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Introdu_ction

It’s a rapidly changing world — and a moment’s reflection reminds us. that, principally, it is electronics
that is causing the changes in our world. Electronic systems are changing too, from all-analog and all-
digital types, to a world where analog and digital disciplines co-exist to make inexpensive but powerful
systems and products that impact even our daily lives. This Handbook is dedicated to the engineers who
design the data acquisition and control systems that will play a major role in shaping and improving the

future.
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National Semiconductor brings to the marketplace
a unique combination of qualifications to supply
the sophisticated components required by Data
Acquisition and Control systems — high tech-
nology devices, mass produced by one of the
world’s largest semiconductor companies. We
have committed to design and source all the
building blocks required from transducer to
processor — this handbook is evidence of our
total systems approach. The products detailed
in this book include those devices in the direct
analog signal path before (and after) the digital
processor; devices are fabricated using many
technologies including BI-FETTM | linear bipolar,
CMOS, CMOS with trimmed thin film, 12L, laser
trimmed thick and thin film hybrid and other
state-of-the-art processes. Microprocessor, Linear,
Discrete, and other functions are covered by their
respective databooks and are not duplicated herein.

Reliability — National manufactures components
to exacting quality and reliability standards. Most
of the devices included offer extended temperature
range performance versions and are built to con-
form with the requirements of MIL-M-38510
" and can be ordered with extra reliability screening
including MIL-STD-883 Level A and B processing.
National’s A+ and B+ industrial reliability pro-
grams can be specified for standard and industrial
temperature range devices. Consult your rep-
resentative for processing details and availability
of these cost-effective programs.

Mux S&H l—-} A/D $ uP
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Sales and Technical Assistance — All National
devices are available through our extensive net-
work of local distributors. Technical assistance
in selecting and applying devices may be obtained
by contacting the nearest National representative
or sales office or by contacting the factory.

Converter Products Part Numbering System
At mm kLo

‘ L— PACKAGE DESIGNATION
TEMPERATURE RANGE

C: COMMERCIAL
I INDUSTRIAL
M, OR NO DIGIT: MILITARY

TECHNOLOGY
P: PMOS N. NMOS
C.CMOS  L:LINEAR
H:HYBRID  1'12L
8 BIPOLAR

USED FOR MORE THAN ONE IN THIS FAMILY

RESOLUTION
08:8 BITS 25°21/2DIGIT
10:10BITS  35.31/2DIGIT
12.12BITS  37:31/4 BIGIT
45:41/2 DIGIT

FORM

C. COMPLETE

B: BUILDING BLOCK

D DIGITAL PANEL METER CHIP
M: MODULE

$: CARD SYSTEMS

FUNCTION
AD: ANALOG-TO-DIGITAL
|, DA: DIGITAL-TO-ANALOG

Future Products — This handbook contains only
devices in production as of July, 1978. As this
book goes to press, development continues on
many advanced Data Acquisition/Conversion prod-
ucts — contact your distributor or representative
for information concerning new product intro-
ductions.

For information on National’s part numbering system for non-converter devices, please consult the latest OEM price list.
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RESOLUTION NATIONAL | ALTERNATE SOURCE "";EZAsgéTY (INTERNAL | OUTPUT | SUPPLIES TEMPE:?;‘SE?:‘NGES COMMENTS
(BITS) PART NUMBER PART NUMBER (MAX) (%) | REFERENCE | OP AMP ) )

D/A CONVERTER . ! i
8 DAC0802 DAC-08A, DAC-08H 0.1 +5to 15 0 to +70, —55 to +125 High Speed Multiplying
8 'DAC0800 DAC-08, DAC-08E 0.19 +5to 15 0 to +70, —55 to +125 High Speed Multiplying
8 DAC0801 DAC-08C 0.39 +51t0+15 0 to +70 High Sbeed Muitiplying
8 DAC0806 MC1408-6 0.78 +5to 15 0to +70 Multiplying
8 DAC0807 MC1408>7 0.39 +5to 15 0to +70 Multiplying
8 DAC0808 MC1508-8/MC1408-8 0.19 +5to0 +15 0 to +70, —55 to +125 Multiplying -
10 DAC1020 AD7520L/AD7530L 0.05 5t0 15 0 to +70, —55 to +125 4-Quadrant Multiplying
10 DAC1021 AD7520K/AD7530K 0.1 510 15 0 to +70, —55 to +125 4-Quadrant Multiplying
10 DAC1022 AD7520J/AD7530J 0.2 5to 15 0 to +70, —55 to +125 4-duadrant Multiplying
12 DAC1220 AD7521L/AD7531L 0.05 5t0 15 0 to +70, —55 to +125 4-Quadrant Multiplying
12 DAC1221 AD7521 K/AD7531K 0.1 5to 15 0 to +70, —55 to 4;125 4-Quadrant Multiplying
12 DAC1222 AD7521J/AD7531J 0.2 51015 0 to +70, —55 to +125 4-Quadrant Multiplying
12 DAC1200 0.012 o L] +15,5 —25 to +85, —55 to +125 Complete DAC
12 DAC1201 0.049 L] L] +15,5 —25 to +85, —55 to +125 Complete DAC
12 DAC1285 DACSS (Binary) 0.012 ° ° +15,5 —25 to +85, —55 to +125 Complete DAC
12 DAC1280 DACSO0 (Binary)* 0.024 L] [ +15,5 —2510 +85 Complete DAC
3-Digits DAC1202 0.01 o ° +15,5 —25 to +85, —55 to +125 Complete BCD DAC
3-Digits DAC1203 0.05 [ L] +15,5 —25 to +85, —55 to +125 Complete BCD DAC
3-Digits DAC1286 DACS85 (BCD) 0.05 e [ +15,5 —25 to +85, —55 to +125 Complete BCD DAC
3-Digits DAC1287 DACS0 (BCD)* 0.1 . . £15,5 —25 10 +85 Complete BCD DAC

*Note. Minor specification differences
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A/D Converter/
bvm .

LINEARITY

CONVERSION

OUTPUT

TEMPERATURE RANGES

RES&'#ST)'ON BASIC TYPE @ 25°C TIME LOGIC SUF:':/';'ES AVAILABLE COMMENTS
(MAX) (%) (TYP) LEVELS (°C)
A/D CONVERTER
8 . ADC0800 0.8- 100 us TTL : +5,-12 0 to +70, —55 to +125
' (MM53578) ' TRI-STATE® ’ : L _
8 ADC0808 0.2 100 us TTL +5 —40 to +85, —55 to +125 Includes 8-Channel MUX
TRI-STATE - : R :
8 ADC0809" 0.4 100 us TTL +5 *—40 to +85, —55 to +125 Includes 8-Channel MUX
. TRI-STATE o
8 ADCO0816 0.2 100 s _ TTL ) +5 —40 to +85, —55 to +125 16-Channel MUX, S and H Port
) TRISTATE | _ . .
8 ADC0817 0.4 100 us TTL ' +5 —40 to +85, --55 to +125 16-Channel MUX, S and H Port
) TRI-STATE ' '
gt TP3000 1- ot TTL +12 "0 to +70 ’ TCompanding Coder-Decoder
12 ADC1210 0.012° 100 us CMOS +5 to 156 —25 to +85, —55 to +125 10-Bit Conversion in 30 uys' :
12 (10) ADC1211 0.049 100 us CMOS +51t0 +15 | —25 to +85, —55 to +125 s
1 LF13300 0.01 N/A N/A +15 0to +70 ' Dual Slope ADC
ADB1200 | N/A 36 ms TTL +65, —15 0 to +70 12-Bit Logic for LF13300
) . . TRI-STATE : . . .
3 1/2-Digits ADC3511 0.05 200 ms TTL +5 0to +70 ‘Integrating uP ADC
_ » TRI-STATE L
3 3/4-Digits ADC3711 0.05 400 ms TTL +5 0 to +70 In_tegrati'ng uP ADC
: " TRI-STATE ]
V-F LM131 0.01 N/A N/A +5 to +40 0to +70, —25 to +85, —65 to +125 ~ Voltage-to-Frequency
) Converter, 100 kHz Max
DIGITAL VOLTMETER . »
31/2-Digits - | - ADD3501 © 0.05 200 ms _ 7-Segment 45 0to+70 3 1/2-Digit LED DPM_
. o SO LED Drive
3 3/4-Digits ADD3701: 0.05 400 ms 7-Segment +5 0to +70 3 3/4-Digit LED DPM -
R : LED Drive : )
LF13300 0.005 N/A N/A +15 0to +70 Dual Slope ADC
4 1/2-Digits
ADB4511 N/A 500 ms 7-Segment +5 0 to +70 4 1/2-Digit DPM Logic
LED Drive for LF13300
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VOLTAGE TEMPERATURE
) DRIFT — ppm/°C MAX .
REVERSE BREAKDOWN VOLTAGE or mV MAX CHANGE OVER DYNAMIC
VOLTAGE DEVICE TOLERANCE TEMPERATURE RANGE CURRENT RANGE, IR IMPEDANGE
VRatlg MAX, Tp =25°C

DRIFT TEMPERATURE

(MAX) RANGE
1.22 LM113 +5% 100 (typ) -55°C to +125°C 500 pA to 20 mA 0.3Q
1.22 LM313 +5% 100 (typ) 0°C to +70°C 500 A to 20 mA 0.3Q2
1.22 LM113-1 1% 50 (typ) -55°C to +125°C 500 pA to 20 mA 0.3Q
1.22 LM113-2 *2% 50 (typ) -55°C to +125°C 500 uA to 20 mA 0.3Q
2.49 LM136 2% 18 mV -55°C to +125°C 400 pA to 10 mA 0.2Q
249 LM136A - £1% 18 mVv —55°C to +125°C 400 pA to 10 mA 0.2Q
2.49 LM236 *2% 9mv —25°C to +85°C 400 uA to 10 mA 0.2Q
2.49 LM236A +1% 9mv ~25°C to +85°C 400 uA to 10 mA 0.2
2.49 LM336 +4% 6mv 0°C t0 +70°C 400 uA to 10 mA 0.2
2.49 LM3368 +2% 6mvV 0°C to +70°C 400 pA to 10 mA 0.2
5.0 LM136-5.0 2% 36 mV -56°C to +126°C 400 pA to 10 mA 0.2Q
5.0 LM136A-5.0 1% - 36 mV -55°C to #125°C 400 pA to 10 mA 0.2
5.0 LM236-5.0 +2% 18 mV —25°C to +85°C - 400 pA to 10 mA 0.2
5.0 LM236A-5.0 1% 18 mV —-25°C to +85°C 400 A to 10 mA 0.2Q
5.0 3 LM336-5.0 4% 12mVv - 0°Cto+70°C 400 pA to 10 mA 0.2
5.0 LM3368B-5.0 0% 12mv 0°C to +70°C 400 pA to 10 mA 0.2
6.90 LM129A +3%, —2% 10 -55°C to +125°C 0.6 mA to 15 mA 0.62
6.90 LM1298 +3%, —2% 20 -55°C to +125°C 0.6 mA to 15 mA 0.6Q
6.90 LM129C +3%, —2% 50 -55°C to +125°C 0.6 mA t0 15 mA 0.652
6.90 LM3298 +5% 20 0°C to +70°C 0.6 mA to 15 mA 0.8Q
6.90 LM329C +5% 50 0°C to +70°C 0.6 mA to 15 mA 0.8Q2
6.90 LM329D +5% 100 0°C to +70°C 0.6 mA to 15 mA 0.8Q
6.95 LM199A +1%, 2% 0.5 ~55°C to +85°C 0.5mA to 10 mA 0.5
6.95 LM199A +1%, —2% 10 85°C to +125°C 0.5 mA to 10'mA 0.5Q
6.95 LM199 +1%, —2% 1 -55°C to +85°C 0.5 mA to 10 mA 0.5Q
6.95 LM199 +1%, —2% 15 85°C t0 +125°C 0.5 mA to 10 mA 0.5Q
6.95 LM299A +1%, —2% 0.5 —-25°C to +85°C 0.5mA to 10 mA 0.5Q
6.95 LM299 +1%, —2% 1 —25°C to +85°C 0.5 mA to 10 mA 0.5Q
6.95 LM399A +5% 1 0°C to +70°C "0.5mA to 10 mA 0.5Q
6.95 LM399 +5% 2 0°C to +70°C 0.5 mA to 10 mA 0.5Q
6.95 LM3999 +5% 5 0°C to +70°C 0.6 mA to 10 mA 0.6Q
10.00 LH0070-0 0.1% ., 20 mV —25°C to +85°C* 0mA to 20 mA 0.2
10.00 LHO0070-1 0.1% 10mv —26°C to +85°C* 0 mA to 20 mA 0.2
10.00 LH0070-2 0.05% 4mv —25°C to +85°C* 0mA to 20 mA 0.2Q
10.24 LH0071-0 0.1% 20 mV —-25°C to +86°C* 0 mA to 20 mA 0.2Q
10.24 LH0071-1 0.1% 10 mV -25°C to +85°C* 0mA to 20 mA 0.29
10.24 LHO0071-2 0.05% 4mv -25°C to +85°C* 0mA to 20 mA 0.29

) *Devices are specified for operation over entire —55°C to +125°C range.
CRITEYETEN
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Voltage

Reference
VOLTAGE TEMPERATURE
" DRIFT — ppm/°C MAX
REVERSE BREAKDOWN VOLTAGE or mV MAX CHANGE OVER DYNAMIC
VOLTAGE DEVICE TOLERANCE TEMPERATURE RANGE - CURRENT RANGE, IR
VR atlg MAX, Tp = 25°C IMPEDANCE
DRIFT . TEMPERATURE
. (MAX) RANGE
LOW CURRENT ZENER DIODES ) i
1.8 LM103 ©+10% —5mV/°C (typ) -55°C to +126°C 10 uA to 10 mA 158
20 Lm103 +10% -5 mV/°C (typ) -55°C to +125°C 10 A to 10 mA 1150
2.2 LM103. +10% —5mV/°C (typ) -56°C to +125°C 10 4A to 10 mA 1582
24 LM103 +10% —5mV/°C (typ) -55°C to +125°C 10 uA to 10 mA 158
2.7 LM103 +10% ~5 mV/°C (typ) “55°C to +125°C 10 uA to 10 mA 15Q
3.0 L0103 - +£10% -5 mV/°C (typ) -55°C to +125°C 10 A to 10 mA 150
33 LM103 +10% -5 mV/°C (typ) -55°C to +125°C 10 4A 1o 10 mA | 150
3.6 LM103 +£10% -5 mV/°C (typ) -55°C to +125°C 10 uA to 10 mA 1582
39 LM103 +10% -5 mV/°C (typ) -56°C to +125°C 10 uA to 10 mA 158
43 LM103 +10% -5 mV/°C (typ) -55°C to +125°C 10 uAto 10 mA 15Q
4.7 LM103 +10% 5 mV/°C (typ) -55°C to +125°C 10 uA to 10 mA 158
5.1 LM103 £10% -5 mV/°C (typ) ~55°C to +125°C 10 4A to 10 mA 15Q
5.6 LM103 +10% -5 mV/°C (typ) -55°C to +125°C 10 A to 10 mA 150




Ron van PART LoGic X,s, tON/tOFF RoN vall PART LOGIC X/S) tON/tOFF RoN val/l PART LOGIC VS) tON/tOFE
Q) V) NUMBER INPUT vP TYP ) (v) NUMBER INPUT Tvp TYP Q) v) NUMBER INPUT TYP TYP
Dual SPST . SPDT MULTIPLEXERS
10 +10 AH0141/DG141 TTL -18,12 0.8/1.1us 10 +10 AHO0146/DG146 - TTL  -18,12 0.8/1.1s
30 £10 AHO0133/DG133  TTL  -18,12 0.5/0.9us 30 £10 AH0144/DG144  TTL  -18,12 0.5/0.9us 3.Channel
80 +10 AH0134/DG134  TTL 18,12 0.5/0.9us 80 +10 AHO143/DG143  TTL  -18,12 0.5/0.9s *100 15mA  AH5013 15V TTL 150/300 ns
15 +7.5 AH0151/DG151 TTL 15 0.8/1.1us 15 +7.5 AHD161/DG161  TTL  *15 0.8/1.1us 150 5mA AH5014 TTL 150/300 ns
50 - +7.5 AHD152/DG152  TTL  *15 0.5/0.9us 50 +7.5 AHO0162/DG162  TTL 15 0.5/0.9us -
30 +7.5 AM181/DG181 TTL 15,5 180/150 ns 100 +9 ~ AH2114(Sw.1) 15V TTL *15 35/600 ns
75 +10 AM182/DG182 TTL 15,5 300/150 ns (Sw. 2) 1.2u5/50 ns 4-Channel
*30 +7.5 AM187/DG187 TTL  *15,5 180/150 ns *100 15mA  AH5009/AM8709 15V TTL 150/300 ns
75 +10 AM188/DG188 TTL  #15, 300/150 ns *100 10mA  AM97C09 cMoSs 150/300 ns
Triple SPST *150 5mA AH5010/AM9710  TTL 150/300 ns
*100 15mA  AH5015 15V TTL 150/300 ns Dual SPDT *150 3mA AM97C10 CMOS 150/300 ns
*150 SmA  ,AH5016 TTL 150/300 ns *30 +7.5 AM190/DG190 TTL  #15,5 180/150 ns
75 +10 AM191/DG191 TTL  %15,5 300/150 ns
4-Channel Differential
Quad SPST Triple SPDT 280 +7.5 CD4052 CMOS 7.5 150/150 ns
200-600  *10 AH0015 TTL  -20,10,6  100/400 ns 280 75 CD4053 CMOS 7.5 150/150 ns *350 12715 LF11509 TTL 15 1/0.2s

