VRer IN
R EY 6] vt

8t 1 (Msey[ 7] [15] BIT 12 (L58)
sit2 5] 113} Bt 11
arra[§] 3] Bt 10
B [7] 12] BIT 9
airs (6] ELE]

eiTs [F]

{Ouiline dwg DN, PN)

ORDERING INFORMATION

Temperature Range

Nonlinearity | 0°C to +70°C|-20°C to +85°C}-55°C to +125°C

0.02% :
{11-bit) AD7541JN ARTS41AD ADTS4180

0.01% ‘
(12-hit) ADTEH KN AD7541BD AD7541TD

0.01%
(12-bit)
Guaranteed
Menotonic

AD7541LN - -

AD7HRT T 3

—_ -1 -
PACKAGE '
D — 18-PIN CERDIP DIP

N ~ 18.PIN PLASTIC DIP

NONLIHEARITY AND

TEMPERATURE RANGE
KL — COMMERCIAL 0°C TO +70°C
AB —INBUSTRIAL —-20°C TO +85°C
5,T — MILITARY -55°C TQ +128°C

BASIC PART NUMBER
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AD7541
ABSOLUTE MAXIMUM RATINGS
(Ta = 25°C uniess otherwise noted)

T e e e +17V
WREF oot teuauassnnneroiassoninioninsssinnasanss . x2sv
Digital Input Voltage Range........ e . V*toGND
Cutput Voltage Compliance +vvveevvvenn, —100mv to v+
Power Dissipation (package
(1o R (o Jn or £ 1 & N S e 450mw -
derates above +75°CBY «.evrnrrnnnn.. P EmW/~C

EINT=RSIL

Qperating Temperaiures

JN, KN, LN Versions .......c.ovvirnsernn 0°Cto+70°C
AD, BDVErsions ... .vveevinvennrnnias (=20°Cto +85°C
SD,TDVersions «.....cccovianns vene. —BB°Cto+125°C
Storage Temperature ................ -65°Cto+150°C

CAUTION 1. The digital controlinputs are zener protecied; however, permanentdamage may occur on unconnected umts underhigh energy
electrostatic fields. Keep unused units in conductive foam at all times.
2. Do not apply voltages higher than Vpn or less than GND potential on any terninal except Vrer and Ry,

Siresses above those listed under Absolute Maximum Ratings may cause permanent damage 1o the device. Theseare stress ratings only, and
functional operation of the device at these or any other conditions above those indicated in the operational sections bf the specificationg is not
implied. Exposure to absolute maximum rating conditions for exiended pericd may affect device reliability.

SPECIFICATIONS {V* = +15V, VRer = + 10V, Ta = 25°C unless otherwise specified)

TA TA
PARAMETER +25°C | MIN-MAX UNITS LIMIT TEST CONDITIONS FIG.
bC ACCURACY (Note 1)
Resolution 12 12 Bits Min
Neonlinearity (Note 2) S|J| #0020 +0.024 % of FBR Max ‘
T{K} *0.010 +0.012 % of FSR Max [ =10V < VRer < +10V 1
\ L| xoo10 +0.012 % of FSR Max | Your1 =Vourz =0V
Guaranteed Mongtonic ’
Gain Error (Note 2 ' *0.3 +0.4 % of FSR Max —10V = VREF = -+10V
Output Leakage Current (either cutput) - +50 +200 nA Max Vouri = VouTz =0
AC ACCURACY {Note 3
Power Supply Rejection Note 2) +0.01 . +0.02 %of FSR/% | Max~ =14.510 15.8V ) 42
Output Current Settling Time 1 uS Max | To 0.01% of FSR B
Feedthrough ‘Error 1 mVpp Max | VRer = 20V pp, 10 kHz. All 5
o . ! - | digital inputs low.
REFERENCE INPUT 5K Min .
Input Resistance 10K n Typ All digital inputs high.
20K Max louT1 at ground.
ANALOG CUTPUT : Both outputs.
Voltage Compliance (Note 4} —100mV to V1’ See maximum ratings.
Output Capacitance (Note 3! Cout 200 pF Max | All digital inputs high (Vinn? 4
Courz 60 pF Max
Coutt - 60 pF Max | Al digitai inputs low {Vine) 4
Coura 200 pF Max
Gutput Noise (both outputs! Equivalent to 10K Typ 3
.Johnson noisg - )
DIGITAL INPUTS
Low Btate Threshold (VINL) R . 0.8 vV ‘Max
High State Threshold (VINHY = - 2.4 .V . Min
Input Current : ) +1 CpA- Max | 'Viy=0or V*
Input Coding. . | Binary/Cffset Binary See Tables1&2 on pages4 and 5.
Input Capacitance (Note 3) 8 pF " Max
POWER REQUIREMENTS i ' ’ Aceyracy is not guaranteed
Power Supply Voitage Range +5 to +16 v over this range
* 2 A . Max | All digital inputs. high or low
Total Power Dissipation (including the 20 mw | Typ o
ladder)

NOTES: 1. Full scale range (FSR! is 10V for unipolar and =10V for bipolar modes.

2. Using internal feedback resistor, RFEEDBACK.
3. Guaranteed by design; not subject to test.

Specifications subject to
¢hange without notice.

4, Accuracy not guaranteed unless outputs at ground potentlal
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AD7541

\rnEF—‘ -5 ¥
BIT 1 (MSBjf=—b o R
i
12°BIT : | S
BiNary |
GouNTER | | 1 AD76a1
BIT 12 louTz
.
(LSB)} P2 2 J-
GND
nn dowe |
CLOCK = T
V“F_' LINEARITY
) ERAOR
| lorrs 10K 1% % 100
ol T
BIT 17 [REFERENCE L
BIT13 -
BI_T"H
L '

Figure 1. Noniinearity

+11¥ (ADJUST FOR Vour = DY)

‘F = 1kHz
BW = iHr

QUAN
TECH
MODEL
1240

15uF

M

. AD754

WAVE
B a ANALYZER

Figure 3. Noise

' +15V
VREF = 20V p-p 10kHz SINE-WAVE

BIT 1 (mse) | 17 15
4 18

ADTSN
1

1
EIT 12 (LSB)

1 JEND l

Figure 5. Feedthrough Error

EINTERSIL

A5V
: UNGRGUNDED
SINE WAVE
-GENERATOR 500K
40Hz 2V p-p A
0¥
REF - AA
(ADJUST] 1 5K 0.01%
ron (T
Vermon [BIT1(MSE)} L |ReeepEank 5K 8810
= ov.De) 18
7
! 1
i
AD7541
BIT12 |
oL L T
tsB) -
_]fun |
Figure 2. Power Supply Rejéction
415V NG 415
BIT 1 (msE)[ 17 16
4 18| RG:
ADT6A1 R .
15 2 100 m¥p-
BIT 12 (LSB) i 1 _m"z pp
- = - = =
Figure 4. Ouiput Capacitance
P
.
. HEY
o0 v Vrer - at: 5% SETTLING
. EXTRAPOLATE 9!; 0.01% SETTLING
BT 1 msg) | 17 16
+5Y 5 DSCILLOSCOPE

oV

ADT543 .

Hoomv LT

louTa

——i
BIGITAL INPUT

15 2

=]

BIT 12 (LS

Figure &, Output Current Settling Time

DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of the DAC
{ransfer function from a best straight line function. Normally
expressed as a percentage of full scale range. For a
multiplying DAG, this should hold true over the entire VRer

range.

RESOLUTION: Value of the LSB. For examplé, a unipolar
converter with n bits has a resolution of (27 (VReF). A bipoiar
converter of n bits has a resolution of [Z-(-"j[VRer].

Resclution in no way implies linearity.

SETTLING TIME: Time required for the output function of
the DAC to settle to within 1/2 LSB for a given digital input

stimulus, i.e., 0 to Full Scale.

GAIN: Ratic of the DAC!s operational amplifier output
voltage fo the nominal input voltage value. '

FEEDTHROUGH ERROR: Error caused by capacitive
coupling from VRer 10 output with ail switches OFF.

QUTPUT CAPACITANCE: Capacity from lout1 and louTz

terminals to ground.

OUTPUT LEAKAGE CURRENT: Current which appears on
lout1 terminal with all digital inputs LOW-or on loutz
‘terminal when all inputs are HIGH.
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AD7541

GENERAL CIRCUIT INFORMATION

The Intersil AD7541 is a 12 bit, monolithic, muttiplying D/A
converter. Highly stable thin film R-2R resistor ladder
network and NMCS DPDT switehes form the basis of the
converter circuit. CMOS level shifiers provide low power
DTL/TTL/CMOS compatible operation. An-external voltage

or current reference and an operational amplifier are ail that -

is required for most voltage output applications.

A simplified equivalent circuit of the DAC s shown in Figure
7. The NMQS DPDT switches steer the ladder leg currents
between ICUT1 and IQUT2 busses which must be.held at
ground pctential. This configuration maintains.a constant
current in gach iadder leg independent of the input code.
Converter errors are further eliminated by using wider metal
interconnections between the major bits and the cutputs..
Use of high threshold switches reduces the offset {leakage!
effrors to a hegligible level.

¥ h .
Vrer i 10K 10K 10K . 10K

S0DT
NMOS
SWITCHES

lputz {(2)

loum ()
10KL :
A Ao BFEEDBACK

MSB aﬁ-z aléra T {18)
# {5) &)

iol

| 1

Switches shown for Digital Inputs “High")

Figure 7. ADT541 Functional Diagram

Each cifcuit is laser-trimmed, atthe.wafer level, to better than
12 bits linearity. For the first four bits of the ladder, special
trim-tabbed. geometries are used to keep the body of the
resistors, carrying the majority of the output current,
undisturbed.. The resultant time stability of the {rimmed
circuits is comparable to that of untrimmed units.

The level shiftercircuits are comprised of three inveriers with
a positive feedback from the output of the second to the first
(Figure 8. This configuration resuits in DTL/TTL/CMOS
compatible operation over the full military temperature
range. With the ladder DPDT switches driven by the level
shifier, each switch is binarily weighted for an "ON”
resistance proportional to the respective ladder leg current.
This assures a constant voltage drop across sach switch,
creating equipotential terminations for the 2R ladder
resistors, resulting in accurate leg currents.

-

:EEL;

Figure 8, CMOS Switch

DYLTTLICMOS,
INPUT

APPBLICATIONS

General Recommendations

Static performance of the AD7T541 depends on louTt and
louTz {pin 1 and pin 2} potentials being exactly equal to GND
{pin 3%,

The output amplifier shouid be selected to have & low input
bias current (typically -less than 75nA), -and a low drift
‘depending en the temperature range). The voltage offset of
the amplmer should be nulled itypically less than +200uV).

The bias current compensation resistor in thé amplifier's
non-inverting ‘input ¢an cause a Variableé offset. Non-
inverting input should- be connected to GND with a low
resistance wire. .