*200 +10 LF11201 TTL 15 90/500 ns . 270 +7.5 CD45298 CMOS 7.5 50/50 ns

*200 - +10 LF11202 TTL 15 90/500 ns Dual DPST

200 +10 LF11331 TTL  #15 90/500 ns 10 10 AH0140/DG140 TTL  -18,12 0.8/1.us

200 +10 LF11332 TTL %15 90/500 ns 30 +10 AH0129/DG129 TTL  -18,12 0.5/0.9us 6-Channel

*200 +10 LF11333 TTL #15 90/500 ns 80 +10 AHO0126/DG126  TTL  —18,12 0.5/0.9us 2501500 50mA  AM2009/MM4504/ TTL -15,5

*250 +10 LF13201 TTL 15 90/500 ns 15 +7.5 AHO153/DG153  TTL 15 0.8/1.1us MM5504

250 *10 LF13202 TTL 15 90/500 ns 50 +7.5 AH0154/DG154 TTL  *15 0.5/0.9us

250 +10 LF13331 TTL £15 90/500 ns 200-600 %10 AH0019 TTL  —20,10,5  100/400 ns

250 +10 LF13332 TTL *15 90/500 ns *30 +7.5 AM184/DG184 TTL  *155 180/150 ns 8-Channel )

250 £10 LF13333 TTL 15 90/500 ns *75 £10 AM185/DG185 TTL  #155 - 300/150ns 250-400 5 AM3705 TTL -15,5 300/600 ns
280 +7.5 CD4066 CMOS *7.5 *350 12,-15  LF11508 TTL  #15 1/0.2us
850 +75 €D4016 CMOS 75 Dual DPDT . 270 75 €b4a5298 CMOS  £7.5 50/50 ns

*100 15mA  AH5011/AM9711 15V TTL 150/300 ns 10 +10 AHO145/DG145  TTL  -18,12 0.8/1.1ps 280 +7.5 CD4051 CMOS  +7.5 150/150 ns

100 10mA  AM97CI1 cMos 150/300 ns 30 £10 AHO139/DG139  TTL  ~18,12 0.5/0.9us

150 5mA AH5012/AM9712  TTL 150/300 ns 80 “£10 AHO142/DG142  TTL -18,12 0.5/0.9y1s

*150 - 3mA AM97C12 cMOS 150/300 ns 15 +7.5 AHO163/DG163  TTL  +15 0.8/1.1us

*30 7.5 AM193 TTL  #15,5 180/150 ns 50 +7.5 AHO164/DG164  TTL %15 0.5/0.9us

75 +10 AM194 TTL 15,5 - 300/150 ns 200-600  *10 AHO014 . TTL  -20,10,5  350/400 ns
Notes: . )

RoN max @ Tp = 25°C .
Va/l = maximum voltage or current to be safely switched .
Part number = basic number/alternate number (i.e., AM181/DG181). May be ordered by either number.

*Preferred devices .
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Voltage Regulator

3-TERMINAL POSITIVE VOLTAGE REGULATORS

Output Available Vout Regulation Vin Ripple
Current Device VouT Tol. Line (Note 1) Load (Note 2) (v) Rejection
(A) (V) (%) % VouT/VIN % VouT Max (dB)

5 LM138, LM238 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
LM338 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86
3 LM150, LM250 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 . 86
LM350 1.2 to 32 (Adjustable} N/A 0.005 0.1 35 86
LM123K, LM223K 5 ‘ 6 0.01 0.5 20 75
'LM323K 5 4 0.01 05 20 75
15 LM117, LM217 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM117HV, LM217HV 1.2 'to 57 (Adjustable) N/A 0.01 0.1 60 80
LM317HV 1.2 to 57 (Adjustable) N/A 0.01 0.1 60 80
LM109K, LM209K 5 6 0.004 1.0 35 80
LM309K 5 4 0.004 1.0 35 80
LM140K 5,6,8, 10,12, 15, 18, 24 4 0.02 05 35, 40 (24V) 66—80
LM140AK 5,6,8,10,12, 15, 18, 24 2 0.002 0.1 . 35, 40 (24V) 66—80
LM340 5,6,8,10,12, 15, 18, 24 4 0.02 05 35, 40 (24V) 66—80
LM340A 5,6,8,10,12, 15, 18, 24 2 0.002 0.1 35, 40 (24V) 66—80
LM78XXC 5,6,8, 10,12, 15, 18, 24 4 0.03 05 35, 40 (24V) 66—80
05 LM117H, LM217H 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317H 1.2 to 37 (Adjustable) _ N/A 0.01 0.1 40 80
LM117HVH, LM217HVH 1.2 to 37 (Adijustable) N/A 0.01 0.1 40 80
LM317HVH 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM317M 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80
LM341 5,6,8,10,12, 15,18, 24 4 0.02 05 35, 40 (24V)
LM78MXX 5,6,8, 10,12, 15, 18, 24 4 0.03 0.5 35, 40 (24V)
0.25 LM342 5,6,8,10,12, 15,18, 24 4 0.03 05 - 35, 40 (24V) 53-64
0.20 LM109H, LM209H 5 6 0.004 0.4 35 80
LM309H 5" 4 0.004 0.4 35 80
0.10 LM140L, LM240L 5,6,8,10,12, 15,18, 24 2 0.02 . 0.25 35,40 (24V) _ 48-62
: LM340L 5,6,8, 10,12, 15, 18, 24 . 2 '0.02 0.25 35, 40 (24V) 48-62
LM78LXXA 5,6,8, 10, 12, 15, 18, 24 4 0.03 0.25 35, 40 (24V) 45-60

Note 1: Line regulation is the change in output voltage for a change in input vgltage.
Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load.

’
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g - GUARANTEED OUTPUT CURRENT (AMPS)

5.0

—my

30

o

0.2

——

0.1

| LM138/LMZ38/LMI8K STEEL

PACKAGE | PACKAGE
DESIGNATOR |  TYPE
Q ke T03*
KC EEL | HERMETIC

X? ; 10220
4 PLASTIC
ggc) . T0-202
PLASTIC

% | o« 705, 7039
HERMETIC

5| z T099
PLASTIC

12V - [~ - 33V
LM123/LM223/LM323K STEEL ’ Q .
 LM150/LM250/LM350K STEEL 12V - g- ADIUSTASLE -3V

) L —
LM117/LM217/LM317K STEEL 12V —= Q - ADJUSTABLE = 3V
LMIITHV/LM2ITHV/LMIITHVK STEEL 12V ~= ) ADJUSTABLE -5V
LM317T 1.2v g@— ADJUSTABLE = 37V
| T
LM1O9K/LMZ09K/LMIOSK STEEL, LM30sKk (AL) /S t
) |
LM140AK/LM340AK, LM140K/LM340K / (
LM7BXXCK (AL) @ @ Q Q @ U
1M340T ﬁ
LM78XXCT
}
LM317MP 1.2V —= ;;5? ADJUSTABLE 3V
LM 17HVH/LM21 THVH/LMB1THVH 12v ~= ﬁ—anmsmsts -5V
LM117H/LM217H/LM317H 1.2V —= ﬁ—ADJUSTABLE = 37V
Lm3atp S A A
LMTBMXXCP ﬁ,ﬁ,,
Laeze ;:9;%9/;9
5 4

*All devices with TO-3 package desig-

LM109H/LM209H/LM30SH

LM140LAH/LM240L AH/LM340LAH

LM78LXXCH
LM78LXXACH

LM240LAZ/LM340LAZ

LM78LXXCZ
LM78LXXACZ

sl

RRRL L LR
PELLPES

5

6 8 10 12 15. 18 24

- Vg — NOMINAL REGULATED OUTPUT VOLTAGE (V)

nators (K or K STEEL ) are supplied
in steel TO-3 packages unless otherwise
designated as (AL) aluminum TO-3
package. All 'KC designated devices
are supplied in aluminum TO-3.

loje|nbay abe}on




8-l

‘Voltage Regulator

3-TERMINAL NEGATIVE VOLTAGE REGULATORS

Output ) Available Vour Regulation ViN Ripple
Current Device VouT Tol. Line (Note 1) Load (Note 2) (V) Rejection
(A) (v) (£%) % Vout/VIN % Vout Max (dB)
3 LM145K, LM245K -5.0,-5.2 2 0008 06 20 68
LM345K -5.0,-5.2 4 0.008 06 20 68
15 LM137, LM237 —1.2 to ~37 (Adijustable) N/A 0.006 0.3 40 77
LM337 ) —1.2 to —37 (Adjustable) N/A 0.007 03 40 77
LM137HV, LM237HV —1.2 to —47 (Adjustable) N/A 0.006 03 . 50 77
LM337HV —1.2 to —47 (Adijustable) N/A 0.007 0.3 50 77
LM120K, LM220K ~5,-5.2, -6, -8, -9 2 0.02 0.3 25 64
—12,-15,-18, —24 35 (9V, 12V) 80
40 (15V, 18V), 75
. 42 (24V) 70
LM320K -5,-6.2, -6, —8, -9, 4 0.02 0.3 25 64
—12,-15, 18, —24 35 (9V, 12V) 80
40 (15V, 18V) 75
42 (24V) 70
LM320T -5,-5.2, -6, -8, —9 4 0.02 0.3 25 64
: —12,-15, —18, —24 35 (9V, 12V, 15V, 18V) 75-80
40 (24V) 70
LM79XXC —-5,-5.2, -6, -8, —9 4 0.03 0.4 35,40 (24V) 66-70
—12, —15, —18, —24
05 LM137H, LM237H —1.2 to —37 (Adjustable) N/A 0.006 0.3 40 77
LM337H —1.2 to —37 (Adjustable) N/A ' 0.007 0.3 40 . 77
LM137HVH, LM237HVH —1.2 to —47 (Adjustable) N/A 0.006 0.3 50 77
LM337HVH —1.2 to —47 (Adjustable) N/A 0.007 0.3 50 77
LM337M —1.2 to —37 (Adjustable) N/A 0.007 0.3 40 77
LM120H, LM220H -5.0, ~5.2, -6, -8 2 0.02 06 25 64
LM320H —5.0, 5.2, -6, —8 4 0.02 0.6 25 ) 64
LM320M -5,-5.2, -6, -8 4 0.02 06 25 . 6064
-9,-12, —-15, 18, —24 4 35, (9V, 12V, 15V, 18V) 70-80
40 (24V)
LM79MXX -5, -6, —8, —12, —15, —24 4 0.03 0.7 35, 40 (24V) 58—60
0.25 LM320ML -5, -6, -8, —10, 4 0.01 - 05 35, 40 (24V) 50—-60
—12,-15,-18, 24 )
0.20 LM120H, LM220H -9, -12 ) 2 0.02 0.1 35 (9V, 12V) 70--80
LM320H —15,-18, —24 4 0.02 0.1 40 (15V, 18V)
) 42 (24V)
0.10 LM320L -5, -6, -8, -9 4 0.01 05 35, 40 (24V) 6065
-12, -15, -18, —-24
LM79LXXA -5, —12, —15, —18, —24 4 0.02 0.6 35, 40 (24V) 50-55
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Ig ~ GUARANTEED OUTPUT CURRENT (AMPS)

1.0

0.5

=
N
o

o
N

0.1

P S —

LM145K/LM245K/LM345K

&

PACKAGE | PACKAGE
DESIGNATOR TYPE
g ﬁc T03%
_ KSTEEL | HERMETIC
T T0-220
PLASTIC

/g//g p T0-202
PLASTIC

,49 W T0-5, T0-39
HERMETIC

ﬁ 2 T0-99
PLASTIC

||

| LMI37/LM237/LM3ITK STEEL v @-inmulsms%e - 12V
- I
LM137HV/LM237HV/LM337HVK STEEL 4V — Q-{ADJU}STABIIE -12v
LM33TT - - ﬁ ADIUSTABLE - 12V
© LM120K/LM220K/LM320K, LM320KC, LM79XXCK(AL) & &[5 Q ’ Q Q @
LM3207 Q ){:9 ﬁ ﬁ
N : ﬁﬁﬁﬁﬁ
LM137HVH/LM237HVH/LM33THVH -4V ﬁ—lAnJusrAsuz - 12V
LM137H/LM237H/LM337H -3V Y ADIUSTABLE - 12V
LM337MP -3V ﬁ ADJUSTABLE - 12V
LM120H ‘
LM220H :
LM320H _ '419 '619 ’{9 J'?
Lm320MP
Lsnexc | SLLLL
: L |
- 1
Lms20MLP g@g@g@ﬁ 249
LM120H/LM220H
LM320H ,ﬁ ,49 ,}9 ﬁ Y
] |
LM320LZ ! l |
LM79LXXCZ :
LM7LXXACZ LB L "'9 A I

-24 -18 715 -12

0 -9 -8°.6

Vg — NOMINAL REGULATED OUTPUT VOLTAGE (V)

*All devices with TO-3 package desig-
nators (K or K STEEL ) are supplied
in steel TO-3 packages unless otherwise
designated as (AL) aluminum TO-3
All KC designated devices
are supplied in aluminum TO-3.

package.
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BI-FET /BI-FET II"
- Op Amp '

DC ELECTRICAL CHARACTERISTICS

AC ELECTRICAL CHARACTERISTICS

Vos — MAX OFFSET AVQg/AT — T.C. OF Ig — MAX BIAS AvoL LARGE en — EQUIV.
PART NUMBER VOLTAGE (mV) Vos (V/°C) CURRENT (pA) SIGNAL VOLTAGE SR — SLEW INPUT NOISE
- (Ta = 25°C) ™ vp 1y =25°) GAIN (V/mV) RATE (V/us) VOLTAGE (nV//Hz)
MIN (Tp = 25°C) : . (Note 2)
MILITARY BI-FET OP AMP (Note 1)
LF155 5 5 100 50 5 20
LF155A 2 5 (max) 50 50 5 20
LF156 5 5. 100 50 12 12
LF156A 2 5 (max) 50 50 12 12
LF157 5 5 100 50 .50 12
LF157A 2 5 (max) 50 50 50 12
LFT155 0.5 5 (max) 50 50 5 20
LFT156 0.5 5 (max) 50 50 12 12
INDUSTRIAL BI-FET OP AMP (Note 1) ]
LF255 5 5 100 50 5 20
LF256 5 5 100 50 12 12
LF257 5 5 100 50 50 12
COMMERCIAL BI-FET AND BI-FET | OP AMP (Note 3)
LF351 10 .10 . 200 25 13 16
LF351A 2 10 100 25 13 16
LF351B 5. 10 200 25 13 16
LF355 10 5 200 25 5 25
LF355A 2 5 (max) 50 25 5 25
LF356 10 5 200 25 12 15
LF356A 2 5 (max) 50 25 12 15
LF357 10 5 .200 25 50 15
LF357A 2 5 (max) 50 25 50 15
LFT355 0.5 5 (max) 50 50 5 20
LFT356 0.5 5 (max) 50 50 12 12
LF13741 15 10 200 25 0.5 37
BI-FET Il DUAL OP AMPS (Characteristics for Each Amplifier) (Note 3)
LF353 10 10 200 25 13 16
LF353A 2 10 100 25 13 16
LF3538 5 10 200 25 13 16
BI-FET Il QUAD OP AMPS (Characteristics for Each Amplifier) (Note 3) )
LF347 - 10 ’ 10 200 25 13 16
LF347A 2 10 100 25 13 16
LF3478 5 10 200 25 13 16




Li-L

SELECTION BY DESIGN PARAMETER

ADDITIONAL NS PRODUCTS USING
BI-FET TECHNOLOGY

Max Input Offset 0.5 mV 2mV 5mV . 10 mV 15 mV
Voltage LFT155/LFT156 | LF155A/LF355A | LF351B° LF355/LF356/LF357 LF13741
(Ta =25°C) LFT355/LFT356 | LF156A/LF356A | LF347B LF351
LF357A : LF3538 LF353
LF351A LF155/LF156/LF157 LF347
LF353A LF255/LF256/LF257
LF347A
Max Input Bias 50 pA 100 pA 200 pA
Current LF155A/LF156A/LF157A LF155/LF156/LF157 | LF355/LF356/LF357
(Ty=25°C) LFT155/LFT156 LF255/LF256/LF257 | LF351/LF351B
LF355A/LF356A/LF357A LF351A | LF347/LF347B
LF353A LF353/LF3538
LF347A LF13741
Typ Equivalent 12 nV or Less 15nV To 20 nV 25nV To 37 nV
Input Noise Voltage | LF156/LF156A | LF356 LF351 LF155 LF355 LF13741
perv/Hz, f=1000 Hz, | LF157/LF157A | LF356A LF351A LF155A LF355A :
Rg = 10082 LFT156 LF357 LF351B LFT155
LF256/LF257 LF357A  LF347 LF255
LF347A
LF347B
LF353
LF353A
LF353B
Typ Slew Rate 0.5 V/us 5 V/us 12 V/us 13 V/us 50 V/us
LF13741 LF155/LF155A | LF156 LF351 LF157
LFT155 LF156A | LF351A | LF157A
LF255 LFT156 LF3518 LF357
LF355/LF355A | LF256 LF353 LF357A
LFT355 LF356 LF353A
LF356A | LF353B
LFT356 | LF347
LF347A
LF347B

LF111 Comparator

LF198 Sample and Hold

LF11201 Series of Analog Switches
LF11331 Series of Analog Switches

LF 11508 Series of Analog Multiplexers
LF 152 Instrumentation Amplifier
LF13300 Integrating A/D Building Block

dwy do

| 11134-19/,134-19



Pressure

Transducer

Pressure Transducer
Selection Guide

TRANSDUCER ORDERING INFORMATION

LX1 7 03 A FN

—L———— STANDARD OPTIONS -

— Backward Gage Version (PX6B, PX7B)

— Fluid-Filled Version (PX6F or PX4F). .