Ground-loops must be avoided by taking all pins going to
GND to a common point, using separate connections.

The V* (pin 18) power supply should have a low noise level
and should not have any transients exceeding +17 volts.

Unused digital inputs must be connected to GND or Voo for
proper opération.

A high value resistor ~1MQ)} can be used to prevent static
charge accumulatmn whernithe mputs are open-circuited for
any reason. .

When gain adjustment is required, low tempco (approxi-
mately 50ppm/° C) resistors or trif-pots should.be selected.
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AD7541
APPLICATIONS, Continued

UNIPOLAR.BINARY.OPERATION .

The cifeuit ‘sonfijuration “for operating the AD7541 in
unipolar mode iis shown in Figure 9. With-positive and
negative VREF-valies the circuit is capable of 2-Quadrant
multiplication. The' “Digital ‘Input - Code/Analog Output

Value" table for unipolarmode is given-in Table 1. Sehottky

digde {HP-5082-2B11 or eguivalent} -prévents loyut:  from
negative éxcursions which could damage the device. This

precaution is- only necessary\ W|th certaln high. speed’

amplifiers;

Wiy

air1 (msa) |17 L] [—
—d 18] oK
=I5
DIGITAL | ADT5A
INPUT | 1

P U—— P
BIT 12 (LSB)

=

Figure 9. Unipolar Binary Operation’ (2-Quadrant Muitiplication)

EIN=IRSIL

Zero Offset Adjustment

1. Connect all digital inputé to GND.

2. Adjust the offset zefo adjust trimpotof the output opera-~
tional dtnplifier for OV +0.5mV (max) at' VOUT.

Gain’ Adjustrment y

1. Connect ali digital inputs to VDD.

. 2. Mohitor VOUT for-a ~VREF (- 1/212} réading.

3. To'increase VOUT, connect a series resistor, (010 500

okims}, in-the 10UT1 amplifier feedback loop.

4. To degréaseVOUT, connect a series resistor, (0 t¢ 500

ohms), between the 'réfererce voltage and the VREF

terminal. .
: . TABLE1

Code Table— Unipelar-Binary Operation

DIGITAL INPUT ANALOG OUTPUT
111111111115 “VRerF {1 - 1/212)
100000000001 —VRer (1/2 + 1/212)
100000000000 —VRerF/2
011111111111 —Vpgr (1/2 — 1/212)
000000000001 ~VRer (14212)
000000000000 - - | O -

BIPOLAR (OFFSET BINARY) OPERATION

The circuit configuration for operating.the ADY541 in the
bipolar mode is given in Figure 10. Using offset binary digital
input codes and positive -and negative referencé voltage
values Four-Quadrant multiplication can be realized. The
“Digital Input Code/Analog Output Value” table for bipolar
mode is given in Table 2,

o .
VeEr +15¥
1T 1 mse |7 186
T 18 -
IouT1
1\ 4 \
1 Al Vour
1 +
oIGITAL] AD7541
INPUT : = A1 ek
: R2 10k
WL RS 10k
i
1
! 15 2
BIT 12 (LSB)! ) loyrz
Az
Ao ;

Note: R1 and R2 should be 0, 01%, low-TCR resistors.
. Figure 10, Bipolar Operation {4-Cuadrant Multiplication)

A “Logic 1" input at any digital input forces the corres-
ponding ladder-switch to-steer thie hit curfent to IQUT bus.
A “'Lpgi¢ 0" inputforces thebitcurrentto IQUT2 bus: Farany
code the IOUT1 and IOUTZ bus currents are complements of
ofe another. The current amplifier at 10UT2 changes the
polarity of [OUTZ current and the trafiscanductance
ampiifier at.lOUT1 output sums the two currents. This.con-
figuration doubies.the output range but hatves the resolution
of the DAC. The difference current resulting at zero.offset
binary code, (IMSB = “Logic 1", All other bits = “Logic 0"); is
corrected by usmg an external resnstme dmder. from
VREF to IQUT2. - . .

Offset Adjustment

1. Adjust VReF to approximataly +10V

2. Set B4 to zero.

3. Connect all digital inputs to “Logic 17.

4. Adjust loure amplifier offset zero adjust trimpot for OV
=0.1mV at lour2 amplifier output.

. Connect a short circuit across R2.

. Connect all digifal'inputs 16 "Logic D".

. Adjust louTe ampljfier offset zero, adjust trimpot for OV
+0.1mV at louT1 amplifier output.

8. Hemove short circuit across R2.

9. Connect MSB (Bit 1) to "Logic 1" and all other bits to

“Logic 0.

~ o wm

10. Adjust R4 for OV =0.2mV at Vour.

Gain Adjustment

.1, Connect all digital inputs i¢ VDD,

2. Monitor VOUT for a VREF (1 — 1/211) velts reading.
3. To increase VOUT, connect a series resistor, (0 1o-500
ohms), in the IOUT1 amplifier feedback ioop.

"4, To decrease VOUT, connect’a Series resistor, (0 10.500

ohms), between the reference voltage and the VREF
terrminal. .
"TABLE 2
Code Table — Bipolar (Gffset Binary) Operation

- DIGITAL INPUT - ANALOG QUTPUT
117111111114 —-VRer {1~ 17211}
160000000001 - ~¥REF (1/211)
100000000000 ‘ 0 '

ORI 1T | VRep (17211)°

" 00000000001 { - VRepi1 =1/211)

000000000000 ’ VREF
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S — +15Y
Vier +10V
7 6

RFEEDBACK

BIT 1 (MEB}
BITZ

BIT 12 (LS8} o

Figure 11. General DAC Circuit with Compensation. -

" AD7S41
1

16|

Capagitor, Cg.

ROus/DIV

swpIy

e

Figure 12. AD7541 Respense with: A = Intersii 741HS

L lus/OIV -,

SW/DIV

Figure 13. AD7541 Response with: A = Intersil 2515

Cc = 15pF

BINTERSIL

| us/Biv

VDIV [ !
T TX

Figure 14. AD7541 Respense with: A = Intersil 2520

DYNAMIC PERFORMANCE

The dynamic performance of the DAC, alsodepends on the
output amplifier selection. For low speed or static applica-
tions, AC specifications of the amplifier are not very critical.
Far high-speed applications.slew-rate, settling-time, open-

-loop gain and gain/phase-margin specifications of the

amplifier should be selected for the desired perforthance.

The output impedance of the AD7541 looking inte louTt,
varies between 10k() (Rreedoack alone) and Bk(} (RFeedback in
parallel with the ladder resistance).

Similarty the output capacitance varies between the
minimum and the maximum values depending on the input,
code. These variations necessitate the use of compensation
capacitors, when high speed amplifiers are used.

A capacitorin paralle! with the feedback resistor provides the B
necessary phase compensation to critically damp the
output.

A small capacitor connected to the compensation pin of the
amplifier may be requirec for unstable situations causing
oscillations. Careful PC.board layout, mlmrmzmg parasitic
capacitances, is also vital. .

Three typical circuits and the resultant wavesorms are shown
in Figures 11 to 14. A low-cost general purpose (intersil
741HS), a low-cost high-speed (Iniersil 2515) and a high-
speed fast-settling (ntersil 2520 amplifier cover the
principal application areas.

INPUT SIGNAL WARNING

‘Because of the input protection diodes on the Idgic inputs, it is.important that ho voltage greater than 4V outside
the logic supply rails be.applied to these inputs at any time, including power-up and other transients. To do so
could cause destructive SCR latch-up.

4-157




ICL8018A/8019A/8020A

‘Quad Current Switch for
D/ A Conversion

~SIL

FEATURES

» TTL Compatibie: LOW—0.8Y
HIGH—2.0v

¢ 12 Bit Accuracy

s 40 nsec, Switching Speed

¢ Wide Power Suppiy Range

¢ Low Temperature Coefficient

APPLICATIONS:

¢ D/A-A/D Converters

-« Digital Threshold Control

© Programmable Voitage Source
® Meter Drive

o X-Y Plotters

GENERAL DESCRIPTION

‘The Intersil ICLBOM8A family are high speed precision

current switches for use in current summing digital-to-
analog converters, They consist of four logically controlled
current swiiches and a reference device on a single,
manolithic silicon ¢hip. The reference transistor, combined
with precision resistors and an external source, deiermines
the magnitude of the currénts to be summed. By weighting
the currents in proportion o the binary bit which controls
them, the total output current will be preportional to the
binary number represented by the mput logic levels.

The performance and economy of this family make them
ideal for use in digital-to-analog converters for industrial
process control and instrumentation systems.

SCHEMATIC DIAGRAM PIN DIAGRAM
. EQUIVALENT CIRGUIT ‘ -
vt [1]® ~ ia] v-
"mse [z} - 3] err 1)
L - o
) LOGIC INPUTS - |:ESUG-|1-§ BIT 2 [3] . ? LLLE (S,
BIT4 BT3 BIT2 BITA srs[a) [0 BT 3| ResisToRs
5 4 3 2 BT 4 [5] [10] BIT 4
cOMPENSATION [ E [6] [9] BASE LINE
TRANSISTOR | [7 5] outeur
T CUTLINE DWGS
. JD;.BD
,,# v e ORDERING INFORMATION ,
2 | gz |22k MILITARY COMMERCIAL
REFERENCE a1 Q2 3 TEMP RANGE TEMP RANGE
THANSISTOR ACCURACY CERDIP PLASTIC DIP
T 05 o o7 Individual Devices | .
COLLECTOR 01% ICLBO1BAMJD 1CLBO1BACPD
) - : 0.1% ICLBO19AMJD ICLBO1SACPD
o5 Yoz | Pos | Pas | Pan 1.0% ICLBO20AM.D ICLE020ACPD
BASE Matched Sets* i
.01% IGL801BAMXJD ICLB01BACXPD
0.1% ICLBO1SAMXJD - | |CLBO19ACXPD
{212 1.0% ICLBO20AMXID | |CLBOZOACKPD
: . *NOTE: Uniis ordered in equal quantities will be matched such
5 10 1 12 13 14 that the Vbe's of the 8019 will be within Z10mV of the 3018 com-
EMITTER BIT4 BIT 3w BIT2 BITY, v pensating transistur, and the Vbe's of the 8020 wili be within
TO PRECISION RESJSTORS +50mV. The IGLBO18 - X matched sets consist of one 8018, one
B0k ok 20k 10k 8019, and one 8020. The 3019 - X contains one 8019 and one 8020,
while the 8020 - X contains two 8020's. Units shipped as matched
sets will be marked with a unigue set number. :
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ICL8018A/8019A/8020A | BINTERSIL
ABSOLUTE MAXIMUM HATINGS

Supply Voltage. ..........e.0 s enamrerieranene vt e s 20\::
Logic Input Voltage ............. v areares e e 2VitoV
OUtPUE VOIAGE. .ottt i rar e VeaseLng 10 + 20V
VRAGELINE +«-vretrrsmeer N e e e e e e e e e e taaran V™ to +5V
Storage TEMPErature ... .. .ueeiiiini i inearianas —65°C to +150°C
Operating Temperature 1CLB0T8AM .
ICLBO19AM ..o -55°C to +125°C
1ICLB020AM
ICLBO1BAC )
ICLBOIBAC ... iiees s 0°C 1o +70°C
1CLBODAC : 5
Lead Temperature {soldering 10sec) ......... i Favavaainiaas e 300°C

Stresses above those listed vnder Absolute Maximum Ratings may cause permanent damage to the device. These are stréss ratings onty, and
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 10 absolute maximum rating conditions for extended periods may atfect device reliabllity.