— Nylon Package (PX7N)

— Stainless Steel Package (PX4S)

DF — Combine “D’" and “F'* Options (PX7DDF)
FN — Combine “F"" and “’N’* Options (PX7FN)
FS — Combine “F" and S’ Options (PX4FS)

nwzmow

PRESSURE TYPE
A — Absolute

D — Differential

G — Gage

PRESSURE RANGE (See Selection Guide)

PACKAGE TYPE

4 — Rugged Cylindrical Plumbed Fitting (PX4 Series)

6 — Hybrid IC for PCB Mounting (PX6 Series)

7 — Rugged Zinc or Nylon Housing with Optlonal
Plumbing (PX7 Series)

. TRANSDUCER SELECTION GUIDE

MAXIMUM RATINGS

DEVICE TYPE

LX1 — Linear Transducer, Pressure

TYPICAL CHARACTERISTICS

Excitation Voltage 30V Output Voltage Sensitivity to Excitation Voltage

Output Current Output Impedance <5092
Source 20 mA Electrical Noise Equivalent (0 < f<1kHz) 0.04% Span
Sink 10 mA Natural Frequency of Sensor Diaphragm > 50 kHz

Transducer Bias Current 20 mA Transducer Bias Current

Operating Temperature Range 0°Cto +85°C LX14XXA 7-10 mA

Storage Temperature Range —-40°C to +105°C LX16XXA, D, G 11-15mA

Lead Soldering Temperature (10 seconds)

260°C

— High Common-Mode Differential Version (PX7DD)

0.5%
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TRANSDUCER SELECTION GUIDE (Continued)
GUARANTEED SPECIFICATIONS
REFERENCE TEMPERATURE = 25°C OPERATING TEMPERATURE RANGE = 0°C to 85°C
= = it
— OPERATING |MaXxIMUM _VE=15Vpc REFERENCE PRESSURE = 0 psi
TYPE PRESSURE | OVER OFFSET CHARACTERISTICS SPAN CHARACTERISTICS
RANGE |PRESSURE - LINEARITY
OFFSET TEMP. SENSITIVITY TEMP.
CALIBRATION |COEFFICIENT REPEAIA,B'L'TY STABILITY [ -\ LigraTION | coerricienT | HYSTERESIS STABILITY
. *psi *psi . .0 REPEATABILITY *psi
v +psi/°C mV/psi +psi/°C +psi

ABSOLUTE PRESSURE DEVICES
LX1601A(F), LX1701A(F)(N) | 10 to 20 psia | 40 pisa 25051 0.0054 0.05 0.3 1,000 +20 0.0054 0.05 0.05
LX1602A(F), LX1702A(F)(N) |0 to 15 psia 40 psia 25403 0.0072 0.06 0.3 670 +13 0.0072 0.07 0.06
LX1603A(F), LX1703A(F)(N) |0 to 30 psia 60 psia 2.5+0.25 0.009 0.1 0.3 333 +6 0.009 0.16 0.10
LX1610A(F), LX1710A(F)(N) |0 to 60 psia 100 psia 2.5 40.25 0.018 0.2 0.6 167 3.3 0.018 0.36 0.24
LX1420A(F)(S) 0to 100 psia | 150 psia 2.5+0.25 0.030 0.4 1.0 100 +2 0.03 0.60 0.40
LX1620A(F), LX1720A(F)(N) |0 to 100 psia | 150 psia 2510.2 0.0216 0.4 1.0 100 +2 0.0216 0.60 0.40
LX1430A(F)(S) '|0'to 300 psia | 450 psia 2.5+0.25 0.090 1.0 2.0 33.3+0.67 0.09 2.0 1.0
LX1730A(F)(N). 0to 300 psia | 450 psia 2502 . 0.063 1.0. 2.0 33.3 0.67 0.063 2.0 1.0
LX1440A(F)(S) - 0to 1000 psia | 1500 psia 2.5%0.25 0.3 3.5 7.0 10 £0.2 0.3 6.0 30

. LX1450A(F)(S) 0 to 2000 psia | 3000 psia 2.5%0.25 0.6 7.0 14 5%0.1 0.6 20.0 7.0
LX1460A(F)(S) 0 to 3000 psia | 4500 psia 2.5+0.25 0.9 10.0 20.0 3.33 £0.067 0.9 30.0 10.0
LX1470A(F)(S) 0 to 5000 psia | 5000 psia 2.5%0.25 1.5 17.0 35.0 2+0.04 1.5 75.0 17.0
GAGE PRESSURE DEVICES
LX1601G(B),LX1701G(B)(N)* |-5 to +5 psig | 40 psig 7.50.5 0.0054 0.05 0.3 1,000 +20 0.0054 0.05 0.05
LX1611G(B),LX1711G(B}{N)* | -5 to +5 psig | 100 psig 7.5+0.5 0.0054 0.05 0.3 1,000 +20 0.0054 0.05 0.05
LX1602G(B),LX1702G(B)(N)* |0 to 15 psig 40 psig 2.5+0.3 0.0072 0.06 0.3 670 13 0.0072 "0.07 0.06
LX1603G(B),L.X1703G(B)(N)* |0 to 30 psig 60 psig 2.5+0.25 0.009 0.1 0.3 73336 0.009 0.16 g*o
LX1604G(B),LX1704G(B)(N)* |-15 to +15 psig| 40 psig 7.5 +0.25 0.009 0.1 0.3 33346 0.009 0.16 10
LX1610G(B),LX1710G(B)(N)* |0 to 60 psig 100 psig * 2.5 %0.25 0.018 0.2 0.6 167 +3.3 0.018 0.36 0.24
LX1620G(B),LX1720G(B)(N)* |0 to 100 psig | 150 psig 2.5+0.2 0.0216 0.4 1.0 100 £2 0.0216 0.60 0.40
LX1730G(B)(N)* 010 300 psig | 450 psig 2.50.2 0.063 1.0 2.0 33.30.67 0.063 2.0 1.0
DIFFERENTIAL PRESSURE DEVICES
LX1601D(F), LX1701DD(F) |-5to +5psid | 40 psid 7.5%0.5 0.0054 0.05 0.3 1,000 +20 0.0054 0.05 0.05
LX1611D(F), LX1711DD(F) |-5to +5psid | 100 psid 7.5%0.5 0.0054 0.05 0.3 1,000 20 0.0054 0.05 0.05
LX1602D(F), LX1702DD(F) |0 to 15 psid 40 psid 2.5+0.35 0.0072 0.06 0.3 670 13 0.0072 0.07 . 0.06
LX1603D(F), LX1703DD(F) |0 to 30 psid 60 psid 25%0.3 0.009 0.1 0.3 333 16 0.009 0.16 0.10
LX1604D(F), LX1704DD(F) |-15to +15 psid| 40 psid 7.5%0.3 0.009 0.1 0.3 333 +6 0.009 ' 0.16 0.10
LX1610D(F), LX1710DD(F) |0 to 60 psid 100 psid 2.5 +0.25 0.018 0.2 0.6 167 3.3 -0.018 0.36 0.24
LX1620D(F), LX1720DD(F) “ |0 to 100 psid | 150 psid 2.5%0.2 0.0216 0.4 1.0 100 *2 0.0216 0.60 0.40
LX1730DD(F) 01to 300 psid | 450 psid 2.5%0.2 0.063 1.0 2.0 33.3 0.67 0.063 2.0 1.0
tReference pressure for LX1601A and LX1701A is 10 psia.
*Available as LX17XXGB or LX17XXGN

Jadnpsuel |

ainssaid



Pressure

Transducer

PRESSURE TRANSDUCER FEATURE CHART

) High '
Stainless . . . Common- Fluid- Backward
Brass Ceramic Nylon Zinc . X :
Feature Housin Steel Package Housin Housin Mode Filled - Gage
9 Housing 9 9 9 | Differential Isolator Isolator
Housing o ‘
Product ~ ’
LX14XX LX14XXA | LX14XXAS LX14XXAF
Absolute LX14XXAFS
LX16XX LX16XXA LX16XXAF
Absolute
LX16XX LX16XXG ‘| LX16XXGB
Gage .
LX16XX LX16XXD LX16XXDF
Differential
LX17XX LX17XXAN [ LX17XXA LX17XXAF
Absolute LX17XXAFN
LX17XX LX17XXGN [LX17XXG LX17XXGB
Gage (Zinc)
LX17XX LX17XXDD
Differential (Brass) LX17XXDDF
Pa.ckage Key
' TYPE PACKAGE
LX14XXA(S) PX4(S)
LX14XXAF(S) PX4F(S)
LX16XXA PX6
| LX16XXG PX6
“LX16XXGB PX6B
-LX16XXD(F) . PX6D(F)
LX17XXA(F)(N) | PX7(F)(N)
LX17XXG(N) . PX7(N)
LX17XXGB PX7B’
LX17XXDD(F) PX7DD(F)

1-14




CAUTION: DO NOT APPLY WRENCH
TORQUE HERE

13

BRASS OR —
(33.02)

STAINLESS STEEL

AVAILABLE 0.940

RED . {23.876)
Ve 1] \\ .
GREEN M
vp 2] 1\ - —
BLACK _ _:
GND 3] \ U
—
0.25 0.560
3 ™~ 1a.220) |
10 X (6:35) { ! ALIGNMENT OF
MIN —MAX —————— HEX FLATS IS
(254) (63.5) ] ARBITRARY
PX4(s) :
1/4” NPT Pressure Transducer Package
Wt: 100 G :
4.300 10.0 0250
2.00 1430 (109.22) (254.0) T(—EI ﬁ:‘os)n
(50.80) (36.322) FLYING
LEADS
q
=
C————=GREEN
] ? BLACK
q 1 ‘ 18 AWG WIRE

1/4 NPT

TRANSDUCER GAGE PROTECTOR

EPOXY POTTING
1" HEAT SHRINK TUBING
1/8” NPT
PX4F(S)
1/4" NPT Pressure Transducer Package, Fluid Filled
Wt: 700 G

.
0330 |
| (8.382) ‘
0.020
i 0.420
0.260 {0508) oS = 0.200
(6.604) TYP . : (5.080)
L Ri===t~
a = vp -2——.9
0.820 1 oo 25 0.800 g | 0420
(20.828) NC* S—15) {20.320) (10.668)
' t nex 2B ~ -
i ? ve P -
T
0.400  0.100 0.200 ’ ‘ 0.750 ’ 0.200
— T — P
(10.160) (2.540)  (5.080) {19.050) (5.080)
TYP + : __*| —
o.00 (35:551)
(0.254) MAX
. ’ o200
{5.080)
PX6
0.2” Port, Hybrid Pressure Transducer Package
Wt: 5G

190npsues |
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Pressure

Transducer

030 |
| 8:382)
0.020
: 0260 o508 _baz
= (s {10.668)
{6.:60) Ve :
R [ n E—
0820 i ono 2 0420
{20.828) nex [(10668
4 e+ & ]
. 1 ; e E— -
| |
040 0100 0200 | \ 0.750 0.200
{10160) 2540)  (5.080) ! {19.050) {5.080)
VP i
|
0.010
0.258)
I
__. L o0
{5.080)
PX6B .
0.2 Port, Hybrid Pressure Transducer Package
Wt: 5G
i n.s:o| -
(8382) |
0.020
0.420
0.260 {0:508) —h‘ fi5e8 0200
{6 604) TYP | {5.080)
L — 1
0.820 [} anp 2 D
(20828) 1 Nex {10.668)
Ne* 2
77}4‘“ Ve — - L
T - :
0400 0100 0200 \ | 0.750 0.200
el . o R [ ISR . L A ...
{10.160) {2560)  {5.080) {19 050) {5.080)
=
0.010 %
0258} (e
. N |
L o0
{5.080)
. PX6D
0.2" Port, Hybrid Pressure Transducer Package
Wt: 5G
0.020
{0:508)
TYP
P
| ouTPuT [ BROWN y 1] TF
084} o=—= crouno [Reo 2 | 1.032 1200 2
(zum* oo noT [ | ORANGE ) 3 | (26213) (31496 \|
connecT | [vettow | |4 |
I eXcITATION [GREEN | [ |
0.100 0531 @
{25a0) ~ f3aen
TYP 6o 1.405
3302 {35.687)
L :L{!Q 1 }
| 0672
- T (17.018)
X 0974
MOLDED ! {287a0)
CONNECTOR T
| 1374
| (3a.900)
. ;
|
\ i
U
t -
0690 v
N T 1/8:27 NPT T0 1/2 HEX
PX7 .

1/8"” NPT Zinc Cast Prassure Transducer Package
Wt: 100 G (Zinc), 50 G (Nylon — With Identical
Mechanical Performance)

0210
(5.334)
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0.020 o
0020 —_—
{0.508) r\ _ \
® r
e[ |
[ ——o—  oureur | .
088 | o=—= Grounp 1.032 1280 B
m' a—= oonor @6213) {31.436)
Yo connect — —
T EXCITATION
0.100 0.531 ‘ |
250 = e T_
Tve 13 1405
= T e T T e {35.687) .
_&:‘L__‘\IK"A T
| N b
. | 0.672 ‘ |
T (o]
) | 09m4
motoeo -~ | {24740 -
] .
CONNECTOR : i
| {33900
i \ g
| ‘\ I ,’7 ‘
| R 1
| t
i 0690 - U
~— e | 1/827 NPT TO 1/2 HEX
PX78B
1/8" NPT Zinc Cast Pressure Transducer Package
Wt: 100 G (Zinc)
0.020 '
(0.508) \
, o)\

g

——e=——q oureut[BROWN ] J T |
0sae GROUND [ RED 2 | 1932 e}
@iam uuum{ ORANGE { ) 3 | (@9.073)
1 = connect | [YELLOW 2|
l T exciraTion [ GReen | 5 |

n,fuu 0.531

{2540) {13a87)
TvP

Q

-

0.625

0.250
B {6.350)
3302)
0.672
) o)
' // . 1412
MOLDED LS
CONNECTOR B (35.865)
0375
(9.525)
1/8-27 ENPT 41—
1
0.690
17526
N PX7DD
- 1/4" NPT Brass Pressure Transducer Package
Wt: 270G

1/4-20 TAPPED

/MDUNTING HOLES (2)
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National
Semiconductor

Analog-to-Digital Converters

ADB1200(MM5863) 12-Bit Binary A/D Building Block

general description

The ADB1200 is the digital controller for the LF13300D*
analog building block. Together they form an integrating
12-bit A/D converter. The ADB1200 provides all the
necessary control functions, plus features like auto
zeroing, polarity and overrange indication, as well as
continuous conversion. The 12-bit plus sign parallel and
serial outputs are TRI-STATE® TTL level compatible.
The device also includes output latches to simplify
data bus interfacing.

*See LF13300D data sheet for more information

features

12-bit binary output

Parallel or serial output
TRI-STATE output

Polarity indication

Overrange indication

Continuous conversion capability
100% overrange capability

5V, —15V power requirements
TTL compatible

Clock frequency to 1 MHz

circuit diagram/typical application

S

12-Bit A/D Converter

15V O
[ S -
POWER
o[
_15V O— 4
18 v-T4 1 vt]2 Vgg | 25 Vss § 24
. 16 3 26 ; 3
Y. SE— (T COMP OUT comp por Pl PoLARITY:
16
" P » OR =P OVERRANGE
[0 e— L - - _
vx X RU RU mss = 21 1
ANALOG 18 2 2 gl
PO/AU+
o[ AG PD/RU+ U+ LR
= 12
M 15 7 20 —> 2 '
oc oc 11
—p 25
10
8 —t
12 19 12817 TRI-STATEY
LF13300 R AR
F13 R . ADB120D 9 ) ;-7 [BINARY [ DATA OUTPUT
001 4F 8 s
POLYPROPYLENE 13] op amp o6 B L1 P, »>2
CAPACITOR out Ly -9
0.1 uF 3
. 12 2| el
Coc2 PIs 5
ey 211
LOW LEAKAGE i L5 fp 212
11 1 LS8 2-
: MYLARS ‘—-l I— Coct SCLK 3 J
! CAPACITORS .. OE
0.1 4F : 23 | » END OF
10 DIGITAL £0C
Coc3 CONVERION
—-l I-— GND oLk sc J
27 2
250 kHz START
CLOCK . CONVERSION

INPUT

21
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ADB1200(MM5863)

absolute maximum ratings.

Supply Voltage (Vgg)
Supply Voltage (VGG)
Voltage at Any Input
Operating Temperature
Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics’

5.25V

-16.5V

5.25V

0°C to +70°C
—40°C to'+150°C
300°C

Vss =5V, VGG = —15V, 0°C to +70°C, unless otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Pdwer Supply Voltage (Vss) l 4.75 5.00 5.25 ) \)
Power Supply Voltage (VGG) -135 | -16.00 | -165 v
Power Supply Current (Igg) 28 mA
Power Supply Current (IGG) 34 mA
Logic “1"" Input Voltage 3.4 \Y
Logic 0" Input Voltage ) 0.8 \%
Logic *1"" Output Voltage Vgs =4.75V, IoH = 100 A 3.8 \"
Logic ‘0" Output Voltage Vgs =5.25V, IgL = —1.6 mA 0.4 \%
Width of EOC Auto Cycle o 5/f sec
Prop. Delay COMP to EOC w 5/F+1 s sec
Output Enable Time OE to Any Data Outbut, 1.0 us

’ sc=1,P/S=0
Output Disable Time OE to Any Data Output, 2.4 us

sC=1,P/S=0 ‘
Output Enable Time P/S to An&(v'Data Output 0.9 us
Except Polarity, SC = 1,
'GE-=0 - ..
Output Disable Time P/S to Any Data Output 2.2 us
Except Polarity, SC =1,
OE=0 .
Output Enable Time SC‘to' Any Data Output, 1.0 us
OE=0,P/S=0
Output Disable Time SC to Any Dat? Qutput, ' 2.4A us
‘ OE=0,P/s=0
Prop. Delay Serial Clock SCLK to POL/SDO 0.6 .S
Conversion Time Full Scale 8966/f sec
Conversion Time 100% Overrange . 13062/f sec
Maximum Clock Frequency CLK, Pin 27 500 1000 |~ kHz
Maximum Serial Clock Frequency SCLK, Pin 1 500 1000 kHz

22




block diagram

Digital Control Integrated Circuit

(¢98SWW)00ZIaay

ADB1200
VREF Vin CLOCK
GENERATOR ] OVERRANGE OVERRANGE
: verecron. ¥ —p INDICATION
(0R)
(CLK) R
13BIT - }
COUNTER N
- 12,817
i i 12 LINES ) PARALLEL
. . . OUTPUT
SERIAL CLOCK N
BI-FET ANALOG (SCLK) > TRI-STATE®
INTEGRATED CIRCUIT & BUFFERS
LF13300 CONTAINING | COMPARATOR IN (COMP) i
OP AMP, SWITCHES,
COMPARATOR AND v
RELATED CIRCUITRY| . .
eouaniry | | o POLARITY/SERIAL DATA
LATCH * (POL/SDO} .
VL v v
< T swiTcH conTROL -
- » END OF CONV. (EOC)
START CONV. (SC) »>
OUTPUT ENABLE (DE) > Tgllu'sATsﬁE
PARALLEL/SERIAL (F/S) »

connection diagram

Dual-In-Line Package

(SCLK) SERIAL cujcK i 128 (P/S) PARALLEL/SERIAL

SELECT
(SC) START conveRsion =2 . 2L, (cLK) INPUT CLOCK
(GF) QUTPUT ENABLE — 26, mgmf’ COMPARATOR
: (LSB) LEAST (,_12 _4] 25
SIGNIFICANT BIT |2 Vee
5 2
21— — Vss
2-10 8] 23 (E0C) END OF
. CONVERSION
2-9 =i 22 (RU-) RAMP NEGATIVE
_g 8 | 21 (PD/RU+) POLARITY
2 DETECT/RAMP UNKNOWN
PARALLELDATA } ;.8 : |20 (0C) OFFSET
ouTPUT LINES ) 2 CORRECTION
61y 12 (RR) RAMP REFERENCE
2-5 l .E. GND
2 17 (POL/SDO) POLARITY/SERIAL
2 DATA OUTPUT
13
2-3 = L€ (0R) OVERRANGE
PRLI 15_2-1 (msg) mosT
22— SIGNIFICANT BIT

TOP VIEW .

Order Number ADB1200PCN
See NS Package N28A -
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ADB1200(MM5863)

functional description
OPERATION

The ADB1200 is designed for use with the LF13300
analog front end. Four control signals are supplied to
the LF13300 and 1 control signal is required from the
LF13300. The conversion cycle is composed of 5

distinct phases. They are: Phase | — Offset Correct;

Phase Il — Polarity Detect; Phase IIl — Initialization;

Phase lV'— Ramp Unknown; Phase V — Ramp Reference. °

Phase | — Offset Correct (256 Clock Periods)

This phase is initiated by taking the Start Conversion
(SC) and the Output Enable (OE) lines to a logic “1".
At this time, Offset Correct (OC) will be a logic 1.
The LF13300 requires this phase to correct any intrinsic
offset voltage errors prior to the polarity detect phase.

Phase Il — Polarity ‘Detect (256 Clock Periods)

This phase is used to determine polarity of the analog
input. At the midpoint of this phase, COMP from the
LF13300 is examined for ‘polarity. If COMP = logic
1", then the input voltage is positive. If COMP =
logic ““0”, then the input is negative. The Polarity
Detect signal (PD/RU+) will be at a logic ““1"’ during
this entire phase. The above operation is also necessary
to determine which integrator input (positive or negative)
of the LF13300 should be used for proper A/D conver-
sion (see LF13300 data sheet).

Phase 111 — Initialization (256 Clock Periods)

This phase is identical to Phase | and is used by the
LLF13300 to eliminate any offsets induced as a result of
the Polarity Detect Phase. Offset Correct (OC) will be at
a logic “'1".

Phase IV — Ramp Unknown (4096 Clock Periods)

The unknown input voltage is integrated for a fixed
time, 4096 clock periods, during this phase. The result
of the Phase |l Polarity Detect Cycle determines whether
PD/RU+ or RU— will be atlogic “1". If Phase |l indicates
a positive input, the PD/RU+ signal will be a logic “1".
If phase Il indicates a negative input, Ramp Negative

truth table

(RU—) will be a logic ““1”. These 2 signals will never be
at logic *'1"" simultaneously.

Phase V — Ramp Reference

This phase is a variable length phase depending on the
magnitude of the analog input voltage. During this time,
Ramp Reference (RR) will be in the logic “1' state.
When COMP goes to a logic “0" state, or when the
internal counter reaches 100% of full scale (8192 clock
‘periods), the Ramp Reference (RR) signal goes to the
logic “0" state, the counter output is loaded into the
output register, and the End of Conversion (EOC)
signal goes to a logic “1". The Polarity Bit will reflect
whatever value was determined during Phase Il. The
output register will hold the data until a new conversion
is completed and new data is loaded into the register.
The OE line must be low in the logic ’0” state and SC
must be high in the logic *’1" state to enable the outputs.

DATA OUTPUTS

Both serial and parallel outputs are available. In either
case, OE must be low and SC must be high to enable
the outputs. For parallel output, the P/S line must_be
low in the -logic 0" state. For serial outputs, the P/S
line must be high. In the serial mode, the data is shifted
out of the Polarity/Serial Output (POL/SDO) line and all
othgr data outputs are in the high impedance state.
Each Serial Clock (SCLK) will right shift the output
register one bit. Thus, 13 clock pulses are required to
fully shift out the data. The data will be shifted out in .
the following order: Polarity, Overrange, MSB, 2SB,
3SB, ..., LSB. If OE and P/S are in the logic ‘0"’ state
and SC in the logic 1" state, all outputs will momen-
tarily go to the logic 1" state for 1 clock period
immediately preceding EOC.

'CONTINUOUS CONVERT MODE

In this mode, the End of Conversion (EOC) output is
connected to the OE input. As long as SC is in the
logic 1" state, then each EOC will initiate a new con-
version. The data outputs will be disabled for the first
5 clock cycles after EOC goes high.

OVER-

INPUT SC | OE | P/S | LSB-: MsB RANGE POLARITY
100% Full Scale 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Full Scale 1 0 0 1 11 1 1 1 -1 1 1 1 1 0 1
Zero 1 0 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Zero 1 0 ol o 0 0 0 0 0 0 0 0 0 0 o] 0 0
—Full Scale 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0
—100% Full Scale 1 0 0 1 101 1 1 1 1 1 1 1 1 1 1 0
Any 1 1 X z z z z z z z z z z z z z z
Any 1 0 1 -Z z z z 4 z z z z z z z Z . |Serial Output
Any 0 X X z z z z z z z r4 z z z r4 z z

1 =High

0=Low

Z = High Impedance
X = Don’t Care
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timing diagrams

Output Enable/Disable Time

OE ORP/S 2
—

TRI-STATE"” ¥ 40

DISABLE ENABLE
DELAY DELAY

)

DATA OUTPUT 50%

Serial Clock Delay

SCLK

— : PROP. DELAY
POL/SDO a0
0.4
|
Output Enable/Disable Time
sC 2
DATA 50% TRI-STATE )
ENABLE DISABLE
DELAY

DELAY

FIGURE 1. Parallel Data

Serial Output

EOC (OF)

SCLK

POL/SDO

L— 28B ° LS8
msB

ov

POLARITY

P/

sC

|

|
~
—

FIGURE 2. Serial Data

25

i (€98SININ)00Zaay



ADB1200(MM5863)

timing diagrams

(Continued)

Positive Input

PHASE | PHASE Il PHASE I1I PHASE IV PHASE V
OFFSET | POLARITY | INITIAL- RAMP : RAMP
CORRECT DETECT 1ZATION UNKNOWN REFERENCE
I " I
ek [ L] .
sc | .
oc [ zexi | I 286X 11| I
PD/RU+ | 256 X 1/¢ | | A0BEX 1/ 1
AR [<ew2x i |
COMP SRS R Lm
EOC (0E) | s/f | 5/f |
/
TRt DATA FROM PREVIOUS CONVERSION. >—C
TRISTATE®
- Negative Input
oc | 256 X 1/f | ) | 286X 1| |
PD/RU+ | X |
RU- ~ | 4096 X 1/ 1
RR [<siezxm l ]
comp R RR0808808 LR
EOC (OF) | s/ 5/f

FIGURE 3. Continuous Conversion Mode

SCNO.i—-r_—I — 2

wd | .

EOC NO. i —I I

TRI-STATE®

DATA BUS

@——

FIGURBA4. ith A/D Converter Data Retrieval Sequence




typical applications (Continued)

Multi A/D Converter System on Common Bus

Nl DATA BUS B
Vx1 o—J A/DNO.1 VxjO=—{ A/DNO.i Vm O A/DNO.m
. CONTROL AND POWERBUS

ith A/D Converter -

TRI-STATE® QUTPUTS TO DATA BUS

T" Tﬂi t5 114 T13 T12 Tﬁ Tﬂl TB Ts T7 TG Tﬁ T4

POL DR MSB LSB 2
st
ADB1200 cocf2
' 27
CLK ey
COMP RU- PD/RU+ OC RR GND P/S SCLK ) Vgg Vss O
26 |22 |21 Jao 19 [18 [8 | - ) 25 2 |3
3 5 I s %
COMP RU- PD/RU+ OC  RR DG . ool
4
LF13300 v
BUF v
L Vx_out ou7 VR _AG Coc2 Coc1 Coc3
17 |15 |IA Iu Im 18 [z [i1 |
LOW LEAKAGE :
VXi 0.01 4F MYLAR * 18V -15V GND 5V OFE  250kHz EOC** sc**
POLYPROPYLENE : CLOCK NO.i NO.i
\ —

CONTROL ANvD POWER BUS

*May be common or separate. Care should be taken to avoid ground currents
**Direct or multiplexed access to the processor
Note. This application is related to Figure 4 of timing diagrams
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ADCO800
- (MM4357B/MM5357B)

National
Semiconductor

~ Analog-to-Digital Converters

ADCO0800(MM4357B/MM5357B) 8-Bit A/D Converter

R-NETWORK Vin
BoTTOM ANALDG
INPUT

v _ v .
' 7 TRISTATE®.
: ouTPUT
8-BIT ENABLE
LATCH 18 Vpp

4 13 |2 !1 lﬁ!\ﬁ!“lﬂ
MmsB LsB

- COMPLEMENTARY
DIGITAL OUTPUT

(00000000 = +full-scale)

General Description Features
The ADCO0800 is an 8-bit monolithic A/D converter ® Low cost
‘using P-channel ion-implanted MOS technology. It m +5V, 10V input ranges
cor.\tains a high input impgdance comparator., 256 = No missing codes
series resistors and analog switches, control logic and = Ratiometric conversion
output latches. Conversion is performed using a succes- " hat Ic conversio
sive approximation techniqué where the unknown ™ TRI-STATE-outputs
analog- voltage is compared to the resistor tie points = Fast Tc=50us
using analog switches. When the appropriate tie point m Contains output latches
voltagle matzhers‘ tzle‘urlmknown voltagg, conélebr'sibn is ® TTL compatible
complete and the digital outputs contain an 8-bit com- . _
plementary binary word corresponding to the. un- Supply Yoltages 5Vpcand 12V|?c
known. The binary output is TRI-STATE® to permit . R.esolu.tlon 8 bits
bussing on common data lines. . ® Linearity +1LSB
E ' m Conversion speed 40 clock periods
The ADCO800PD is specified over —55°C to +125°C w Clock range 50 to 800 kHz
and the ADCO800PCN and ADCO800PCD are spec-
ified over 0°C to +70°C.
Block .Diagram
(P‘Il\i'lggs
RANETHORK BODY)
Q15 10
I P} — L octock
P-RESISTOR
I L N-BODY |
a50 —= 1
' | 1 v v |
256R ] I . i)
I 200 NETWORK I
L — ‘ 8 _~START
| s . < I O conversion
l T ANALOG | SELECTION
| I SWITCHES * AND
— CONTROL
I l : |L <_4+ S LoGIC l
.. le EnDOF
| 300 I : I —-I—O CONVERSION
) 1 \m:.— — : (EOC)
. , |
I 150% l I 7'y 'y
| L ~——1 "
— — 4 ‘ ~Veo

X

DIGITAL GROUND




Absolute Maximum Ratings

Supply Voltage (VpD)

Supply Voltage (VgG)

Voltage at Any Input

Storage Temperature

Operating Temperature
ADC0800PD
ADCO0800PCN, ADC0800PCD

Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

Vgg—22V

Vgs—22V

Vgg + 0.3V to Vgg—22V
150°C

-55°C t0 +125°C
0°C to +70°C
300°C

These specifications apply for Vgs = 5.0 Vpc, VGG = —12.0 VpC, VDD = 0 Vpc, a reference voltage of 10.000 Vp¢ across
the on-chip R-network (VR.NETWORK TOP = 5.000 Vpg and VR-NETWORK BOTTOM = —5.000 Vpc), and a clock fre-
quency of 800 kHz. For all tests, a 47552 resistor is used from pin 5 to ground. Unless otherwise noted, these specifications apply
over an ambient temperature range of —55°C to +125°C for the ADCO800PD and 0°C to +70°C for the ADCO800PCN and

the ADCOBOOPCD.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Non-Linearity Ta = 25°C, (Note 1) +1 LSB
Over Temperature, (Note 1) +2 LS8
Differential Non-Linearity *1/2 LSB
Zero Error +2 LSB
Zero Error Temperature Coefficient . (Note 2) 0.01 %/°C
Full-Scale Error +2 LSB
Full-Scale Error Temperature Coefficient | (Note 2) 0.01 %/°C
Input Leakage "1 UA
Logical “1” Input Voltage All Inputs Vss—1.0 Vss
Logical “0" Input Voltage All Inputs VGG Vgs—4.2
Logical Input Leakage Ta = 25°C, All Inputs, V|| = ) 1 T A
Vgg — 10V
Logical “’1"" Output Voltage All Outputs, IgH = 100 uA 2.4 \%
Logical /0" Output Voltage ( All Outputs, oL = 1.6 mA 0.4 \%
Disabled Output Leakage Ta = 25°C, All Outputs, VoL = ‘ 2 LA
Vgs @ 10V
Clock Frequency 0°C< Ta < +70°C 50 800 kHz
-55°C < Ta < +125°C 100 500 kHz
Clock Pulse Duty Cycle 40 60 %
TRI-STATE Enable/Disable Time 1 o oms
Start Conversion Pulse (Note l3) 1 31/2 Clock
Periods
Power Supply Current Ta= 25‘?C 15 mA

Note 1: Non-linearity specifications are based on best straight line.