;

ELECTRICAL CHARACTERISTICS 4.5V = V' <20V, V™ =-15V, Ta = 25°C,V @ pin 6 = -5V ‘

PARAMETER ' .CONDITION,S MIN TYP MAX UNITS

Absoluté Error .
ICLBO18A < | ViNe =50V +.01
ICLBO19A ) VinLe = 0.0V L +0.% | Y%
ICLBO20A | ' ‘ _ +7 i
Error Temperatire Coefficient : : '
ICLS018A +2 +5 ppm{°C
ICL80T9A ’ . T ox2 +25
_ICLBO20A . ] L x2 ] £50
Settling Time To = 1/2 LSB, RL = 1kﬂ ]
8.BIT 100
12 BIT . : 200 I ns
Switching Time To Turn On LSB L. %0 .. ns
Output Current tNominal) i '
BIT 1 (MSBY 1.0 ) ) mA
BITZ ‘ . 0.5
BIT 3 1 0.25
BIT 4 (LSB) ) 0.125
Zero Output Current | ViN=50V . : 10 - I 50 ‘nA
Cutput Voltage Range ‘ VBASELINE +1V +10 v

Input Coding-Complimentary Bmary
(See Truth Table) '
Logic Input Voltage © | Alout <400nA R

" (Switch ON) : s : - 0.8 v
“1" (Switch OFF) 2.0 : : :
Loglic Input Current , . .

L Vin = OV ] ’ ' -1.0 -2 mA
“1" (into dewce) L ViIN = 5V i . 0D 1. od ] .

Power Supply Rejection - I

Coyt 005 /v
V- , 0005 B

Supply Voltage Range . . .
v* 4.5 . 5 20 Y
Voo . =10 ~15 s 20 ‘

Supply Current (Vsupp = 20V}
" ' . | ‘ 7 10 mA
- ‘ _ ) o . 1. : 3 '
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iCL8018A /801 9A/ 8020A
BASIC D/A THEORY

The maforlty of dlgltal to analog converters contain the
elements shown in Figure 1. The heart of the D/A converteris
the logic controlled switching network, whose output.is an
analog current or voltage propor‘uonal to the digita! number
on the logic inputs. The magnitude of the analog output is
determined by the referencé supply and the array of
precision resistors, see fig. 2. If the switching network has a
current output, often a transconductance ampiifier is used to
provide a voltage output. :

‘ L-Tmc iNPUTS
g |
‘REFERENCE SWITCHING NETWORK
I
RESISTOR ARRAY
Figure 1: Elements of.a D/A Converter
Nominal
Qutput
Legic Input Current {mA)
0000 1.875
0001 1.750
po1t1¢e 1.825
0011 1.500
0100 1.375
0101 1.250
01160 1.125
0111 1.000
1000 0.825
1001 0.750
1010 ' 0.625
1011 0.500
1100 ‘0.375
1101 0.250
1110 0.125
1111 © 0.000

Figure'2: Truth Table -

DEFINITION OF TERMS

The resoluiion of a /A converter refers to the number of
logic inputs used to-control the analog output. For example,
a D/A converter using two quad current scurces would be an
& bit converter. If three quads were used, a 12 bit converter
would be formed. Resolution is eften stated in terms of one
part in, e.g., 256 since the number of contrelling bits is
related to total number of identifiable levels by the power of
2. The four bit gquad has sixteen different levels {see Truth
Table} each output corresponding to a partlcular logic input
word..

Note that maximum output of the quad SWItCh is1+1/2+ /4
+1/8=1-7/8 =1.875 mA. If this series of bits were continued
as1/16+1/32+1/84 ... .. 121 the maximum ottputlimit
‘would approach 2.0 mA. This limiting value is called full scale

outpiit. Thé maximum output is always less than the full:

scale output by one least significant bit, LSB. For a twelve bit
system (resolution 1 part in 4096) with a full scale output of

-

. ‘
EINERSIL
4095
10.0 volis the maximum output wauid be 3006 X 10V. Since
the numbers are extremely close for high resolutlon systems,
the terms are often used interchangeably.
The accuracy of a D/A converteris generally taken to mean
the largest error of any output level-from its nominal value.
The accuracy or absolute error is often expressed as a
percentage of the full scale output. .
Linearity refates the maximum error in terms of the deviation
from the best straight liné drawn through all the possible
output levels: Linearity is refated to accuracy by the scale
factor and output offset. If the scale factor is exactly the
nominai value and offset is adjusted to zero, then accuracy
and linearity are identical. Linearity is usually speciffed as
being within £1/2 LSB of the best straight line.
Another desirable property of D/A converter is that it be
monotonic. This simply implies that each successive output
level'is greater than the preceding ong, A possible worst case
condition would be when the cutput changes from most
significant bit (MSB) OFF, all other bits ON to the next level
which has the MSB ON and all other bits OFF, e.g., 10000 . ..
to 01111,
In applicatiors where a quad current swnch drives a
transconductance -amplifier {current to voltage converter},
transient response is almost exctusively determined by the
output amplifier itself, Where the quad output current drives
a resistor to ground, switching time and settling time-are
useful parameters.
Switching time is the familiar 10% to 90% rise time type of
measurement. Low 'capacitance scope-probes must be used
to avoid masking the high speeds that current source
switching affords. The settling time is the elapsed time
between the application of a fast input pulse and the time at
which the output veltage has settled to or approached its
final value within a specified limit of:accuracy. This limit of
accuracy should be commensurate with the resolution ofthe
DAC to be used.
Fypically, the sattiing time specification describes rowsoon
after an input pulsethe output can be rélied upon as accurate
to within £1/2 LSB of an N bit converter. Since the 8018A
family has been desiged with alf the collectors of the current
switching transistors tied together, the output capacitance is
constant. The transient response is, therefore, a simple
expenential relationship, and from this the settling time can

. be.calculated and related tothe measured rise.time as shown

in Figure 3.
Bits of |£1/2L3B Error] Number of | Number of |
Resolufion| % Full Scale | Time Consfants| Rise Times
8 2% 6.2 28
10 05% 7.6 3.4
2 01% 9.2 4.2
Rise Time (10%-90%) = 2. 2 RL Cort

Figure 3: Settling Time vs. Rise Time Resistor L.oad

CIRCUIT OCPERATION

An example of a practical circuit for the ICLB018A quad
current switch is shown in. Figure 4. The circuit can be
analyzed in two secétions; the first generates very accurate
currents and the second causes these currents to be
switched according to input logit signals. A reference
current of 125uA is generated by a stable reference supply
and a precision resistor. An op-amp with low offset voltage
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LOGIC INPUTS
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| DTHER QUADS
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Figure 4: Typical Gircuit

and low input bias current, such as the ICLBO0S, is-used in
conjunction with the internal reference transistor, Qs, to
force the voltage on the common base ling, so that the
collector current-of Qg is equal to the reference current. The
emitter current of Qg will'be the sum of the-reference ¢urrent
and a small base current causing a drop of slightly greater
than 10 volts across the 80k resistor in the emitter of Q.
Since this resistor is connected to —15V, this puts the emitter
of Qs at nearly 5V and the common base line at one VBe
more posilive at -4.35V typically.

Als0 connected to the common base line aré the switched
current source transistors-Qy throughQo. The emitters of
these transistors are also connected through weighted
precision resistors to —15V and their collector currénts
summed at pin 8. Since all these transistors, Qg through Q1o,
are designed to have equal emitter-base voltages, it follows

that all the emitter resistors will have equal voltage drops .

across them. It is this. constarit voltage -and the precision
resistors at the emitter that-determing the exact value of
switched output current. The emitterresistor of Qr is equal to
that of Qs, therefore, Q7's callector current will bie IgeF or
125uA. Qs has 40k In the emitter so that its collectorcurrent
will be twice Irer or 250uA. In the same.way, the 20k and 10k
in the.emitters 6f Qe and Qo contribute .5 mA and 1 mA to the
total collector current:

The reference transistor and four current switching -

transistors are designed for equal emitter current density by
making the number of emitters proportlonal to the-current
switched.

The remaining circuitry provides switching signals from the
logic inputs. In the switch ON mode, zener diodes Ds
through Ds, connected 1o the emitter of each current switch
transistor Q7 thru Qio, are reverse biased allowing the
transistors to operate, praducing precision currents
summed in the collectors. The transistors are turned off by

raising the voltage .on the zeners high.énough to turn on the
zeners and raise the emitters of the switching transistor. This
reverse biases the emitter base diode thereby shuiting. off
that transistor's collector current.

The analog output current can be used to drive one Ioad
directly, (1k(2 to greund for FS = 1.875V for example) or can
be used to drive a transconductance amplifier to give larget
output voltages.

EXPANDING THE QUAD SWITCH
While there are few requirements for only 4 bit D to A
convertérs, the 8018A is readily expanded to 8 and 12 bits
with the addition of otfer quads and resistor dividers as
shown in Figure 5.
To maintain the progression of binary weighted bit currents,
the current output of the first quad drives the input of the
transconductance amplifier directly, while a'resistor divider
network divides the output current.of the second quad by 16
and-the output current of the third by 236. .
e, Irota= 1x 1 +1/2+ 1/4 + 1/8)+1/16 1 +1/2+ 1/4+1/8)
+1/256 (1 +1/2+1/4+1/8)=1+1/2+1/4+1/8+
1716 + 1/32 + 1/64 + 1/128 + 1/256 + 1/512 +
1/1024 + 1/2048,
Note that each current switch is operating at the same high
speed current levels so that standard 10k, 20k, 40k and 80k
resistor networks can be used. Another advantage of this
technique is that since the current outputs of the second and
third quad are attenuated, so are the errors they contribute.
This allows the use of less accurate switches and resistor -
networks in these positions; hence, the three accuracy
grades of .01%, 0.1%, and 1% for the 8018A, 8019A and -
8020A, respectively. It should be mnoted that only the
reference transistor on the. most significant quad is
required to set up the voltage on the commén base line
jeining the three sels of switching iransistors (Pin 9).
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Figure 5: Expanding the Quad Switch

GENERATING REFERENCE CURRENTS —
ZENER REFERENCE

As mentioned above, the BD18A switches currents
determined by a constant voltage across the external
precision resistors in the emitter of each switch. There are
several ways of generating this constant voltage. One of the
simptest is shown in Figure 6. Here an external zener diode is
driven by the same current source line used to bias internal
Zener Dyy.