Note 2: Guaranteed by design only.

Note 3: Start conversion pulse duration greater than 3 1/2 clock periods will cause conversion errors.

2-9
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ADCO0800

(MM4357B/MM5357B)

Timing Diagram

45V — '
CLOCK o
INPUT
+5Y —— !
START
CONVERSIDN
ov
5V =
EOC \ 40 X (1/f) II
o . .
+5V
ouTPUT / 50% ' \ 50%
ENABLE / N
S v
; 1
v A 0% 90%
DATA 0 itk b o (U » -~ -
. v
ENABLE DISABLE
pELAY | [T pELAY | |~

Application Hints
OPERATION

The ADCO0800 contains a network with 256-3009
resistors in series. Analog switch taps are made at the
junction of each resistor and at each end of the net-
work. In operation, a reference (10.00V) is applied
across this network of 256 resistors. An analog input
(VIN) is first compared to the center point of the
ladder via the appropriate switch. If VN is larger than
VREF/2, the internal logic changes. the switch points
and now compares VN -and 3/4 VREF. This process,
known as successive approximation, continues until the
best match of V{N and VREF/N is made. N now defines
a specific tap on the resistor network. When the conver-
sion is complete, the logic. loads a binary word corres-
ponding to this tap into the output latch and an end of
conversion (EOC) logic level appears. The output latches
hold this data valid until a new conversion is completed
and new data is loaded into the latches. The data transfer
occurs in about 200 ns so that valid data is present
virtually all the time. Conversion requires 40 clock
periods. The device may be operated in the free run-
ning mode by connecting the Start Conversion line to
the End of Conversion line. However, to ensure start:up
under all possible conditions, an external Start Conver-
sion pulse is required during power up conditions.

REFERENCE

The reference applied across the 256 resistor network
determines the analog input range. VREF = 10.00V
with the top of the R-network connected to 5V and the
bottom connected to —5V gives a *5V range. The
reference can be level shifted between Vgg and VGG.
However, the voltage, which is applied to the top of the
R-network (pin 15), must not exceed Vgg to prevent

forward biasing the on-chip ' parasitic silicon diode

which exists between the P-diffused resistors (pin 15)
and the N-type body (pin 10, Vgg). Use of a standard
logic power supply for Vgg can cause problems, both
due to initial voltage tolerance and changes over tem-
perature. A solution is to power. the Vgg line (16 mA
max drain) from the output of the op amp which is
used to bias the top of the R-network (pin 15). The
analog input voltage and the voltage which is applied
to the bottom of the R-network (pin 5) must be at

Data is complementary binary (full scale is all “’0’s"’ output).

least 7V above the —Vpp supply voitage to insure
adequate voltage drive to the analog switches .

Other reference voltages may be used (such as 10.24V).
If a 5V reference is used, the analog range will be 5V
and accuracy will be reduced by a factor of 2. Thus, for
maximum accuracy, it is desirable to operate with at
least a 10V reference. For TTL logic levels, this requires
5V and —5V for the R-network. CMQOS can operate at
the 10 Vpc Vss level and a single 10 Vpg reference
can be used. All digital voltage levels for both inputs and
outputs will be from ground to Vgg.

ANALOG INPUT AND SOURCE RESISTANCE CON-
, SIDERATIONS '

The lead to the analog input (pin 12) should be kept as
short as possible. Both noise and digital clock coupling
to this input can cause conversion errors. To minimize
any input errors, the following source resistance consid-
erations should be noted:

No analog input bypass capacitor
required, although a 0.1 uF input
bypass capacitor will prevent pick-
up due to unavoidable series lead
inductance.

For Ry <5k

A 0.1 uF capacitor from fhe input
(pin 12) to ground should be used.

For 5k < Rg < 20k

For Rg > 20k Input buffering is necessary.

If the overall converter system requires lowpass filtering
of the analog input signal, use a 20-kQ2 or less series
resistor for a passive RC section or add an op amp RC
active lowpass filter (with its inherent low output
resistance) to insure accurate conversions.

CLOCK COUPLING

The clock lead should be kept away from the analog
input line to reduce coupling.

LOGIC INPUTS

The logical “1’’ input voltage swing for the Clock, Start
*Conversion and Qutput Enable should be (Vgg — 1.0V).




Application Hints (continued)

CMOS will satisfy this requirement but a pull-up resistor
should be used for TTL logic inputs.

RE-START AND DATA VALID AFTER EOC

The EOC line {pin' 9) will be in the low state for a maxi-
mum of 40 clock periods to indicate “busy’’. A START
pulse which occurs while the A/D is BUSY will reset the
SAR and start a new conversion with the EOC signal
remaining in the low state until the end of this new
conversion. When the conversion is complete, the EOC
line will go to the high voltage state. An additional 4
clock periods must be allowed to elapse after EOC goes
high, before a new conversion cycle is requested. Start
Conversion pulses which occur during this last 4 clock
period interval may be ignored (see Figures 1 and 2 for
high speed operation). This is only a problem for high
conversion rates and keeping the number of conver-
sions per second less than (1/44) x fcLOCK automati-
.cally guarantees proper operation. For example, for an
800 kHz clock, .18,000 conversions per second are
allowed. The transfer of the new digital data to the
output is initiated when EOC goes to the high voltage
state. :

POWER SUPPLIES
Standard supplies are Vgg = 5V, VGG = —12V and
Vpp = OV. Device accuracy is dependent on stability
of the reference 'voltage and has slight sensitivity to
" Vss — VGG. VDD has no effect on accuracy. Noise
spikes on the Vgg and VGG supplies can cause improper
conversion; therefore, filtering each supply with a
4.7 uF tantalum capacitor is recommended.

CONTINUOUS CONVERSIONS AND LOGIC CON-
TROL ' : :

Simply tying the EOC output to the Start Conversion
input will allow continuous conversions, but an oscilla-
tion on this line will éxist during the first 4 clock periods
after EOC goes high. Adding a D flip-flop between EOC
(D input) to Start Conversion (Q output) will prevent
the oscillation and will allow a stop/continuous control
via the “clear”” input.

To prevent missing a start pulse which may occur after
EOC goes high and prior- to the required -4 clock
period time interval, the circuit of Figure 7 can be used.
The RS latch can be set at any time and the 4-stage
shift register delays the application of the start pulse
to the A/D by 4 clock periods. The RS latch is reset
1 clock period after the A/D EOC signal goes to the low
voltage state. This circuit also provides a Start Conver-
sion pulse to the A/D which is 1 clock period wide.

A second control logic application circuit is shown in
Figure 2.. This allows an asynchronous start pulse of
arbitrary length less than Tg, continuously converts for
a fixed high level and provides a single clock period
start pulse to the A/D. The binary counter is loaded with
a count of 11 when the start pulse to the A/D appears.
Counting is inhibited until the EOC signal from the A/D
goes high. A carry pulse is then generated 4 clock
periods after EOC goes high and is used to reset the
input RS latch. This carry pulse can be used to indicate
that the conversion is complete, the data has transferred
to the output buffers and the system is ready for a new
conversion cycle.

JL

START CONVERSION
LI e g YV

1 r MM74C175
EQC o
(FROM A/D) ©
c c —~{C -1 C a
CLEAR CLEAR CLEAR CLEAR
I I ADCOB00
CLOCK ™
START
CONVERSION

MM74C02

FIGURE 1. Delaying an Asynchronous Start Pulse

T

START
CONVERSION

vt

1
- [~ '6LK  sranr
¥ (10 A/D)

CLEAR

Y MMIACI6

ENABLET  INPUTS
B¢

EOC
{FROM A/D) GND A

v

READY FOR OND veg” Vee N
NEXT CONVERSION

Vg ENABLE P Qg

Lo

ADCO800
CLOCKP——d ¢\ gck
D

D Vvge
1

FIGURE 2. A/D Control Logic

(g2SESSININ/FLSEPININ)
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ADCO800
(MM4357B/MM5357B)

Appllcatlon Hints (continued)
ZERO AND FULL'SCALE ADJUSTMENT

Zero Adjustment: This is the offset voltage required at
the bottom of the R-network (pin 5) to make the
11111111 to 11111110 transition when the input
voltage is 1/2 LSB (20 mV for a 10.24V scale). In most
cases, this can be accompllshed by having a 1 k§2 pot on
pin 5. A resistor of 475 can be used as a non-adjustable
best approximation from pin 5 to ground

Typic’al Applications
General Connection

oV -12v CLOCK

15 w il o n
‘ --—: OUTPUT ENABLE .
ADC0800 . st

(O 3 -
) | earworo
v ‘

Hi- Voltage CMOS Output Levels

ollW

-V v
15 f1n I: Iv:

ADCO800

OV to 10V Vyp range
0V to 10V output levels

Level Shifted Zero and Fuil-Scale for Transducers

Level Shifted input Signél Range

85

PERCENT OF Vpgg (%)

)

Full-Scale Adjustment: - This is the offset voltage required
at the top of the R-network (pin 15) to make the
00000001 to 00000000 transition when the input
voltage is 1 1/2 LSB from full-scale (60 mV less than
full-scale-for a 10.24V scale). This voltage is guaranteed

. to be within 2 LSB for the ADC0800. In most cases,

this can be accomplished by having a 1 k2 pot on pin
15.

Ratiometric Input Signal with Tracking Reference

+5v

>
< <
::ﬂl ’4‘

15 10

v
POTERTIOMETRIC & o/ 12
TRANSDUCER S Apcosso

4

o
“v

+5V

VA~
=22
=

) ' ‘,
¥ FuLL SCALE .
15 1

10.00v
VREF . ADCO800
s s |2
" & 48ITWORD
) :{mn
AAA Vi

R1 and R2 change the effective input range
-12v by 1V/10kQ .

Y
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Typical Applications (continued)
VREF = 10 Vpc Wi

th TTL Logic Levels

ANALOG

15Voe INPUT
+ 5Vpe .10
A1 M *
- T a7uf T
15 = =
n 9
cLock O—f —o0 eoc
5Vpe ADC0B0D
START 4 OUTPUT
, CONVERSION ENABLE
4,99k
1%

8.BIT
‘ WORD
4 1uf
*See application hints

'”"ﬂc A1 and A2 = LM358N dual op amp

VREF = 10 Vpc With 10V CMOS Logic Levels

27k 69Vpg

15Vpe 15Y

10
1/2 LM358

ANALOG
INPUT

W1% gy
CLOCK O——7

>
>
(53
START,
J'__ ouvmswno_

4

Voc
0
VAVAV l+ *
N T
15 0= =
9
—o0 eoc
ADC0800
ENABLE
ouTPUT
5 18
8BIT
70, WORD
- T a7.f

*See application hints

Input Level Shifting

0V T0 10V
ANALOG INPUT

TO ADCOB00

10k
ADJUST FOR -5V
OUT WITH OV INPUT

MICROPROCESSOR INTERFACE

Figure 3 and the following sample program are included
to illustrate both hardware and software requirements to
allow output data from the ADCO800 to be loaded into
the memory of a microprocessor system. For this exam-
ple, National’'s IN$8060, SC/MP 11, microprocessor has
been used.

-5V T0 5V INPUT

® Permits TTL compatible outputs with
OV to 10V input range (OV to —10V
input range achieved by reversing
polarity of zener diodes and returning
the 6.8k resistor to V7).

The sample program, as shown, will start the converter,
load the converter’s output data into the accumulator,
keep track of the number of data bytes entered, com-
plement the data and store this data into sequential
memory locations. After 256 bytes have been entered,
the control jumps to the user’s program where proces-

00800av
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(MM4357B/MM5357B)

ADCO0800

Typical Applications (continued)

sing of the data entered will be implemented. A more
practical program whereby each data byte entered will
be processed before another entry is made can easily be
done by jumping back to the user’s program at the end
of the interrupt routine (where the data is loaded into
the accumulator and stored in memory). The end of
the user’s program should provide a jump back to the
INITIALIZE statement to start a new conversion and
generate a new data entry.

The following arbitrarily chosen addresses and pointer

assignments are used in this example:

Pointer 1 — WORD COUNT (ADDR:0100)
Also used to point to the A/D converter at
address 0500 for this example when data is

Pointer 2 — ENTERED DATA (ADDR’s: 0200 02FF)
Data is stored in 2's complement binary
form, i.e, 01111111 - +full-scale and
10000000 — — full-scale.

Pointer 3 — LOAD DATA SUBROUTINE (starts at
ADDR:0300)
Executed when an EOC signal generates an
interrupt request via sense A after an [EN
(interrupt enable) instruction.

The address for the converter (0500) is unique for this
particular sample program but may not be in a user’s
system so a different converter address must be used.
Note that in Figure 3 ADX and ADY for the address
decode circuitry would be address bits ADB10 and
ADBS8 (pins 35 and 33 on the SC/MP Il package) for

to be entered.

converter address 0500.

SAMPLE PROGRAM TO LOAD DATA INTO MEMORY WITH SC/MP il.

0001 08 NOP

0002 C4 01 LDIX'01

0004 35 XPAH 1

0005 C4 00 LDIX'00 . . :

0007 31 XPAL 1 ;P1=0100

0008 C4 02 © LDIX'02 c

000A. 36 XPAH 2

000B C4 00 LDIX'00

000D C9 00 ST(P1) ; Zero word count (P1)

000F 32 XPAL 2 ;P2 = 0200

0010 C403 LDIX'03

0012 37 XPAH 3

0013 08 NOP

0014 C4 00 LDIX'00

0016 33 XPAL 3 ; P3=0300

0017 C401 LDIX'01

0019 07 CAS ; Starts converter via flag 0

001A C100 LD (P1) -

001C F4 FF XRIX'FF ’

001E 9805 JZDTAIN  ;Test tosee if word count s FF,
if so, jump to DTA IN

0020 05 IEN ; Enables INTERRUPT

0021 08 NOP

0022 90 FE JMP LOOP ; Loop until EOC ,

0024 08

NOP N !

; User program to process data

:DATA ENTRY SUBROUTINE

0300 08 NOP )

0301 A900 ILD (P1) ; Increment word count

0303 C405 LDIX'05

0305 35 XPAH 1 ; P1 will point to converter

0306 C100 LD (P1) ; Converter data loaded into
accumulator

0308 F47F XRIX'7F ; Put data in 2's complement form

030A CE Ot ST @ 1(P2)  ;Store data

030C C400 LDIX'00

030E 07 CAS ; Resets flag O

030F C401 LDIX 01 .

0311 35, XPAH 1 . Resets P1 to point at word count

0312 C413 LDIX"13

0314 33 XPAL 3 .