BIT a4 BIT 3 BIT 2 BIT1
5 4 3 2

B8
o lout

—|——TC
OTHER
QUADS

L
1ov’$ B0k 4k .20k 10k

-15v
Figure &6: Simple Zener Reference

.The zener current will be typically 1 mA per quad. The
compensation transistor Qs is connecied as adiode in series

with the external zener. The Vee of this trarisistor wilf

approximately match the VBe's of the. ¢urrent switching
transistors, thereby forcing theexternal zenervoltage across
each of the external resistors. The temperature coefficient of

.

the external zener will dominate the temperature
dependence of this scheme, however using a temperature
compensated zener minimizes this problem. Since Qs is
operating at a higher current density than the other
switching transistors, the temperature matching of Vee's is
not optimum, but should be adequate for a simple 8 or 10 bit
converter.

The B018A series is tested for accuracy with 10V reference
voltage across the precision resistors, implying use ofa 10
volt zener. Using a different externai zener voltage will only
slightly degrade accuracy if the zenervoltage is above 5 or 6
volts.

When using other than 10 volt reference, the effects on logic
thresholds should also be noted (see-logit levels below). Full
scale adjustment can be.-thade at the output amplifier.

PNP REFERENCE

Another simple reference scheme is shown in. Figure 7. Here
an external PNP transistor is usedto buffer a resistor divider.
In this case, the —15 volt supply is used as a reference.
Holding the V™ supply constant is not too difficutt since the
B018A is.essentially a constant current Joad. In this scheme,
the internal compensation transistor is not-necessary, since
the Ve matching:is provided by the emitter-base junction of
the external transistor. A small pot in serias with_the divider
facilitates full scale output adjustment. A capacitor from
base to collector of the external PNP will lower output
impedance and minimize transient effects,

FULL COMPENSATION REFERENCE

For high accuracy, low drift applications, the. reference
scheme of Figure 4, offers excellent performancs. In this cir-
cuit, a high gain op-amp compares two currents. The first is a
reference current génerated in Rs by the temperature com-
pensated zener and the virtual ground at the non-inverting op-

amp input. The second is the collector currfent of the

reference transistor Qs, providéd on the quad switch. The
output of the op-amp drives the base of Qg keeping its
collettor current exactly equal to the reference current.
Since the swm:hmg transistor's emitter current densities are
egual and since the precision resistors are proportional, all
of the switched collector currents will have the propervalue.
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Figure 8
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The op-amp feedbatk loop using the internal refarence
transistor will maintaln proper currents in spité of Vg drift,
beta drift, resistor drift and changes in V™.Using this circuit,
temperature drifts of 2 ppm/2C are typical. A discrete diode
connected as shown will keep Qs from saturating and
prevent latch up if V™ s disconnected. ]

in any reference scheme, it i5 advisable to -capacitively
decouple the common base iine to minimize transient
effécts. A capacitor, .001uF to 1xF from Pin 9 to analog
ground is usually sufficient. .

IMPROVED ACCURACY :

As afinal note on the subject of setting up reference levels, it
should be pointed cut that the largest contributor of error is
the mismatch of Veg's of the current switching transistors.
That is, if all the VeE's were identical, then all precision:
resistors would have exactly the same reference voltage
across them. A one millivolt mismatch compared with ten
volt reference across the pracision resistors will cause a.01%
arror. While decreasing the reference voltage wili decrease
the accuracy, the voliage can be increased to @chieve better

than .01% accuracies. The veltage across the emitter

resistors can be doubled or tripled with a proportional
| increase in resistor values resulting in improved absolute
accuracy as well as improved temperature drift performance.
This technique has been used successfully to implementup
to 16 bit D/A converters.

PRACTICAL D/A CONVERTERS

The complete circuit for a high performance 12 bit D/A
converter is shown in Figure 8. This circuit uses the “full
compensation reference” described above to set the base
fine drive at the proper level, the temperature compensated
zener is stabilized using an op-amp as a regulated supply,
and the circuit provides a very stable, precise voltage
reference for the D/A converter, The 16:1 and 256:1 resistor
divider values are shown for a straight binary system; for a
binary codéd decimal system the dividers would be 10:1 and
100:1 (BCD is frequently encountered in building program-
mable voltage 'sources).

The analog output curreént of the 8018A &urrent switches is
converted 10 an output yoltage using the 8017 as shown. The
output amplifier must have low input bias current (small
compared with the LSE current), low ofset voltage and offset
voltage drift, high slew rate and fast settling time. The input
compensation shown helps improve pulse response by
providing a finite impedance at high frequencies for a point
that is virtual ground at DC. :

An alternative bias scheme is shownin Figure‘! 9. In this case, .

the bias at the common base line is fixed by inverting op-amp
A4, the gain of which is adjusted to give —5.0 volis at the

. emitter of the reference transistor. With the bias at the com-
mon base line fixed, the regular circuit of As uses the internal
reference transistor and drives the bus connecting all the
precision resistors. This isolates the precision resistors from
V™ fluctuations. Zener Ds and constant current source Ch
keep, the regulating 8008 op-amp in mid-range. There are
several alternative bias schemes depending on power
aupplies available. If —20 volts is used for V7, the boitom of
the precision resistor will be at—15 and operation wilt be the
same as the standard gircuit. If only —15V is available for V™~
the gain of the output transconductance amplifier can be
increased by 30% to allow use of asmaller switghing currents
with 7 valts across the precisicn resistors.

~

BINTERSIL

MULTIPLYING DAC

The circuit of Figure 9 is also convenignt to use as a one
quadrant multiplying D/A converter. In & multiplying DAC,

the analog output is proportional to the product of a digital

number and an analog signal. The digital number drives the
logic inputs, while the analog signal replaces the constant
reference voltage, and produces a current to set up the
reguiating 8008 op-amp. To vary the magnitude of currents
being switched, the voltage across ali the 10k, 20k, 40k and
80K resistors must be meduiated according to the analog
input. An analog input of 0 to +10 volts and an-BOK resistor at
the input to the 8008 will fulfill this requirement.

CALIBRATING THE 12 BIT D/A CONVERTER

1.- With all.logicinputs high tones) adjust the output amplifier
offset for zero voits out.

2. Put in the word 0000 1111 1111 (Quad 1 maximurm output
Quad 2 and 3 off} and adjust full scale pot for Vo of 15/16
(10V) where full scale output is to be 10 volis.  ~ '

3, Putintheword 111100001111 and trim the Quad 2 divider
for Vo-of 15/256 (10V). This adjustrment compsnsates for
VBE mismatches between guads although matched sets
are available (see data sheet).

4. Putintheword 111111110000 and trim the Quad3 divider '
for Vo of 15/4096 (10V). '

5. Finally, with all bits ON falt 0's} readjust the full scale

. factar pot for
Vo = 4085/4096 (10V)

SYSTEM INTERFACE REQUIREMENTS

Using the B018A series in practical circuits requires
consideration of the following interface requirements.
Logic Leveis: The 8018A is designed to be compatible with
TTL, DTL and RTL logic drive systems. The ene constraint
imposed an the external voltage levels is that the emitters of
the conducting current switch transistors bein the vicinity of
-5V this will be the same as the voltage on Pin & if the
reference transistor is used. When using other than -5V at
Pin 8, the direct bearing on- lagic threshold should be
considered.

Power Supplies: One advantage of the ICLBOTBA is its
tolerance of a wide range of supply voltage. The positive
supply voltage need only be large enough {greater than
+4.5V to keep Q11 out of saturation, and the negative supply
needs to be more negative than —10V to ensure constant
current operation of Q2. The maximum suppiy voltage of
+20V is dictatéd by fransistor breakdown voltages. Lt is often
convenient to use =15V supplies in sysiems with op-amps
and other 1.C.’s. These supplies-tend to be better regulated
and free'from high current transients found on supplies used
to power TTL Logic. As with any high speed circuit, attention
to layout and adequate power supply decoupling will
minimize switching effects.

Ground: High resolution D/A, e.g., 12 bits require fairly large
logic drive currents. The change from all bits ON to all bits
OFF is a considerable change in supply current being
returned to ground. Because of this, it is usually advisableto
fnaintain separate ground points for the analog and digital
secticns. ’

Resistors: Each quad curfent switch requires a set of
matched resistors scaled proportional to their binary

" currents as R; 2R, 4R and 8R, For a 10V resistor voltage drop

and “2 mA” full scale output current, resistor values of 10k, -
20k, 40k and BOk are convenient. Other resistor values can be
used, for example, to increase total output current. The
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individual switched cUrr_ehts‘can'be increased up to 100% of *Resistor Ladder Networks are manufactured by the
their nominal values. The overall accuracy of the complete following companies:

D/A converter depends on the accuracy of the reference, the Micro Networks Corporation

accuracy of the quad current switch and tolerance of resistor 5 Barbara Lane

-atching. -Bécause of the binaty prograssion of switched- Worcester, Massachusetis 01604

currents, the tolerance of 80k/10k match can be twice that of Tel. 617) 756-4635

the 40k/10K which, in turn, can be twice the tolerance of the
20k/10k ratio and still have equal output current errors. The
current dividers between guads allows use of less well
matched sets of resistors further along in the D/A just as it
allows use of .01%, 0.1%; and. 1% accurate quad current

Allen-Bradley Corpany
1201 S. Secend Street
Milwaukee, Wisconsin 53204
Tel. (414) 673-2000

switches. There are several manufacturérs producing the Hycomp, Ine.
comp[ete precision resistor networks-required to implement 146 Main S_t_ree,t - .
up to 12 bit D/A converters Cantact Intérsil for additlonal. Maynard, Massachiusefts' (01754
information.* Tel‘. (ﬁ?!?! 89774578
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For further information see the following Applications Bulletins.

AQ16 “Selecting A/D Converters” by Dave -Fuliagar.
A018 “Do’s and Don’ts of Applying AID Converters” by Peter Bradsfiaw-and Skip Osgoed.
AC20 "A Cookbook Approach to High Speed Data Acquisition and Mmroprocessor lnterfacmg" by Ed Sliger..
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FEATURES ‘

e 16 bit binary three-state latched outputs plus

polarity and overrange, Also 14 and 12 bit versions.

Ideally suited for interface to UARTS,

microprocessors, or other complex circuitry.

o Conversion on demand or continuously.

+ Handshake byte-setial transmission synchronously
or on demand.

¢ Giuaranteed zero reading for zero volts input.

e True polarity at zero count for precise null detection.

Single reference voltage for irue ratiometri¢

operation, '

Onboard clock and reference.

Auto-Zero; Auto-Polarity ' K

Accuracy guaranieed to 1 count.

All outputs TTL compatible.

+10V apalog input range

Status signal availabie for external sync, A/Z in

preamp, etc.

PIN CONFIGURATIONS

ICL8052/ICL7104

and ICL8068/ICL7104
16/14/12 BitBinary A/D

Converter Pairs for uProcessors

GENERAL. DESCRIPTION

The ICL7104, combined with the |CL8052 or ICLB06S, forms
a member of Intersil's high performance A/D converier
tamily.. The 18-bit version, the |CL7104-16, performs the
analog switching and-digital function for a 18-bit binary A/D
converter, with full three-state output, UART handshake
capability, and other outputs for a wide range of output
interfacing. The ICL7014-14 and ICL7104-12 are 14and12-
bit versions. The analog section, as with all Intersil's
integrating converters, provides fufly precise Auto-Zero,
Aiuto-Polarity (including +0 nul) indication}, single reference
operation, very high input impedance, true inputintegration
over a constant period for maximum EMI rejection, fully
ratiometric operation, over-range indication, and a medium
quality buiit-in reference. The chip pair aiso offers optional
input buffer gain for high sensitivity applications, a built-in
clock oscillator, and output signals for providing an external
Auto-Zero capability in preconditioning eircuitry, synchro-
nizing external multiplexers, etc.

- INTEGRATOR Vot 1 ~ T wh v
1
h BiE 4] our DIG GND 2 »nf coMP IN
. OMP] ©STTS 0= [l REFCAP|1
COMP : 73| BUFPER POL. * @ |1 VREF
ouT {-IN} O.R. 5 #il AZ |
. BIT 16 & 15[} ANALOG GND
REF 1= & INTEGRATOR BIT 15 7 [ REFCAP|2
cap {+IN) BIT 14 L] 3 0 BUF IN
' BIT 13 ICL7104 s ICL7104 220 ANALOG I/P
REF El INTEGRATOR BIT 12 - w =12 v+
PASS: (=it BIT 11 " u [l CELD |
] BIt 10 2 ] SEN |
BUFFER BIT 9 1 a0 RH
GND [5] fvaer 18 Gy BIT 8 " r {1 MODE
k . BIT T 5 =[] CLOCK:2
REF -{g] BUFFER Bl;g ® 2 [ CLOCK 1
ouT ouT BI ” LA | EEERE
| 8052-8068 BIT 4 1 = 3} NOTE Ewm
REF 7 3 v+ BIT3 i =21 TBEN [z [WgEn| aBen |
SUPPLY BIT 2 20 20 BIT
(OUTLINE DWGS DD,JD,PD} (OUTLINE DWGS DL,JL,PL).
ORDERING INFORMATION
Part Temp. Range Package Order Number Part Temp. Hange | Package Order Number
| 8052 0°Cto 70°C | 14-Pin Plastic DIP | ICLBOS2CPD 7104 12-Blt 0°Cto 70°C | 40-PIn GEADIP ICL7104-12CJ1
8052 0°G to 70°C | 14.Pin Ceramic D'P | |CLBO52CDD 7104 12-Bit | 0°C'to 70°C | 40-Pin Plastic DIP ICL7104-12GPL
80524 0°C to 70°C | 14-Pin Plastic DIP ICLB0S2ACPD 7104 12-Blt 0°C'to 76°C | 40-Pin Ceramlc DIP | 1CL7104-12CDL
| 8052A 0°C 1o 70°C | 14-Pin Geramic DIP | |CLBOS2ACDD 7104 14-Bit 0°C 10 70°C | 40-Pin CERDIP ICL7104-14GJL
8068 0°G 1o 76°C | 14-Pin CERDIP ICLEOBECJD 7104 1484 | 0°C 1o 70°C | 40-Pin Plastic DIP ICL7104-14CPk
B0BBA 0°G 10 70°C | 14-Pin GERDIP |CLB0BBACJD 7104 148}t | 0°Cto70°C | 40-Pin Ceramic DIP | ICLT104-14CDL
7104 16.Bit 0°C to 70°C | 40-Pin CERDIP ICL7T104416CJL
7104 16-Bit -} 0°C to 70°C | 40-Pin Plastic P SCLT104-16GPL
7104 16-8it 0°C to 70°C | 40-Pin Ceramic DIP | ICL7104-16CDL

-

4-166



8052/7104 B8068/7104

SYSTEM ELECTRICAL CHARACTERISTICS: 8068/7104
=-~-15V Clock _Frequency = 200KHz

Vs = +18Y, V4 = +5V, V-

INTERSIL

BOGBA/7104-16

BOGBA/T104-12 . BDGBA/7104-14
CHARACTERISTICS CONDITIONS MIN TYP | MAX MIN TYP MAX MiN TYP MAX UNITS
Zerc Input Reading Vn=04av .. -.000 +.000 +000 | ~0.0000 | %0.0000( +0.0000 [ —0.0000 | £0.0000 | +0.0000 | Hexadecimal
Full Scale = 4,000V ] [ Reading
Ratiometric Reading (1! ) | Vin = Vref, . TFF 800, a0 1FFF 2000 2001 TFFF 5000 8001 | Hexadecimal
- . Full Scale'= 4.000V ' ’ ' ' [ Reading
Linearity over + Full Scale ' 7
terror of reading from —4Y = Vin £ +4V 0.2 1 0.5 1 0.5 1 LsB
best straight line} _
Differential Linearity
difference between worse  [—4Y S Vin S 14V i3] .01 .0 LSB~
case step of adjacent counts ]
and fdeal step ]
Rollover error (Difference i |
reading for equal positive & [~Vn = +Vip = 4V 0.z 1 0.5 1 0.5 1 LSB
negative voltage near full
seale) - . .
Noise (P-P vaiue not Vin =0V d
exceeded 85% of time! Full scale = £.000v 3 -2 . : 2" ¥
Laakage Current at Input 12) {Vin = 0V 200 265 100 165 100 165 pA
Zero Reading Drift Vin = OV 1 5 0.5 2 s b2 uV/iPC
00, Ta = 70°C .
Scale Factor Temperature (31| Vi = +4V
Coefficient 0= Ta=50°C 2 5 2 5 2 5 pem/*C
fext. ref. 0 ppm/°C)
SYSTEM ELECTRICAL CHARACTERISTICS: 8052/7104
(Vor = +18Y, Vi = 45V, V. = =15V Clock Frequency = 200KHz
: - 8052/7104-12 8052A/7104-14 8052A/7104-16 .
CHARACTERISTICS CONDITIONS MIN TYP MAX MIN | TYP MAX MIN | ° TYP MAX _UNITS
Zero Input Reading * Vin = 0.0V =000 =000 +.000 | -0.0000 | £6.0000 | +0.0000 | ~0:0000°f +5.0000 [-+0.0000 | ‘Hexadecimal'"
Full.$cale = 4,000V ) N ) Reading
Ratiometric Reading ES). Vin = Vief, 7FF 800 -801 1FFF 2000 | 2001 TFFF 8000 8001 Rexadecimal
i Full Scale = 4.000v : T | Reading
" Linearity over = Full Scals ] : non R | ,
ferror of reading from ~A4V S Vi S H4V- 8.2 1 a5 [ 1 0.5 1 LS8
best stralght line} T
Diffarertial Linearlty y v |
Hdifference between worse . |-4V £ Vin € 44V 010 W0 a1 _JLSB
case step of adjacent counts. '
and ideal step) o
Rollover error {Difference Tn \ .
reading for equal positive & |-Vin = +Vin = 4V 0.2 1 05 T 0.5 1 LSB
-negative-voltage rear full :
scale)
Noise (P-P value not Vin = OV
exceeded 95% of time} - 20 . . i
Full scale = 4.000V 50 30 . 30
Leakage Curréntat Input (81 (Vin = 0V 30 80 20 30 20 20 A,
Zero Reading Drift Vin = OV 1° ) as | & 05| 2 levlC
) 0° = TA<70°C ’
Scals Factor Temperature Vin = -4V . N
Coetficiant 0L TS 70°C ) S5 -2 5 2 5 ppm/°C
text. rgf. 0 ppm/~Cl o

Note 1:

Tested with low dielectric absorption intégrating apasitor:

Note 2:  The input bias currents are junction leakage currents which approximately double for every 10°Ci mcrease in the junction tempera-
fure, Ty, Due to limited production test time, the-input bias-currents are-measured with -Junctichg-at-ambient temperature. In normal
operation the junction temperature rises above the ambient femperature as & result of internal power dissipation, Pd. Ty=Ta +8jA Pd
where 6]A is the thermal resistance from junction to-ambient. A.heat sink.can bé used.to reduce temperature rise.

Note 3:

high temperature Ieakage of the 8068, See note 2 above.
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GONVERT
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CONVERT

MODE CEAD R/A

&R
CONVERT POL
CONTROL .
— : e M8B ’
x ! os2A/ BOS2A/
= 80684, 164 BOBBA

80524/
£060A

MODE R/H
oR
“POL
)
7104
16

Lsa

CE/LG ABEN MBEN_LBER

amerittees

TT L

LSB

=i
=
= |

ABEN WBEN LBEN |

MORE OEAD  R/H
OR
POL

M8
T84

_T_:)

Lss

HBEN WBEN 1BEN

CONTROL
CONYERT

o

D

MODE ER/k0 -A/H

AC CHARACTERISTICS (V++ = +15V, V+ =45V, V- = —15V)

CE/LD
AS INPUT

HBER
AS INPUT

MEER
AS INPUT
CBEN
ASINPUT

HIGH BYTE
DATA

MIDDLE BYTE
ENABLE

LOW BYTE
ENABLE

Ty

P
T ke

i T or CHIF SELECT 2

OR

POL

Fuil 18 Bit Three State Output

CHIP BELECT 1

80524/ nse

80E8A s

CONTROL

1.,

)

HBEN MBPEN LBEN

' CONTROL

\

e \\\\\\Y\\\\ |

Various Combinations of Byte Disables

g

N iy \
Xy RN A \\\

DATA
VALID

— P o s

-] tane

DATA
VALID

DATA
VaLID |

= HIGH IMPEDANCE

* TABLE 1: Direct Mode Timing Requirements {Nate: Not tested in preduction)

| symeoL |  DESCRIFTION MIN TYP | MAX | UNITS
toea XBEN Min. Pulse Width | 400 300
Data Access Time
tdan from XBEN' 300 400
’ | Data Hold Time
tano | from XBEN . ] 200 | 250 ns'
toon CE/LD Min, Pulse Width] - 450 | 350
Data Access Time
teac from CE/LD 350 450
Data Hold Time .
tane from CE/LD 280 350
Yewh CLOCK 1 High Time 1250 | 1000
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TABLE 2: Handshake Timing Requirements