0315 3F * XPPC3 ; Return to INITIALIZE to start a

new conversion

2-14
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Setting flag 0 (FLGO = 1) with software, starts conversion (FLGO must be cleared before another conversion can be initiated)
With interrupt enabled an EOC will force an interrupt. Interrupt subroutine should load converter data into, the accumulator.
Output data is in complementary offset binary form

Numbers in parentheses denote pin numbers of SC/MP chip

e 0 & o

*ADX and ADY can be any of the address lines but they must be high only at the time the converter output data is to be put on the data bus
(i.e., the converter must have its own unique address)

FIGURE 3. Interfacing to the SC/MP |1 Microprocessor
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ADCO0800

Typical Applications (continued)
TESTING THE A/D CONVERTER
There are many degrees of complexity associated with

testing an A/D converter. One of the simplest tésts is to
apply a known analog input voltage to the converter

and use LED’s to display the resulting digital output

code as shown in Figure 4. Note that the LED drivers
invert the digital output of the A/D converter to provide
a binary display. A lab’'DVM can be used if a precision
voltage source is not available. After adjusting the zero
and full-scale, any number of points can be checked,
as desired. ’ ‘ C

For ease of testing, a 10.24 Vpg reference is recom-
mended for the A/D converter. This provides an LSB of
40 mV (10.240/256). To adjust the zero of the A/D, an
analog input voltage of 1/2 LSB or 20 mV should be

applied and the zero adjust potentiometer should be set
to provide a flicker on the LSB LED readout with all the
other display LEDs OFF.

To adjust the full-scale adjust potentiometer, an analog
input which is 1 1/2 LSB less than the reference (10.240—
0.060 or 10.180 Vpc) should be applied to the analog
input and the full-scale adjusted for a flicker on the LSB
LED, but this time with all the other LEDs ON.

A complete circuit for a simple A/D tester is shown in
Figure 5. Note that the clock input voltage swing and
the digital output voltage swings are from OV to 10.24V.
The MM74C901 provides a voltage translation to 5V
operation and also the logic inversion so the readout

- LEDs are in binary.

smnrl . Isoc - © msB
<

¢ M8 LED
5V
v 2
DC ANALOG A/D o
inpuT voLTAGe O———$—">| unoer TesT
: T l . .
. ! : T ]
2
v LS8 X
DM 5V
\
oUTPUT, < S
ENABLE
BINARY DISPLAY
vt .
FIGURE 4. Basic A/D Tester
N
. 10200 vpg o .
(POWER SUPPLY)" g 1+
’ 10 uF
T
FULLSCALE & L _
ADJUSTQ = sV
oc
. ‘ 15 10 . NSL5042
. 1020y — . al OUTEN Vgg .
oLk MSB
1= 800 kHz .
ADC0800
) UNDER TEST
AP . . o . ; Ny
ANI?W‘;?JEI;' O 0 LS8 5Vpe
014F -Vgg,  EOC SC

9 zERO
b ADJUST

Vpp
- 5 _ta ]
<
> —
1 Ciam,

-

2 EA MM74C801
{CMOSTO TTL)

FIGURE 5. Complete Basic 'i'ester Circuit

NSL5042
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Typical Applications (continued)

The digital output LED display can be decoded by
dividing the 8 bits into the 4 most significant bits and
4 least significant bits. Table | shows the fractional
binary equivalent of these two 8-bit groups. By adding
the decoded voltages which are obtained from the col-
umn: “Input Voltage Value with a 10.240 VREfF" of
both the MS and LS groups, the value of the digital
display can be determined. For example, for an output
LED display of “1011 0110 or “B6" (in hex) the
voltage values from the table are 7.04 + 0.24 or

7.280 Vpc. These voltage values represent the center
values of a perfect A/D converter. The input voltage has
to change by *1/2 LSB (¥20 mV), the “’quantization
uncertainty”’ of an A/D, to obtain an output digital code
change. The effects of this quantization error have to be
accounted for in the interpretation of the test results.
A plot of this natural error source is shown in Figure 6
where, for clarity, both the analog input voltage and the
error voltage are normalized to LSBs.

TABLE I. DECODING THE DIGITAL OUTPUT LEDs

INPUT VOLTAGE

HEX BINARY - FRACTIONAL BINARY VALUE FOR \/1;‘\);3»5\,&1:1 .

MS GROUP LS GROUP MS GROUP | LS GROUP
Fol1 1 1 15/16 15/256 9.600 0.600
E [t 1 1 0 7/8 7/128 8.960 0.560
D |1 1 0 1 13/16 13/256 8.320 - 0.520
c {1t 1 0 o0 3/4 . 3/64 . 7.680 0.480
B {1 0 1 1 11/16 11/256 7.040 0.440
A |1t o 1 o0 5/8 5/128 6.400 0.400
9 |1 0 0 1 9/16 9/256 5.760 0.360
8 |1 o o0 0112 ' 1/32 5.120 0.320
7 o 1 1 1 7/16 7/256 4.480 0.280
6 |0 1 1 0 3/8 3/128 3.840 0.240
5 10 1 0 1 5/16 5/256 3.200 | 0.200
4 |0 1 0 o0 1/4 1/64 2.560 0.160
3 (o 0o 1 1 3/16 3/256 1.920 0.120
2 {0 0o 1 o0 1/8 1/128 1.280 0.080
1 |0 0 0 1 116 1/256 0.640 0.040
0 |o 0o 0o o 0 0

73:: 1

LE? 12

2

§ 0

(- .

g 2

3 -1 ANALOG INPUT VOLTAGE (IN LSBs)

FIGURE 6. Error Plot of a Perfect A/D Showing Effects of Quantization Error

00800av
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ADCO0800

Typical Applications (Continued)

A low speed ramp generator can also be used to sweep
the analog input voltage and the LED outputs will
provide a binary counting sequence from zero to full-
scale.

The techniques described so far are suitable for an
engineering evaluation or a quick check on performance.
For a higher speed test system, or to obtain plotted
data, a digital-to-analog converter is needed for the
test set-up. An accurate 10-bit DAC can serve as the
precision voltage source for the A/D. Errors of the A/D
under test can be provided as either analog voltages or
differences in two digital words.

A basic A/D tester which uses a DAC and provides the
error as an analog output voltage is shown in Figure 7.
The 2 op amps can be eliminated if a lab DVM with a
numerical subtraction feature is available - to directly
readout the difference voltage, “A—C’’. The analog

saIT
1081

—>| A/D
UNDER TEST :> DAc

ANALOG INPUT [o 4
VOLTAGE

100X ANALOG
ERROR VOLTAGE

FIGURE 7. A/D Tester with Analog Error Output

Connection Diagram

VANALOG OUTPUT

= All R’s = 0.05% tolerance

input voltage can be supplied by a low frequency ramp
generator and an X-Y ‘plotter can be used to provide
analog error (Y axis) versus'analog input (X axis). The
construction details of a tester of this type are provided
in the NSC application note AN-179, “Analog-to-
Digital Converter Testing”. '

For operation with a microprocessor or a computer-
based test system, it is more convenient to present the
errors digitally. This can be done with the circuit of
Figure 8 where the output code transitions can be
detected as the 10-bit DAC is incremented. This provides
1/4 LSB steps for the 8-bit A/D under test. If the results
of this test are automatically plotted with the analog
input on the X axis and the error (in LSB's) as the Y
axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary
and - the testing speed can be increased by establishing
internal limits on the allowed error for each code.

V.
DIGITAL 10817 ANALOG A/D UNDER DIGITAL
INPUT DAC TEST ouTPUT

FIGURE 8. Basic “’Digital’” A/D Tester

Dual-In-Line Package .

A
NET-
WORK 158 *
vop 25 276 yop 277 -8 ViN cLOCK Vs

18 17 16 15 14 13 12 mn- 10

1 2 3 4 5 6 7 8 9

B A e A R STAT OUTPUT ygo  EOC
Ms8  NET-  CONV ENABLE
WORK
BOTTOM
TOP VIEW

Order Number ADCOB0OPD (~55°C to +125°C)

or ADCOB0OPCD (0°C to +70°C)
See NS Package D18A

Order Number ADCO800PCN (0°C to +70°C)
See NS Package N18A
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National
Semiconductor

Analog-to-Digital Converters

ADCOBOB, ADCO0809 Single Chip Data Acquisition' System

General Description

The ADC0808, ADCO0809 data acquisition components
are monolithic CMOS devices with an 8-bit analog-to-
digital converter, 8-channel multiplexer and micro-
processor compatible control logic. The 8-bit A/D
converter uses successive approximation as the conver-
sion technique. The converter features a high impedance
chopper stablilzed comparator, a 256R voltage divider
with analog switch tree and a successive approximation
register. The 8-channel multiplexer can directly access
any one of 8-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments and features an absolute accuracy
< 1 LSB including quantizing error. Easy interfacing to
microprocessors is provided by the latched and decoded
address inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADCO0809 has been opti-
mized by incorporating the most desirable aspects of
several A/D conversion techniques. The ADCO0808,
ADCO0809 offers high speed, high accuracy, minimal
temperature dependence, excellent long-term accuracy
and repeatability, and consumes minimal power. These

features make this device ideally suited to applications
such as process control, industrial control, and machine
control. For 16-channel multiplexer with common
output (sample/hold port) see ADC0816 data sheet.

Features

® Total unadjusted error < +1/2 LSB
Linearity error <+1/2 LSB

No missing codes

Guaranteed monotonicity -

No offset adjust required

No scale adjust required
Conversion time of 100 us

Easy microprocessor interface
Latched TRI-STATE output
Latched address input

Ratiometric conversion

Single 5V supply

Low power cbnsumption—15 mW
Full =55°C to +125°C operation available

Block Diagram

START CLOCK

Innnm R N I |
—O  ENDOF CONVERSION
o— : CONTROL & TIMING
o |- l |
O——{ B CHANNELS l I
8 ANALOG INPUTS — MULHPLEXING |
o—{  SWITCHES SAR. |
o . ! -
| COMPARATOR | —o0
T |—0
—. | STATE! Lo
output | 8-BIT OUTPUTS
o— | Y
| | BUFFER  [—O
: —o
@ I | o
: -~ SWITCH TREE _ :
o—] - |
3.BIT ADDRESS -| O—il !__ A
° ADDRESS ]
DECODER l
ADDRESS LATCH ENABLE Q] . | |
. 256R RESISTOR LADDER
1] |
Lo
Vec GND REF(+) - REF(-) s}xifz
CONTROL
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ADC0808, ADCO809

Absolute Maximum Ratings (Notes 1and 2)

Voltage at Any Pin Except Control Inputs -0.3V to Vcc + 0.3V
Voltage at Control Inputs -0.3V to + 15V
(Start, TRI-STATE, Clock, ALE ADD A
‘ADD B, ADD C)
Operating Temperature Range
ADC0808CCN, ADC0809CCN . —40°C to +85°C
ADC0808CD —-55°C to +125°C
Storage Temperature Range - : . ~65°Cto +150°C
Package Dissipation (at 25°C) - s 500'mW
Operating Vg Range 4.5V to 6V
Absolute Maximum Veg o ' 6.5V

Lead Temperature (Soldering, 10 seconds) ) o _‘300°C

DC Electrical Characteristics

ADCO0808CCN, ADC0809CCN

4.75V <Vcc <5.25v, —40 C < Ta < +85°C unless otherwise noted, (Note 2)
ADCO0808CD : )

45V <Vee <5.5V,-55°C< A< +125°C unless otherwise noted, (Note 2)

PARAMETER CONDITIONS MIN - TYP MAX . UNITS

VIN(1) Logical “1" Input Voltage Vgce =5V . Vee—1.6 ‘ \%
VIN(0) Logical 0"’ Input Voltage Vec=5v : 1.5 \
VouT(1) Logical ““1”” Output Voltage =-360 uA @ Tp = 85°C Vcc—0.4 \
) ) Io=—300uA@TA—1250
VOuT(0) Logical 0" Output Voltage Io=1.6mA 0.45
VouT(0) Logical ‘0" Output Voltage EOC | Ig=1.2mA ) 0.45
1IN(1) Logical “1"" Input Current VIN = 15V 1 . 1.0 MA
(The Control Inputs) .
1IN(0) Logical ““0"" Input Current VIN=0 -1.0 MA
(The Control Inputs)
lcc . . Supply Current ) Clock Frequency = 500 kHz
' " @Ta=85°C . g 300 1000 MA
. @Ta=125°C > 3000 MA
lout | TRI-STATE Output Current Vo =5V V 3 MA
Vo=0 : -3 . MA

Note 1: "‘Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for ‘“Operating
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’
provides conditions for actual device operation.

Note 2: All voltages. measured with respect to GND unless otherwise specified.

Note 3: Non- -linearity error is the maximum deviation from a stralght line through the end points of the A/D transfer characteristic, (Figure 2).
Note 4: Zero error is the difference between the output of an |dea! and the actual A/D for zero input voltage, (Figure 2).

Note 5: Fuli-scale error is the difference between the output of an ideal and the actual A/D for full-scale input voltage, (Figure 2.

Note 6: Total unadjusted error is the maximum sum of non-linearity, zero and full-scale errors, (Figure 3).

Note 7: Quantization error is the +1/2 LSB uncertainty caused by the converter’s finite resolution, (Figure 3}

Note 8: Absolute Accuracy describes the difference between the actual input voltage and the full-scale weighted equivalent of the bmary output
code; included are quantizing and all other errors. Although rarely provided on data sheets, it is the best indication of a converter’s true perfor-
mance, (Figure 3).

Note 9: Supply rejection relates to the ability of an ADC to maintain accuracy as the supply voltage varies. The supply and VREF(+) are varied
together and the change in accuracy is measured with respect to full-scale.

Note 10: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock
frequency and has little temperature dependence, (Figure 5).

2-20




\

DC Electrical Characteristics (continued)

ANALOG MULTIPLEXER
ADCO0808CCN, ADC0809CCN —40°C < T < +85°C unless otherwise noted.

ADC0808CD -55°C < Ta < +125°C unless otherwise noted. _
PARAMETER CONDITIONS MIN TYP MAX "UNITS
RON Analog Multiplexer ON (Any Selected Channel)
Resistance Ta = 25°C, R = 10k 1.5 3 39}
TA =85°C 6 3¢}
Ta=125°C 9 kQ
ARON A ON Resistance Between Any (Any Selected Channel) 75 Q
2 Channels R = 10k
IOFF(+) OFF Channel Leakage Current Vee = 5V, VN =5V, 10 200 nA
: Ta =25°C 200 nA
ADC0808CD @ Tp = 125°C 400 nA
I0FF(—)  OFF Channel Leakage Current Vee =5V, VIN=0, -200 -10 nA
Ta =25°C —200 nA
ADC0808CD @ Tp = 125°C —400 nA
CONVERTER SECTION  ¢c = VREF(+) =5V, VREF(—) = GND, V|N = VCOMPARATOR IN. fc = 640 kHz
ADCO0808CCN —40°C < T < +85°C unless otherwise noted.
ADC0808CD —55°C < TA < +125°C unless otherwise noted.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 8 Bits
Non-Linearity {Note 3) +1/4 +1/2 LSB
Zero Error (Note 4) +1/4 *£1/2 LSB
Full-Scale Error (Note 5) 11/4 11/2 LsSB
Total Unadjusted Error Ta = 25°C (Note 6) +1/4 +1/2 LSB
ADC0808CD +1/4 £1/2 LSB
ADCO0808CCN +1/4 +3/4 LSB
Quantization Error (Note 7) £1/2 LS8
Absolute Accuracy Ta =25°C (Note 8) +3/4 £1 LSB
ADCO0808CD +3/4 +1 LSB
ADC0808CCN +3/4 +11/4 LSB
ADCO809CCN Tp =25°C
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 8 N ' Bits
Non-Linearity (Note 3) £1/2 +1 LSB
Zero Error (Note 4) +1/4 £1/2 LSB
Full-Scale Error * (Note 5) t1/4 +1/2 LSB
Total Unadjusted Error (Note 6) “:1/2 £1 LSB
Quantization Error (Note 7) £1/2 LSB
Absolute Accuracy (Note 8) 1 1172 LSB
ADCO808CCN —40°C < Tp <+85°C, ADCO809CCN Ta =25°C
ADC0808CD -55°C < Ta <+125°C
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Rejection 4.75V <Vce = VREF(+) < 5.25V, 0.05 0.15 %/V
(Note 9)
Comparator Input Current fc = 640 kHz, (Note 10) -2 0.5 2 uA
Ladder Resistance From Ref(+) to Ref(—) 1 45 kQ

2-21

i -60802QV ‘80800QV




ADCO0808, ADC0809

DC Eléctrical Characteristics (continued)

bESIGN GUIDELINES

PARAMETER CONDITIONS MIN TYP MAX UNITS
Voltage Across Ladder From Ref(+) to Ref(—) 0.5612 | '5.12 5.25 \Y
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vee ' | Veet0.1 \
v +VREE(_ vee vee |V
—EEF—(i)—Z—'E:—(———)— Voltage, Center of Ladder Measured at R ADDER/2 —;—:2—0.1 -—g— —gE—OJ \%
B s
VREF(—) Voltage, Bottom of Ladder | Measured at Ref(—) -0.1 0 \
i
AC Electrical Characteristics
Ta=25°C, Ve = VREF(+) = 5V, VREF(—) = GND
PARAMETER CONDITION(S MIN TYP MAX . UNITS
tWws Start Pulse Width (Figure 5) 200 100 ns
tWALE Minimum ALE Pulse (Figure 5) 200 100 ns
Width g
ts Address Set-Up Time (Figure 5) 50 25 ns
tH Address Hold Time (Figure 5) 50 25 ns
tD Analog MUX Delay Time | Rg+ Ron <5 kS, 1 25 us
) From ALE CL=10pF
tH1.tHo  TRI-STATE Control CL = 50 pF 125 | 250 ns
to Q Logic State
t1H. tOH TRI-STATE Control CL=10pF, RL =10k 125 250 ns
to Hi-Z
te Conversion Time fc = 640 kHz, (Figure 5) (Note 11) 90 100 114 us
fe Clock Frequency 10 640 1200 kHz
tEOC EOC Delay Time (Figure 5) 1 8 ~ Clock
Periods
CiN Input Capacitance At Control Inputs 10 15 pF
) At MUX Inputs 5 7.5 pF '
. |
CouT TRI-STATE Outbut At TRI-STATE Outputs, 5 7.5 pF
Capacitance (Note 12)

'

Note 11: The outputs of the data register are updated one clock cycle before the rising edge of EOC.
Note 12: Capacitance guaranteed by periodic testing.
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Timing Diagram
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ADCO0808, ADC0809

Functional Description

Multiplexer: The device contains an 8-channel single-
ended analog signal multiplexer. A particular input
channel is selected by using the address decoder. Table
I shows the input states for the address lines to select
any channel. The address is latched into the decoder
on the low-to-high transition of the address latch enable
signal.

TABLE |
SELECTED ADDRESS LINE
ANALOGCHANNEL [ ¢ 1 B | A
INO T T
IN1 L] L |H
IN2 Ll H|L
“IN3 L H H
IN4 H L L
IN5’ H{L | H
IN6 H| H| L
IN7 H| H|H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the
successive approximation register, and the comparator.
The converter's digital outputs are positive true.

The 256R ladder network approach '(Figure 1) was
chosen over the conventional R/2R ladder because of its
inherent monotonicity, which guarantees no missing
digital codes. Monotonicity is particularly important in
closed loop feedback control systems. A non-monotonic
relationship can cause oscillations that will be catastro-
phic for the system. Additionally, the 266R network
does not cause load variations on the reference voltage.

The bottom resistor and the top resistor of the ladder
network in Figure 1 are not the same value as the
remainder of the network. The difference in these
resistors causes the output characteristic to be symmetri-
cal with the zero and full-scale points of the transfer
curve. The _first output transition occurs when the
analog signal has reached +1/2 LSB and succeeding out-
put transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs
8 iterations to approximate the input voltage. For any
SAR type converter, n-iterations are required for an
n-bit converter. Figure 2 shows a typical example of a
3-bit converter..In the ADC0O808, ADCOB09, the approx-
imation technique is extended to 8 bits using the 266R
network. :

CONTROLS FROM S.A.R.
|

AREF Oy

"
-

1%R

%R N—
<

T0
. » COMPARATOR
INPUT

REF(~) O——ed

.

FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conver-
sion (SC) pulse. The conversion is begun on the falling
edge of the start conversion pulse. A conversion in
process will be interrupted by receipt of a new start
conversion pulse. Continuous conversion may be accom-
plished by tying the end-of-conversion (EOC) output to
the SC input. If used in this mode, an external start
conversion pulse should be applied after power up.
End-of-conversion will go low between 1 and 8 clock
pulses after the rising edge of start conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the.
comparator drift which has the greatest influence on the

S T
i=-FULLSCALE
110 IDEAL CURVE -+ ERROR=1/21SB
101 :
R 100
on - .
I=~NONLINEARITY = 1/2 LSB
g rop—d--
NONLINEARITY = ~1/2 LSB N
001 -
= |~ ZERO ERROR = —~1/4 LSB
ooo L v
0 1 2 3 4 5 6 71 W

FIGURE 2. 3-Bit A/D Transfer Curve

1/4 LSB DIFFERENTIAL
NONLINEARITY

QUANTIZING
ERROR

INPUT OV .
VOLTAGE !

repeatability of the device. A chopper-stabilized com-
parator provides the most effective method of satisfying
all the converter requirements.

The chopper-stabilized comparator converts the DC’

input signal into an AC signal. This signal is then fed
through a high gain AC amplifier and has the DC level
restored. This technique limits the drift component of
the amplifier since the drift is a DC component which is
not passed by the AC amplifier. This makes the entirg
A/D converter extremely insensitive to temperature,
long term drift and input offset errors.  *

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.
The characteristic is generated with the analog input
signal applied to the comparator input.

INFINITE RESOLUTION
m PERFECT CONVERTER
o +1/2 LSB IDEAL 3817 CONVERTER
ToraL_ P
101 | unaosusten TS
0 ERROR | i ise
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000 Vin
001 2 3 4 5 6 7
Ls8

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FIGURE 4. Typical Error Curve
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ADC0808, ADC0809

Applications Information
OPERATION
Ratiometric Conversion

The ADCO0808, ADCO0809 is designed as a complete
Data Acquisition System (DAS) for ratiometric conver-
sion systems. In ratiometric systems, the physical
variable being measured is expressed as a percentage of
full-scale which is'hot necessarily related to an absolute
standard. The voltage input to the ADC0808 is expressed
by the equation

T_oViN bx "
Vfs—Vz  DMAX — DmIN
VN = Input voltage into the ADC0808

V¢s = Full-scale voltage

Vz = Zero voltage

Dx = Data point being measured
DMAX = Maximum data limit
DMIN = Minimum data limit

A good example of a ratiometric transducer is a poten-
tiometer used as a position sensor. The position of the
wiper is directly proportional to the output voltage

which is a ratio of the full-scale voltage across it. Since .

the data is represented as a proportion of full-scale,
reference requirements are greatly reduced, eliminating
a large source of error and cost for many applications.
A major advantage of the ADCQ808, ADCO809 is that
the input voltage range is equal to the supply range so
the transducers can be connected directly across the
supply and their outputs connected directly into the
multiplexer inputs, (Figure 8).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; how-
ever, many types of measurements must be referred to
an absolute standard such as voltage or current. This
means a system reference must be used which relates

" can be increased, (i.e.,

These limitations are automatically satisfied in ratio-
metric systems and can be easily met in ground refer-
enced systems.

Figure 9 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For
instance, if a 5.12V reference is used, the supply should
be adjusted to the same voltage within 0.1V.

The ADCO0808 needs less than a milliamp of supply
current so developing the supply from the reference is
readily accomplished. In Figure 10 a ground referenced
system is shown which generates the supply from the
reference. The buffer shown can be an op amp of suffi-
cient drive to supply the milliamp of supply current
and the desired bus drive, or if a capacitive bus is driven
by the outputs a large capacitor will supply the transient
supply current as seen in Figure 17. The LM301 is
overcompensated to insure stability when loaded by the
10 uF output capacitor.

The top and bottom ladder voltages cannot exceed
Vce and ground, respectively, but they can be sym-
metrically less than Vg and greater than ground. The
center of the ladder voltage should always be near the
center of the supply. The sensitivity of the converter
size of the LSB steps decreased)
by using a symmetrical reference system. In Figure 12,
a 2.5V reference is symmetrically centered about Vcc/2
since the same current flows in identical resistors. This

- . system with a 2.5V reference allows the LSB bit to be

half the size of a 5V reference system.

Converter Equations

the full-scale voltage to the standard volt. For example,

if Vcc = VREF = 5.12V, then the full-scale range is
divided into 256 standard steps. The smallest standard
step is 1 LSB which is then 20 mV.

Resistor Ladder Limitations i

The voltages from the resistor Iadder are compared to
the selected input 8 times in a conversion. These voltages
are coupled to the comparator via an analog swntch tree
which is referenced to the supply. The voltages at the
top, center and bottom of the Iadder must be controlled
to maintain proper operation. )
&

The top of the ladder, Ref(+), should not be more .posi-
tive than the supply, and the bottom 'of the ladder
Ref(—) should not be more negative than ground The
center of the ladder voltage must also be near, the
center of the supply because the analog switch ‘tree
changes from N-channel switches to P-channel swnches

The transition between adjacent codes N and N + 1
is given by:
A

- N
VIN = VR gy l— + —] v (2)
INZVREF(Y 1556 " 52| U
The center of an output code N is given by:
VIN = VREF{ +V (3)
IN 'REF(+). _256] TUE

T The output (:ode N for an arbitrary input are the integers

within the range:
VIN

N= -
VREF(+)

‘ .x 256 tAbsolute Accuracy (4)

where: VN = Voltage at comparator input
VREF(+) = Voltage at Ref(+)
VREF(~) = GND
VTUE. = Total unadjusted error voltage(typically
VREF(+)/512)




Applications Information (continued)
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'ADC0808, ADC0809

Typical Application

ADDRESS
DECODE
(AD4-AD15)*

ADC0816

- - J INTERRUPT
500 kHz == CLK TRISTATE®
5.000V=—4VREF(+) EOC INTERRUPT
0.000V = VREF(—)
2~ p——> 087 MSB
START 22 e} DBG
ALE 2—3 }———p DB5
2-4F—> 084
ADD =] A : 2-5 —— D83
AD1—{B  -b——pop2
AD2=—1C 2~ jeee—pp DB1
: _ © o 8——oDa0  LSB
5V SUPPLYT EXPAND |
: vee fn7 = Vin 8
‘ GND .
0-5V
GROUND = i . ANALOG
. INPUT RANGE
Ino = Vi1

*Addv.'ess latches needed for 8085 and SC/MP interfacing the ADCO808 to a microprocessor

MICROPROCESSOR INTERFACE TABLE .

PROCESSOR READ WRITE INTERRUPT (COMMENT)

8080 MEMR MEMW INTR (Thru RST Circuit)

8085 RD . WR INTR (Thru RST Circuit)

Z-80 RD WR INT (Thru RST Circuit, Mode 0)

SC/MP NRDS NWDS SA (Thru Sense A)

6800 VMA - 92 + R/W VMA - ¢2 - RIW TRQA or IRQB (Thru PIA)

Ordering Information
ke 25°C TOTAL SEE NS PACKAGE
ORDER NUMBER TEMPERATURE RANGE :
UNADJUSTED ERROR NUMBER

ADC0808CD —55°C to0 +125°C +1/2 LSB D28A
ADCO0809CCN —40°C to +85°C £1/2 LSB N28A
ADC0809CCN ~40°C to +85°C +1LSB N28A
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National
Semiconductor

Analog-to-Digital Converters

ADCO0816, ADC0817 Single Chip Data Acquisition System

General Description

The ADCO0816, ADC0817 (MM74C948) data acquisition
components are monolithic CMOS devices with an 8-bit
analog-to-digital converter, a 16-channel multiplexer and
microprocéssor compatible control logic. The 8-bit A/D
converter uses successive approximation as the conversion
technique. The converter features a high impedance
chopper stabilized comparator, a 256R voltage divider
with analog switch tree and a successive approximation
register. The 16-channel multiplexer can directly access
any one of 16 single-ended analog signals and provides

the logic for additional channel expansion. Signal condi-

tioning of any analog input signal is eased by direct
access to the input of the 8-bit A/D converter.

The device eliminates the need for external zero and
full-scale adjustments and features an absolute accuracy
< 1 LSB including quantizing error. Easy interfacing to
microprocessors is provided by the latched and decoded
address inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0816, ADC0817 has been
optimized by incorporating the most desirable aspects of
several A/D conversion techniques. The ADC0816,
ADCO0817 offers high speed, high accuracy, minimal
temperature dependence, excellent long-term accuracy

and repeatability, and consumes minimal power. These
features make this device ideally suited to applications
such as process control, industrial control, and machine’
control. For similar performance except 8-channel
multiplexer in a 28-pin package, see ADC0808 data
sheet.

Features

Total unadjusted error < +1/2 LSB
Linearity error < +1/2 LSB
No missing codes
Guaranteed monotonicity
No offset adjust required
No scale adjust required
Conversion time of 100 us

_ Easy ﬁicroprocessor interface
Latched TRI-STATE output
Latched address input
Ratiometric conversion
Single 5V supply
Low power consumption—15 mW
Full military temperature range available

218004V ‘91800av
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ADCO0816, ADC0817

Absolute Maximum Ratings (notes 1and 2)

Voltage at Any Pin Except Control Inputs —0.3V to Vcc + 0.3V

Voltage at Control Inputs —0.3V to + 15V
(Start, TRI-STATE, Clock, ALE, ADD A, ’
ADD B, ADD C, ADD D, Expansion Control)

Operating Temperature Range

ADCO0816CCN, ADC0817CCN —-40°C to +85°C

ADCO0816CD -55°C to +125°C
Storage Temperature Range ) —65°C to +150°C
Package Dissipation (at 25°C) ‘ 500 mW
Operating VcC Ranvge . 4.5V to 6V
Absolute Maximum Ve . 6.5V -

Lead Temperature (Soldering, 10 seconds) ‘ 300°C

DC Electrical Characteristics

ADC0816CCN, ADC0817CCN :

4,75V < Ve < 5.25V,-40°C < T < +85°C unless otherwise noted, (Note 2)
ADCO0816CD

4.5V <Vgc<56.5V,-55°C<Ta < < +125°C unless otherwise noted, (Note 2)

PARAMETER ~ CONDITIONS - MIN TYP MAX UNITS
VIN(1) Logical “1" Input Voltage Vee=5v Vee-1.5). o \
VIN(0) Logical ‘0" Input Voltage “Vee =5V ‘ N ) Y
VouT(1) Logical 1" Output Voltage vlo,= 360 A @ TA = 85°C Vce04| .V
10 =-300uA @Tp =125°C "
VouT(0) Logical “0"" Outpuf Voltage Io‘= 1.6 mA : 0.45
VouT(0) Logical “0"” Output Voltage EOC lp=1.2 mA ,‘ . ) . 0.45
1IN(1) Logical ““1"" Input Current VgN =15V . 1.0. HA
(The Control Inputs)
1IN(O) Logical 0"’ Input Current VIN=0 -1.0 HA
' (The Control Inputs)
Icc Supply Current : Clock Frequency = 500 kHz )
- @Ta=85"C S 300 1000 uA
@Ta =125°C ) . 3000 uA
IouT TRI-STATE Output Current Vo =5Y . 3 uA
Vo =0 ' . -3 HA

Note 1: ““Absolute Maximum Ratings'’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Temperature Range’” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics’’
provides conditions for actual device operation.

Note 2: All voltages measured with respect to GND unless otherwise spec:fned

Note 3: Non-linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic, (Figure 2).
Note 4: Zero error is the difference between the output of an ideal and the actual A/D for zero input voltage, (Figure 2). .

Note 5: Full-scale error is the difference between the output of an ideal and the actual A/D for full-scale input voltage, (Figure 2).

Note 6: Total unadjusted error is the maximum sum of non-linearity, zero and full-scale errors, (Figure 3).

Note 7: Quantization error is the *1/2 LSB uncertainty caused by the converter’s finite resolution, (Figure 3).

Note 8: Absolute Accuracy describes the difference between the actual input voltage and the full-scale weighted equivalent of the bmary output
code; included are quantizing and all other errors. Al(hough rarely provided on-data sheets, it is the best indication of a converter s true perfor-
mance, (Figure 3).

Note 9: Supply rejection relates to the ability of an ADC to maintain accuracy as the supply voltage varies. The supply and VREF(+) are varied
together and the change in accuracy is measured with respect to full-scale.