. EINTERSIL

. CLOCK 1 {PIN 25)

EITHER:
MODE PIN.
OR:

INTERNAL LATCH

e towhaet

LN

NAME DESCRIPTION MIN TYP MAX UNITS
trow MODE Pulse {minimum) 20
tsm MQODE pin set-up time - —150
tme MODE pin high to low Z CE/LD high delay 200
tmb MODE pin high to XBEN low Z thigh! delay 200
teol CLOCK 1 high to CE/LD low delay 700 ns
tcen CLOCK 1 high to CE/LD high delay. 600
bl . CLOCK 1 high to XBEN low delay 900
 tebn CLOCK 1 high to XEEN high delay . 700
togh | . CLOCK t high to data enabled delay 1100
teal CLOCK 1 low t6 data disabled delay’ 1100
tag Send ENable set-up time -250
tobz | CLOCK 1 high to XBEN disabled delay 2000
tcez CLOCK 1 high to TE/LD disabled delay 2000
teiwn CLOCK 1 High Time 1250 1000

X

ST
F)

o —————

PULSE IF MODE “HI", g . ¥
IGNQORED
. UART
INTERNAL MODE .
NORM i
[ tooh

CELD

FEEXP"I'ERNAI; SIGNAL)
FBEN
O/R,POLO1-14

iBEN

BITS 1-5

":Ifi_ ' r... T
L . . — |
. —tme . ( EXT E_X_T’ ‘ . tooz
DON'T GARE/ S\ \.._5 j \ 5 7 \ DONT CARE-
L
- ftme ) . y -
HEg : | - = Y Sy s
t ' -~ teol o - tebsh Aotz |m—
H 7, - R L . . i
L DATA VALID, STABLE y
= |:—|cdn i == tedl
H ’ — i — _—
P, B \ /‘\_1...__.1._.
L _ v
. / ; = \
‘5 { DATAVALID, STABLE )

HANDSHAKE MODE TRIGGERED BY »wewsQRm——
~14, -12 BIT VERSION SHOWN

THREE-STATE =wem
-16 HAS EXTHA (MBEN) PHASE

Timing- Relationships In Handshake Mode
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TABLE 3:_Pin Assign_ment and Function Description

. EINTERSIL

4172

PIN [ SYMBOL | OPTION DESCRIPTION PIN SYMBOL DESCRIPTION
1 Vit - Posi!ive Supply Voltage 25 | CLOCK1 [ Clock input. External clock ar oscillator,
Nf:r?unaily +15V 26 | CLOCKZ Clack outpui. Crystal or RC oscillator:
2 |- @ND Digitai Ground .0V, ground 21 | MODE Input LO;Direct output mode where
return _ CE/LD, RBEN, MBEN, and LBEN act as
3 | §TTS STaTus output .HI during inputs directly controlling byte outputs.
Integrate and Deintegrate It pulsed HI causes immediate entry into
until data is latched .LO handshake mode isee Figure 9.
when analog section is in | 1 HI, enables TEFLR, ABEN, MBEN, and
Auto-Zero configuration. [BEN as outputs. Handshake mode
4 POL POLarity, Three-state out- - will Be entered and data output as in
pul. HI for positive input. . Figures 7 & §-at conversion completion.
=] OR | OverRange. Three-state 28 R/H Run/Fold; Thput Hl-conversions-con-
output. | tinwously performed every 217 (-16)
8 BIT 16 =T 235 (~14).or 213 (~12) clock pulses.
| BT 14 -14 .| (Most signiticant bit | Input LO-zonversion in progress
BIT 12 —12 completed, converter will stop in
7 BIT 15 16 Auto-Zero 7 counts befora input integrate,
BIT 13 -14 29 SEN Send-ENable: Input controls timing
BIT 11 —12 of byte transmission in handshake
8 BIT 14 16 _ _ Tode._HI‘indiEate_s ‘send".
BIT 12 -14 a0 CE/LD Chip-Enable/LoaD. With MODE (pin 27)
BIT 10 12 LG, CE/LD serves as a master output
9 — enable; when HI, the bit outputs and
gﬁ ]“:’ _12 POL, OR are disabled. With MODE HI,
: pin serves as a LoaD strobe (-ve
BIT 9 —12 X !
going} used in handshake mode. See
10 BIT 12 -16 Figures 7 & 8,
BIT 10 —14 Data Bits, Three-state — n
ng =12 outputs. See Table 4 for # i E‘;“:n'ti';z”"of:vsur)ply voliage.
tormat of ENabtes and YoV, -
11 BIT 11 -16 bytes. az AN.IN ANalog INput. High stde.
BIT 9 -14 HIGH = true. a3 BUF IN BUFfer INput fo analog ¢hip
ne =1z ' . (ICLBO5Z or ICLBOGB)
12 BIT 10 =16 34 REFCAPZ | REFerence CAPacitor (negative side)
ne -4 35 AN.GND. ANalog GrouND. Input low side and
ne —12 reference low side.
13 | BITS -16 36 | AZ Auto-Zero node,
ne “1‘2" 37 | VREF Voltage REFerence input (positive side)
— g‘I’T - 38| REFCAP1 | REFerence GAPacitor (positive side)
5 i 39 COMP-IN COMParator INput from 8052/8068
40 Vi) Negative Supply Voltage. Nominally —=15V.
6 BT S . egative Supply g inally
17 BIT S
18 | BIT4
19 | BITS '
20 | BiT2 .
21 BIT 1 Least significant bit
22 | LBEN ‘Tow Byte ENable. If not in
handshake maode (see pin 27)
when LO (with TE/LD, pin
[ 30} activates iow-order
byte dutputs, BITS 1-8
When in handshake mode -
(see pin 27}, sérves as a SED
. FABEN | MBEN | LBEN
. | low-byte flag output. See 7104-16 [POL]O/R [ B16]815 [B14 B3] B42 [B11[B10] Be | Ba | B7 | 66| B5] B4 B3] BZ | BA
| Figures 8,9 and 10. s e -
MBEN -16 Mid Byte ENable, Activates 7104414 oL GAJEHE B5 | B6 | B7 [B6 [ B5 | B[ B3 | 62| BT
.BITS 8-16, see LBEN (pin 22} 710412 -E!E! BS | BE B85 BS | B4 | B3 | B2| B1
23 HEBEN -14 High Byte ENable. Activates ' ._
-12 BITS 9-14, POL, OR, see TABLE 4: Three-State Byte Formats and ENable Pins.
- LCEEN (pin 22 :
RABEN —18 High Byie ENable. -
Activates POL, OR, see .
LBEN {pin 22).
24 CLOCK3 -14 | RC oscillator piri. Can be
-12 used-as clock ouiput.
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Fig. 1 shows the functional block diagram of the operating system. For a detailed explanation, refer to fig. 2 below. .
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REF REF - +18v 5V —15¢ CLOCK CLOCK STTS
~

Figure 1: 5052A £8068A3ﬂ1d4 16/14/12 Bit A/D Converter Functional Block Diagram

DETAILED DESCRIPTION

Analog Seciion ’ .

Figure 2 shows the equivalent Gircuit of the Analog Section determined by the clock frequeney: 131,072 for —16; 32,368
of both the ICL7104/8052 and the ICL7104/8068 in the 3 for —14; and 8092 for —12 ¢lock periods per cygle (see Figure
different phases of operation. If the Run/Hold pinis leftopen conversion timing).

or tied to V+, the system will perform conversions at a rate

AN
1iP
3

(=T

AnF | INTEGRATOR COMP.

BUFFER

ZERQ .
| CROSS. D afF—
DET: 7ERO

CROSSING

FF

CL

POL Tob

Figure 2A: Phase | Auto-Zero
1. Auto-Zero Phase | Fig. 2A .

During Auto-Zero, the input of the buffer is shorted to the loop is to charge the Auto-Zero capacitor until the
analog ground thru switch 2, and switch 1 closes a leop integrator output no longer changes with time. Also,
around the integrator and comparator. The purpose: of switches 4 and 8 recharge the reference capacitor to VReF.
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Cl INT.
INTEG RATOR

AN
IR

}-

BINTERSIL

"poL - af—>poL
FF
cL

ZERQ A\
CROSS. _) — o aj—
DET. ZERO

CROSSING
FF k
tL-
POL cL

Figure 2B: Phase || Integrate Input

2. Input Integrate Phase Il Fig. 2B

During input imtegrate the Auto-Zero loop is opened and

the analog input is connected to the buffer input thiu
switch 3. (The reference capacitoris still being charged to
Vrer during this time.) If the input signal is zero, the buffer,
integrator and comparator. will see the same voltage that
‘existed in the previous state (Auto-Zero). Thus the

+ AN A AN C\NT

I/P .
RUFFER
3{

RiNT INTEGHATDH

-
is

integrator output will nct change but will remain
stationary during the entire Input Integrate cycle. If Vin is
not equal to zero, an unbalanced condition exists
compared to the Auto-Zero phase, and the integrator witl
generate a ramp whose slope is proportional to Vin. At the
end of this phase, the S|gn of the ramp is latched into the
_polarltv F/F.

COMP.

ZERD .
A3 CROSS, D o—
DET. ZERD

CROSSING
FF

CL

1

CREF

POL ‘ cL

Figure 2C: Phase 111 + Deintegrate

Deintegrate Phase Ill Fig. 2C & 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 +VRer to be applied to the
buffer input via switches 6 and 9. Thus, the: reference
capacitor generates the equivalent of a i+} réference or 2 (=)
reference from the single reference voltage with negligible

- AN
P

ClNT

INTEGHATOH

ph
l

efrror. ‘The reference voltage returns the output of the
integrator to the zero-crossing point established in Phase |.
The time, or number of counts, required to do this is propor-
tional to the input voltage. Since the Deintegrate phase can
be twice as long as the Input integrate phase, the input
voltage required to give a full scdle reading = 2VReF.

Note: Once a zerd crossing is detected, the system
automatically reveris to Auto-Zero phase for the leftover

‘Deintegrate time (unless Run/Hold is manipulated, see Run/

Hold Input in detailed description, digital section).

COMP.

- ZERC
a3 CROSS.
. DET.

)::::>___ ° a
ZERO

CROSSING
FF

CL

1

Figiure 2D: Phase Il - Deintegrate

POL CL
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Buffer Gain

At the end of the auto-zero interval, the instantaneous noise
voltage on the auto-zero capacitor is stéred, and subtracts
from the input voltage while adding to the refefence voltage
during the next cycle. The result is that this noise voltage
effectively Is somewhat graater than the input naise voltage .
of the buffer itself during integration. By intreducing some
voltage gain into the buffer, the effect of the auté-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 t¢ be handled by the auto-
zero loop, and reduces the available buffer and integrator
swings, without improving the noise performance of the
system. The circuit recommended for daing this with the.
|CLBOGB/ICLT104 is shown in Figure 4. With careful fayout,
the circuit shown can achieve effective input noise voltages
on the order of 1-2uV, allowing full 16-bit use with full scale
inputs of as low as 150mV. Note that at this level, thermo-
electric EMFs between PG boards, IC pins, etc., due o local
temperature changes can be very troublesome. For further
discussion, see App. Note A030.

¢—=-

|
coMP.” |comp
lout
P g

TE LTI

Figure & Adding Butfer Gain to ICL80GS

Table 5: Typical Componént Values

V4+ = +H18Y, V4 = BV, V- = —15V, Clock Freq = 200 kHz

_ICLB052/8068 with ICL7104-16 ICL7104-14 ICL7104-12 UNITS
Full scale Vin - 200 800 | -4000 100 | 4000 50 - 4000 mv
-Butfer Gain 10 1 1 10 1 10 1
RINT _ 100 43 200 47 | 180 27 200 k0
Cint 33 33 | 383 01 01 | 02 022 | - uF
Caz . 1.0 1.0 1.0 1.0 | 10 A7 AT . uF
Cret ) ! 10 1.0 1.0 10 1.0 4.7 4.7 uF
" VREF 100 400 2000 50 2000 25 200 - mv

* Resolution 3.4 12 &1 6.1 244 - 12 280 uV

1CL8052 vs 1CL8068

The ICL80S2 offers significantly lower input leakage
currents than the IGLB068, and may be found preferable in
systems with high input impedances. However, the ICL8C068
has substantially lower hoise voltage, and for systems.where
system noise is a limiting factor, particularly in Tow signal
level conditions, will give better perfarrmance.
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POLARITY
DETECTED

INTEGRATOR | |

o
- BINTERSIL

ZERO CROSSING

c OCEURS .
)\ ZERO CHOSSING \ :
QUTFUT |_ | i DETECTED
PRSS— ‘

|-'—AZ PHASE 1

INT PHASE Il

DEINT PHASE III—'J“—AZ—'
seremwa us0x LT "LTLML, LALLM ,J'LJ'LI'I_I'LI"
}

INTERNAL LATCH l

STATUS OUTPUT B

NUMBER OF COUNTS TO ZERD CNOSSING/
PROPORTIONAL TO Vin

\
|
!
II o
iy I

\AFTER' ZERO CROSSING,
ANALOG SECTION WiLL
BE IN AUTOZERG

CONFIGURATION
COUNTS
Phase ) Phase Il | Phase 11l
-16 32768 32768 85536
-14 8192 8192 16384
-12 ] 2048 2048 A0S,

Figure 3: Conversion TIminlg

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 voltage, and
conversion rate. These values must be chosen to suit the
particular application.

Integrating Resistor

The integrating resistor is determined by the full scale inpuit

voltage and the output current of the buffer used to charge
the integrator capacitor. This current should bé srhall
compared to the output short circuit current such that
thermal effects are kept to @ minimum and linearity is not
affected. Values of 5 to 40 pA give good resulis with a
nominal of 20 A, The exact value may be chosen by

fuil scale voltage*
20uA
“Note: If gain ig 'used in the buffer amplifier then -

RINT =

- (Buffer gain) (full scale voltage)
20uh

RinT =

Integrating Capacitor
The product of integrating resistor and capacitor is setected
to give 9 volt swing for full scale inputs. This is acompromise
. between possibly saturating the integrator {at +14 volts) due
te tolerance build-up between the resistor, capacitor and
clack and the errors a lower voltage swing could induce due
to offsets referred to the output.of the comparator. In
general, the value of CinT is give by
(32768 for -16
" 8192 for ~14 X clock period)
(2048 jor -12
Integrator output voltage swmg

X 20uA)

Cint =

Avery imponrtant characteristic of the |ntegrat|ng capacitoris
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 errors at
reasonable cost. Polystyrene and polycarbonate capacitors
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 léss noise.
The reference capacitor should be large enough such that
stray capacitance to ground from its nodes is negligible.

Note: When gain is used in'the buffer amplifier the reference
capacitor should be substantially larger than the aute-zero
capacitor. As a rule of thumb, the reference capacitor should
be approximately the gain times the valug of the auto-zero
capacitor. The dielectric absarption of the reference cap and
auto-zero cap are only important at power-en or when the
circuit is recovering from an overload. Thus, smaller or
cheaper caps ¢an be used here if accurate readings are not
required for the first few seconds of recovery.

Reference Vallage

The analog input required to generate a full scale outputi is
Vin = 2 VREF.

The stability of the reference voltage is a major factor in
the overall abseclute accuracy of the converter. The
resolution of the ICL7104 at 16 bits is one part in 65536, or
15.26ppm. Thus, i the reference has z temperature
coefficient of 50ppm/® C ton board referance) & temperature
change of 1/3°C will introduce a one-bit absolute error. For
this reason, it is recommended that an external high guality
reference be used where the ambient temperature is not
controlled or where high- accuracy absolute measurements
are being made.
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DETAILED DESCRIPTION

Digital Section ‘

The digital section includes the clock oscillator circuit, a 16,
14 or 12 bit binary counter with output latches and TTL-
compatible three-state output drivers, polarity, over-range
and control logic and UART handshake fogic, as shown in
the Block Diagram Figure 5 {18 bit version shown).
Throughout this description, logic levels will be referred to
as “low" or “high”. The actual logic levels are defined under
“|CL7104 Electrical Characteristics”. For minimum power
consumption, all inputs should swing from GND {low) to V*
{high. Inputs driven from TTL gates should have 3-5k0
pullup resistors added for maximum noise immunity.

MODE Input .
The MODE input is used fo control the output mode of the
converter, When the MODE pin is connected t& GND or left
open (this input is provided with' a pulldown resistor to
ensure a low ievel when the pinis left open), the converter is
in its "Direct” output mode, where the output data is directly
accessible under the control of the chip and byte enable
inputs. When the MODE input is.puisec high, the converter
enters the UABT handshake mode and outputs the data in
three bytes for the 7104-16 or two bytes for the 7104-14.and
7104-12, then returns to “direct” mode. When the MODE
input is left high, the converter will output data in the
hahdshake mode at the end of every conversion cycie. (See
section entitled "Handshake Mode” for further-details).

S$TaTu$S Output

During a conversion cycle, the $TaTu$ cutput goes high at

the beginning of Input Integrate (Phase 1), and goes low
- one-half clock period-after new data from the conversion has

been stored.in.the output latches. See Figure 3 for détails of. .

-this timing. This signal may be used as a "data valid” flag
(data never changes while STaTuS is low) to drive interrupts,
or for monitoring the status of the converter. :

BINTERSIL
Run/Hold Input

When the Run/Hold input is connected to ¥+ or left open ithis
input has a pullup resistor to ensure a high level when the pin

i left open, the circuitwill continuously perform conversion .

cycles, updating the output latches at the end of every
Deintegrate (Phase 11) portion of the conversion cycle (See
Figure 3}, (See under "Handshake Mode" for exception.) In
this mode of operation, the conversion cycle will be
performed: in 131,072 for 7104-16, 32768 for 7104-14 and
8192 for 7104-2 clock periods, regardless of the resulting
velue,

It Bun/Fold goes low at any time during Deintegrate (Phase
Ill) after the zero crossing has occurred, the cireuit will
immediately terminate Deintegrate and jump to Auto-Zero,
This featurs 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/Hold input
goes high. The converter will begin thé Integrate (Phase 11
portion of the next conversion (and the'STaTu$ output will
go high) seven clock periods after the high level is detected at
Run/Hold. See Figure 6 for details.

Using the Run/Hold input in this manner allows an easy
“sonvert on demand” interface to be used. The converter
may be held at idle in Auto-Zero with Run/Hold low. When
Ruri/Hold goes high the conversion is started, and when the
STaTuS output goes low the new data is valid tor transterred
te the UART - see Handshake Mode}, Run/Hold may now go
low términating Deintegrate and ensuring a minimum Auto-
Zero time before stopping to wait for the next conversion.
Alternately, Run/Hold can be used to minimize conversion
time by ensuring that it goes low during Deintegrate, after
zero crossing, and goes high after the hold pointis teached.
The requiredactivity on the Run/Hoeld input can be provided
by connecting. it to the CLOCK3 =12, -i4), CLOCK2 (16}
Output, In thismode the conversion time is dependent on the
input value measured. Also refer to Intersil Application.
Bulletin.A030 for a discussion of the effects this will have on
Auto-Zero performance.

CE/LD ..

HBEN | WMBEN

. CHEN

|
7104-16 [POL]Q/RB16]B15 [B14|B13| B12 (B11[B10] B9 | B8 | B7 | B6| BS'| B4 | B3 | B2 B1i

4

. HBEN LBEN
7104-14 POL|O/R|B14|B13|B12 | B11|B10] B9 | B8 | B7 | BE | B5 | B4 | B3 | B2 ' B1
710812 | poL[osm]| [B1z[B11[&10[ B9 | B8 [B7 |B6 | BS[B4 B3 | B2]B1]

““““““““““ A A 0 O 0 0 0
L |
|

] 18/16/14 THREE-STATE OUTPUTS ,!) HBER

. F=— 1 -
N AR Y I O }
T 1B/16/14 LATCHES | | | o e ‘
A L .t |1 | c1eonty)

INITIAL —M 16/14/12-BIT COUNTER |
CLEAR - |

LATCH +—<h TEEN
i ' -' cLOCK ] I
1 11 |

COMP QUT & TEID
ANALSS_ az =~ _conversioN gﬁ‘g%ﬁggz HANDSHAKE [ |
SECTION | DEINT(+H) - =—] CONTROL LOGIC CIRCUITRY LoGic ]
DEINT(-)  ~—] o
e i PR ¢ R dafule  lm  fw

§TaTus R/ GCLOCK CLOCK CLOCK
1 23

Figure 5: Digital Section
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DEINT TERMINATED

BINERSIL

OPFTION [ -12 | -14 | -16 |
[ MIN _[1785
|__MAX_ | 204

7161
8185

= |

INT

AT ZERD CAQSSING: | - ! STATIE IN T pHASE |
INTEGRATOR Nuon ‘ | HOLD STATE |
OUTFUT o . _ |

' d A T e——7 COUNTS ——{
INTERNALCLDGK-Ir',-Inan nnnnnn m Y ] nnr‘
INTERNAL LATCH i .
1 y -

STaTu$ OUTPUT [ =1 | e
RUN/HOLD INPUT {— —1 U S S

_ Figure 6: Run/Hold Operation

If the Run/Hold input goes low and stays low during Auto-
Zero (Phase |}, the converter will simply stop at the end of
Auto-Zeéro and wait for Run/Hold to go high. As above,
Integrate (Phase II) begins seven clock pericds after the high
level is detected.

. Direct Mode

When the MODE pinis left at a low level, the data outputs[bns
1 through & low order byte, see Table 4 for format.of riddle
(-16) and high order byteslare actessible undercontrol of the
byte and ¢hip ENable terminals as inputs;, These ENable
inputs areé all active low, and are provided with pullup
resisiors- 10 ensure an inactive high level when left open.
When the chip ENable input is Jow, taking a byte ENable

ZERQ-CROSSING

\‘/ OCCURS
N

™\, ZERC-CROSSING
DETECTED

INTEGRATOR
OUTPUT

Input iow will allow the outputs of that byte to becomeactive
(three-stated on). This allows a variety of parallel data acces-
sing techniques to be used. The timing requirements for these
outputs are shown under AC Characteristics and Table 1.

It should be noted that these control inputs are
asynchronous with respect to the converter clock -the data
may be accessed at any time. Thus itis possible to access the
datawhileitis being updated, which could lead ta 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 Clegr Circuitry”.

/For «16 MBEN sequence serted here.

INTERNAL

[T L I

1] LI - L.
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INTERNAL
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—

STATUS
GUTPUT

MODE ’ p—
nos MODE HiGH ACTIVATES
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TERMINATES

INTERNAL

Mopg HORM 9/ SEN

UART MODE

SEN /
.- sEN
- 3 SED\_\ -

SEN
INPUT L, ,

SENSED

CE/LOAD \

FBEN

' “TODE LOW NOT|
IN HANDSHAKE MODE |-

HIGHDB::II:E-_—”*"-_- - -__< DATA VALID >_?-T-—__..-—__-__-- ol el

DISABLES OUTPUTS CE/LD
HBEN ﬁBE E

LBEN
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m = DON'T CARE
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-‘--————-< DATA VALID >= | - =

—_— THREE-STATE WITH PULLU?

Figure 7: Handshake With SEN Held Positive
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Handshake Mode

The handshake cutput mode is provnded 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 passively responding to chipand byte ENable.
inputs. This mode is specifically designed io allow a direct
interface between the ICL7104 and industry-standard
UARTSs (such as the Intersil CMQS UARTS, IMB402/3) with no
‘external logic required. When triggered into the handshake
mode, the ICL7104 provides all the control and flag signals
necessary o sequence the three (CL7108-16) or two
{ICL7104-14, -12) bytes 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
stafions using serial data transmission to minimize the
number of lines to the central controlling processor.
Entry into the handshake mode will occur if either of two.
. -conditions are fuifilled; first, if new data is latched lie. a
conversion is completed! while MODE pin (pin 27).is high, in
which case entry occurs at the end of the latch cycle; or
secondiy, if the MQDE pin goes from low to high, when entry
will ocour immediately (if new data:is being latched, entry is
delayed to the end of the latch cycle), While inthe handshake
mode, data latching is. inhibited, and the MODE pin is
ighared. {Note that conversion cycles will continue in the
normal manner). This ailows versatile initiation of handshake
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

ZERO-CROSSING

/ OCCURS
. INTEGRATOR

QuTPUT 2ERO-CROSSING

I By Y

LATCH s —

INTERNAL
CLOCK

ElINTERSIL

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 terminais
become TTL-compatible cutputs which prowde the contro!
signals for the output eycle. 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
once every clock puise, and if itis high, the next (or first) byte
is enabled on the next rising CLOCK 1 (pin 25) clock edge,
the corresponding byte ENable ling goes low, and the Chip
ENable/LoaD line (pin30) (CE/LD) goes low forone full clock
pulse only, returning high.

On the next falling GLOCK 1 clock pulse edge, it SEN remains
high, or after it goes high again, the byte output lines will be
putin the high impedance state (or three-stated off). One half
pulse later, the byte E ENable pin will be clearec high, and
{unless finished) the CE/LD and the next byte ENable pin will
go tow. This will continue until all three (2 in the case of 12
and 14 bit devices) bytes have been sent. The bytes are
individually . put into the low impedance state i.e.. three-
stated on during most of the time that their byte ENable pinis
(active) low. When receipt of the last byte has been
acknowledged by & 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 ¢hip ENable will be three-stated off, if MCDE is low, but
held high by their tweak) pullups. These timing relationships
are illustrated in Figure 7, 8, and 8, and Table 2

Ly Py Ty T oy Iy I
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OUTPUT
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©INPUT

UART
e

SEN INPUT
(UART TBRE)

SETLD QuTPUT
(UART TBRL)

HBEN

HIGH BYTE i/ F

DTS P e s

DATAVALD | -
e

MBEN

MIDOLE BYTE
DATA

L i veut v s s g’ e ] s e e S e e ity S o s e e . e s

DATA VALID N i, [

. LBEN

LOW BYTE

DATA

....——-.____.I....-_..____.;;.__-.__'

’ M = DON'T CARE

—_

DATA VALID e —————

3k

== = THREE-STATE HIGH IMPEDANCE

Figure 8: Handshake - Typical UART Interface Timing
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Figure 7 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 active as
outputs). The high tevel at the SEN input is sensed on the
same high 1o low internal clock edge. On the nextlowtchigh.
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, Bis 9-14) outputs are enabled. The CE/LD
output remains low for one full internat clock periodenly, the
data.outputs remain active for 1-1/2 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 synGhronizing signal to ensure valid data, and the-
byte ENable as an output may be used as a byte identifica-
tion flag, With SEN remaining high the.converter cémpietes
the ‘output cyele using CE/LD, MBEN and TBEN while the
remaining byte cutputs (see Table 4) are activated. The
handshake mode is terminated when all bytes are sent (3 for-
16, 2 for -14, -12.

Figure 8 shows an output sequence where the SENinput is
used to delay portions of the sequence, or handshake, to
ensure correct data transfer. This timing diagram shows-the
relationships that occur using an industry-standard
IMB402/3 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 CTE/LD terminal of the ICL7104 drives the
TBRL (Transmitier Buffer Register Load)input to the UART:

' - BINTERSIL

The data outputs are paralleled mto the eight Transmitter
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 ¢lock period, the high order byte datais clocked
into the UART Transmitter Buffer Register, The UART TBRE
output will now go low, which halts the cutput cycle with the -
HEEN output 1ow, and the high order byte outputs active.
Whenthe UART has transferred the data 1o the Transmiiter
Register and cleared the Transmitter Buffer Register, the
TBRE returns high. On the next ICL7104 internal clock high
to-low edge, the high-order byte outputs are disabled, and
one-halfinternal ctock later, the HBEN output returns high.
At the same time, the CE/LD :and MBEN (-16) or LBEN
outputs golow, and the corresponding byte outputs 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. Cne-half.internal clock later, the handshake mode
will be cleared, and the chip and byte ENable terminals
return high and stay active (as long as MODE stays highh.
With. the MODE input-remaining high as in these examples,
the converter will output the results of every conversion
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except those completed during a handshake operation. By |

triggering the converter into handshake mode with a low o
high edge on the MODE input, handshake output sequences

" may be performed on demand. Figure 11shows a handshake .

output sequence triggered by such an edge. In addition, the

SEN input is shown as being low when the converter enters -

tiandshake mode. In this case, the whole output sequence is
controlled by the SEN input, and the sequence for the first
thigh order) byte is similar to the sequence for the other
bytes. This diagram also shows the output sequence taking
ionger than a conversion cycle. Note that the converter stilt
makes conversions, with the STaTuS output and Run/Hold
input functioning normally. The only cifference 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
registers. This is intended to ensure that on initial power-up,
the cantrol logic comes up in Auto-Zero, with the 2nd, 3rd, and

4th MSB bits cleared, and the “mode” FF cleared (ie. {in -

“direct” mode). This, however, will also clear these registers
if the supply voitage “giitches” to a low enocugh value.
Additionally, if the supply voltage comes up too fast, this
ctear pulse may be too narrow for reliable clearing. In
general, this_is not a problem, but if the UART internal
“MODE” FF should come up set, the byte and chip ENable
lines will become active outputs. In many systems this could
lead to buss conflicts, especially in non-handshake systermns.
In any case, SEN shouid be high (held high for non-
handshake systems) to ensure that the MODE FF will be
cleared as fast as possible (see Fig. 7 for timing). For these
and other reasons, adequate supply bypass is
recommended.

Oscillator

The ICL7104-14 and -12 are provided with a versatile three
terminal oscillator to generate the internal clock. The
oscitlator may be overdriven, or may be operated as an RC or
crystal oscillator,

Figure 10 shows the oscillator configured for RC operation. .

The internal clock will be of the same frequency and phase as
the voltage on the CLOCK 3 pin. The resister and capacitor
should be connected as shown. The circuit will oscillate ata
frequency given by f = 45/RC. A 50-100k(} resistor is
recommended for useful ranges of frequency. For optimum
80Hz line rejection, the capacitor value should be chosen
such that 32768 (-16), 8192 (-14), 2048 (-12) clock periods is
close to an integral multiple of the 60Hz period.

Jfosc = 45/RC

Flgure 10: RC Oscillator
Note that CLOCK 3 has the same output drive as the bit outputs.

BINTERSIL

Ag a result of pin count limitaticns, the ICL7104-16 has 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 11 shows a crystal
oscillator circuit, which can be used with all 7104 versions. 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. .

v+—_t-—————l——' '

A
CRYSTAL

" Figure 11: Crystai Oscillator

*CAPACITOR VALUE
DEPENDS ON CRYSTAL.
TYP D-30pF.

POWER SUPPLY SEQUENCING

Because of the nature of the CMOS process used to fabricate
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 invoive the V-+ supply (nom. +5\) being more
positive than the V= supply. If there isany 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++ to prevent it. A germanium or Schottky rectifier
diode would be best, but in most cases a silicon rectifier
diode is adequate.

n

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of 8068 or 8052/7104 circuits, especially in 16-bit and
high sensitivity circuits. It is most important that return
currents from digital loads are not féd into the analog greund
line. A recommended connectien sequence for the ground
lines is shown in Figure 12. )

APPLICATIONS INFORMATION

'Some applications bulletins that may be found useful are

listed here:

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

AD17 “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 Cutput A/D Converter for
Microprocessors”, by Peter Bradshaw

ROO5 “interfacing Data Converters & Microprocessors”, by
Peter Bradshaw et al, Electronics, Dec. 8, 1976.
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BUF
out

REF
VOLTAGE:

EXTERNAL
REFERENCE .
: F +5¥
//___ AR . . E::F Voot (IF USED) 5V
P IeLTies (F 1CL8082
FILTER PIN 35 USED,
Vi CAP AN GND Caz )
B0BS PIN 2
COMP

ﬁITAL ' X

LOGIC DIG GNP m|
lcLT104 DEVICE PIN T . T T.
PINZ . +5V SUPPLY BYPASS CAPACITOR(S)

Flgure 12: Grounding Sequence
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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