Note 10: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock
frequency and has little temperature dependence, (Figure 5). .
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DC Electrical Characteristics (continued)

ANALOG MULTIPLEXER
ADCO0816CCN, ADC0817CCN

-40°C < Tp < +85°C unless otherwise noted

ADC0816CD —55°C < Ta < +125°C unless otherwise noted

PARAMETER CONDITIONS MIN TYP MAX UNITS
RON Analog Multiplexer ON (Any Selected Channel)
Resistance TA=25C, RL =10k 1.5 3 kQ
Ta=85°C 6 kQ
Ta=125°C 9 kQ2
ARON A ON Resistance Between Any (Any Selected Channel) \75 Q
2 Channels R =10k
lOFF(+) OFF Channel Leakage Current Vee =5V, Vin =5V, 10 200 nA
TA = 25°C ' 200 nA
ADCO0816CD @ T = 125°C 400 nA
lOFF(=) OFF Channel Leakage Current Vee=5V.ViN=0, —-200 -10 nA
Ta=25°C =200 . nA
ADCO0816CD @ Ta = 125°C -400 nA
CONVERTER SECTION  ¢c = VREF(+) = 5V. VREF(—) = GND, V|N = VCOMPARATOR IN, fc = 640 kHz
ADCO0816CCN —40°C < Ta < +85°C unless otherwise noted
ADCO0816CD —55°C < Ta < +125°C unless otherwise noted
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 8 Bits
Non-Linearity (Note 3) £1/4 +1/2 LSB
Zero Error (Note 4) +1/4 +1/2 LSB
Full-Scale Error (Note 5) +1/4 *1/2 LS8
Total Unadjusted Error Ta = 25°C (Note 6) x1/4 +1/2 LSB
ADCO0816CD +1/4 +1/2 LSB
ADCO0816CCN +1/4 +3/4 LSB
Quantization Error (Note 7) +1/2 LSB
Absolute Accuracy Ta =25°C (Note 8) +3/4 *1 LSB
ADC0816CD +3/4 1 LSB
ADCO0816CCN +3/4 +11/4 LSB
ADCO817CCN Tp = 25°C
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution 8 Bits
Non-Linearity (Note 3) +1/2 1 LSB
Zero Error (Note 4) +1/4 +1/2 LsSB
Full-Scaie Error (Note 5) +1/4 +1/2 LSB
Total Unadjusted Error (Note 6) *1/2 +1 LSB
Quantization Error > (Note 7) +1/2 LSB
Absolute Accuracy (Note 8) +1 +11/2 LSB
ADCO8T6CCN —40°C< Tp <+85°C, ADCO817CCN Ta =25°C
ADC0816CD —55°C <Ta<+125°C
PARAMETER CONDITIONS MIN TYP MAX UNITS
Power Supply Rejection 4.75V < Vce = VREF(+) £5.25V, 0.05 . 015 %/V
. {(Note 9) '
Comparator Input Current fc = 640 kHz, (Note 10) +0.5 2 HA
Ladder Resistance From Ref(+) to Ref(—) 4.5 kS
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ADCO0816, ADC0817

DC Electrical Characteristics (continued)

DESIGN GUIDELINES

PARAMETER CONDITIONS MIN TYP |. MAX UNITS
VLAD. Voltage Across Ladder ‘F(om Ref(+) to Ref(—) 0.512 5.12 5.25 \
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vee | Vecet0.1 \
VREF(+) * VREF(— ' ' - v \Y \Y
———Lz————(——) Voltage, Center of Ladder Measured at R ADDER/2 %—0.1 —C-:E —E+0.1 \
. 2 2
VREF(—) Voltage, Bottom of Ladder | Measured at Ref(—) —0.1 0 \
AC Electrical Characteristics
TA = 25°C, Voo = VREF(+) = BV, VREF(—) = GND
PARAMETER CONDITIONS MIN TYP MAX UNITS
tws Start Pulse Width (Figure 5) 200 100 ns
tWALE Minimum ALE Pulse (Figure 5) 200 100 ns
Width :
1 Address Set-Up Time (Figure 5) 50 25 ns
tH Address Hold Time (Figure 5) 50 25 ns
tD Analog MUX Delay Time Common Tied to Comparator 1 2.5 us
From ALE In Rg+ RON <5 k&2, |
CL=10pF
tH1. tHO TRI-STATE Control CL =50pF 125 250 ns
to Q Logic State
t1H. tOH TRI-STATE Control CL=10pF, RL =10k 125 250 ns
to Hi-Z ' )
tc Conversion Time fc = 640 kHz, (Figure 5} (Note 11) 90 100 114 us
fc Clock Frequency 10 640 1200 kHz
tEOC EOC Delay Time (Figure 5) 1 8 Clock
' Periods
CIN Inhut Capacitance At Control Inputs 10 15 pF
At MUX Inputs 5 7.5 pF
CouT TRI-STATE Output At TRI-STATE Outputs, 5 7.5 pF
Capacitance (Note 12)

Note 11: The outputs of the data register are updated one clock cycle before the rising edge of EOC.

Note 12: Capacitance guaranteed by periodic testing.
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Timing Diagram
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ADCO0816, ADCO817

Functional Description

Multiplexer: The device contains a 16-channel single-
ended analog signal multiplexer. A particular input
channel is selected by using the address decoder. Table |
shows the input states for the address line and the
expansion control line to select any channel. The address
is latched into the decoder on the low-to-high transition
of the address latch enable signal.

Additional single-ended analog signals can be multiplexed
to the A/D converter by disabling all the multiplexer
inputs. The additional external signals are connected to
the comparator input and the device ground. Additional
signal conditioning (i.e., prescaling, sample and hold,
instrumentation amplification, etc.) may also be added
between the analog input signal and the comparator
input. B . .
TABLE |

CONVE RTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed
to give fast, accurate, and repeatable conversions over.a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the
successive approximation register, and the comparator.
The converter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was
chosen over the conventional R/2R ladder because of its
inherent monotonicity, which guarantees no missing
digital codes. Monotonicity is particularly important in
closed loop feedback control systems. A non-monotonic
relationship can cause oscillations that will be catastro-
phic for the system. Additionally, the 256R network
does not cause load variations on the reference voltage.

The bottom resistor and the top resistor of the ladder
network in Figure 1 are not the same value as the
remainder of the network. The difference in these
resistors causes the output characteristic to be symmetri-
cal with the zero and full-scale points of the transfer
curve. The first output transition occurs when the
analog signal has reached +1/2 LSB and succeeding out-
put transitions occur every 1 LSB later up to full-scale.

The successive approximation register (SAR) performs
8 iterations to approximate the input voltage. For any
SAR type converter, n-iterations are required for an
n-bit converter. Figure 2 shows a typical example of a
3-bit converter. In the ADC0816, ADC0817, the approx-
imation technique is extended to 8 bits using the 2566R
network.

vy
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Functional Description (continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conver-
sion (SC) pulse. The conversion is begun on the falling
edge of the start conversion pulse. A conversion in
process will be interrupted by receipt of a new start
conversion pulse. Continuous conversion may be accom-
plished by tying the end-of-conversion (EQC) output to
the SC input. If used in this mode, an external start
conversion pulse should be applied after power up.
End-of-conversion will go low between 1 and 8 clock
pulses after the rising edge of start conversion.

The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the
comparator drift which has the greatest influence on the

m

i FuLLSCALE

10 IDEAL CURVE -~ ERROR=1/2LSB

- :,*NONI.INEAHITV =1/21$B
NONLINEARITY = -1/2 LSB
ZERO ERROR = —1/4 LSB
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1s8
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FIGURE 2. 3-Bit A/D Transfer Curve

1/4 LSB DIFFERENTIAL

/nommunnv
QUANTIZING {

ERROR

VOLTAGE

repeatability of the device. A chopper-stabilized com-
parator provides the most effective method of satisfying
all the converter requirements.

The chopper-stabilized comparator converts the DC
input'signal into an AC signal. This signal is then fed
through a high gain AC amplifier and has the DC level
restored. This technique limits the drift component of
the amplifier since the drift is a DC component which'is
not passed by the AC amplifier. This makes the entire
A/D converter extremely insensitive to temperature,
long term drift and input offset errors.

Figure 4 shows a typical error curve for the ADCO816 as
measured using the procedures outlined in AN-179.

The characteristic is generated with the analog input |

signal applied to the comparator input.
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ADC0816, ADC0817

Applications Information

OPERATION

Ratiometric Conversion

The ADCO0816, ADCO0817 is designed as a complete
Data Acquisition System (DAS) for ratiometric conver-

sion systems. In ratiometric systems the physu’:al
variable being measured is expressed as a percentage of

full-scale which is not necessarily related to an absolute"

standard. The voltage input to the ADCOB16 is expressed
by the equatlon

YN X ()
Vis—Vz ~ DMAX — DMIN
VN = Input voltage into the ADC0816

Vs = Full-scale voltage -

V= Zero voltage

Dy = Data point being measured
DmAX = Maximum data limit
DMIN = Minimum data limit

A good example of a ratiometric transducer is a poten-

tiometer used as a position sensor. The position of the
wiper is directly proportional to the output voltage
which is a ratio of the full-scale voltage across it. Since
the data is represented as a proportion of full-scale,

* reference requirements are greatly reduced, eliminating

a large source of error and cost for many applications.
A major advantage of the ADC0816, ADC0817 is that
the input voltage range is equal to the supply range so
the transducers can be connected directly across the

supply and their outputs conhected directly into the.

multiplexer inputs, (Figure 8).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; how-
ever, many types of measurements must be referred to
an absolute standard such as voltage or current. This
means a system reference must be used which relates
the full-scale voltage to the standard volt. For example,
if Vcc = VREF = 5.12V, then the full-scale range is
divided into 256 standard steps. The smallest standard
step is 1 LSB which is then 20 mV.

Resistor Ladder Limitations

The voltages from the resistor ladder are compared to
the selected input 8 times in a conversion. These voltages
are coupled to the comparator via an analog switch tree
which' is referenced to the supply. The voltages at the
top, center and bottom of the ladder must be controlled
to maintain proper operation.

The top of the ladder, Ref(+), should not be more posi-
tive than the supply, and the bottom of the ladder
Ref{—) should not be more negatlve than ground. The
center of the ladder voltage must also be near the
center of the supply because the analog switch._tree
changes from N-channel switches to P-channel switches.

These limitations are automatically satisfied in ratio-
metric systems and can be easily met in ground refer-
enced systems

Figure 9 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For
instance, if a 5.12V reference is used, the supply should
be adjusted to the same voltage within 0.1V,

The ADCO0816 needs less than ‘a milliamp of supply

current so developing the supply from the reference is

readily accomplished. In Figure 10 a ground referenced
system is shown which ‘generates the supply from the

reference. The buffer shown can be an op amp of suffi-

cient drive to supply the milliamp of supply current

and the desired bus drive, or if a capacitive bus is driven -
by the outputs a large capacitor will supply the transient

supply current as seen in Figure 17. The LM301 is

overcompensated to insure stability when loaded by the

10 uF output capacitor.

The top and bottom ladder voltages cannot exceed
Vce and ground, respectively, but they can be sym-
metrically less than Vg and greater than ground. The
center of the ladder voltage should always be near the
center of the supply. The sensitivity of the converter
can be increased, (i.e., size of the LSB steps decreased)
by using a symmetrical reference system. In Figure 12,
a 2.5V reference is symmetrically centered about Vg/2
since the same current flows in identical resistors. This
system with a 2.5V reference allows the LSB bit to be
half the size of a 5V.reference system.

Converter Equations

The transition between adjacent codes N and N + 1
is given by:

N
— —

256 512

VIN = VREF(+) *VTUE ()

The center of an output code N is given by:

*VTUE (3)

VIN=V
IN= VREF(+) | oo

The output code N for an arbitrary input are the integers
within the range:

VIN
N=—— x 256 tAbsolute Accuracy

VREF(+)

(4)

where: ViN = Voltage at comparator input
VREF(+) = Voltage at Ref(+)
VREF(—) = GND
VTUE = Total unadjusted error voltage(typically
VREF(+)/512)
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Applications Information (continued)
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ADC0816, ADC0817

Typical Application

ADDRESS
DECODE
{AD4-ADIS)*

ADC0B16
_] INTERRUPT -
500 kHz =] CLK TRI-STATE® )
5.000V == VReg(s) EOC INTERRUPT
0,000V —{Vpef() .
2-1 =087 msB
START 2-2 =~ DBG
ALE 2-3 f——a>p 085
2-4—> D84
ADD—— A 25 p———a>pp DB3
AD1—{B 2-6 p——=9p D82
AD2 = C 27 p—pp DB1
D3=—D 2-8— DB0 LSB
5V SUPPLY T EXPAND -
fvee IN15 =V 16
GND °
0-5V
o0 = eomonour* S e
COMPARATOR
n INOf— vy 1

* Address latches needed for 8085 and SC/MP interfacing the ADC0816 to ‘a microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)

8080 MEMR MEMW "INTR (Thru RST Circuit)

8085 RD WR INTR (Thru RST Circuit)

Z2-80 RD WR INT (Thru RST Circuit, Mode 0)

SC/MP NRDS NWDS SA (Thru Sense A)

6800 VMA +¢2 - RW VMA - ¢2 - R/W IRQA or IRQB (Thru PIA)

Ordering Information ,
‘ ; 25°C TOTAL ' SEE NS PACKAGE
ORDER NUMBER M T
TEMPERATURE RANGE UNADJUSTED ERROR NUMBER

ADC0816CD —55°C to +125°C +1/2 LSB D40D
ADCO0816CCN ~40°C to +85°C +1/2 LSB N40A
ADC0817CD ~55°C to +126°C +1 LSB D40D
ADCO0817CCN -40°C to +85°C +1 LSB N40A
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National
Semiconductor

Analog-to-Digital Converters

ADC1210, ADC1211 12-Bit CMOS A/D Converters

general description

The ADC1210, ADC1211 are low power, medium speed,
12-bit successive approximation, analog-to-digital con-
verters. The devices are complete converters requiring
only the application of a reference voltage and a clock
for operation. Included within the device are the succes-
sive approximation logic, CMOS analog switches, pre-
cision laser trimmed thin film R-2R ladder network and
FET input comparator.

The ADC1210 offers 12-bit resolution and 12-bit
accuracy, and the ADC1211 offers 12-bit resolution
with 10-bit accuracy. The inverted binary outputs are
directly compatible with CMOS logic. The ADC1210,
- ADC1211 will operate over a wide supply range, convert
both bipolar and unipolar analog inputs, and operate in
either a continuocus conversion mode or logic-controlled

START-STOP conversion mode. The devices are capable
of making a 12-bit conversion in 100 us typ, and can be
connected to convert 10 bits in 30 us.

Both devices are available in military and industrial
temperature ranges.

features

12-bit resolution

+1/2 LSB linearity

Single +5V to 15V supply range

100 us 12-bit, 30 us 10-bit conversion rate
CMOS compatible outputs

Bipolar or unipolar analog inputs

200 k&2 analog input impedance

Low cost

block diagram

22
VHVggp) O=

CLACK
START
CORVERSION
SOMPLETE

D/A & SAR LOGIC

[
00 01 02 03 04 05 06 07 a8 Q3010011

DIGITAL DUTPUTS

connection diagram

R29 4
20k

23  COMPARATOR

\ OUTPUT
+
R25 R28 R21
200k 20k 20k
\ . i)za
18 17 16 15 VT

Dual-In-Line Package

(LSB)

)

2 12—H
112

z-m_i

4
_Z_ cLocK

|23 COMPARATOR
oUTPUT

2 *vvgee)
'z—| GND
120 -

-‘1- R26

18 R25

r"— +IN

'S Rz

1S r2

14_ CONVERSION
[ COMPLETE (TT)

1L sTaRT 5T)

TOP VIEW
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ADC1210, ADC1211

absolute maximum ratings

Maximum Reference Supply Voltage (V¥) 16V Power Dissipation See Curves
Maximum Negative Supply Voltage (V™) -20V Operating Temperature Range .
Voltage At Any Logic Pin vt +03v ADC1210HD, ADC1211HD -55°C to +125°C
Analog Input Voltage +15V ADC1210HCD, ADC1211HCD —25°C to + 85°C
Maximum Digital Output Current +*10mA Storage Temperature Range . -65°C to +150°C
Maximum Comparator Output Current 50 mA Lead Temperature (Soldering, 10 seconds) 300°C
Comparator Output Short-Circuit Duration 5 Seconds
dc. electrical characteristics (Notes 1 and 2)
. ADC1210 ADC1211
PARAMETER CONDITIONS g UNITS
. MIN | TYP | MAX | MIN TYP | MAX
Resolution 12 12 Bits
Linearity Error (Note 3)
fCLK = 65 kHz, Ta = 25°C +0.0122] +0.0488] % FS
fcLk = 65 kHz +0.0244 % FS
Full Scale Error TA = 25°C, Unadjusted 0.1 0.25 % FS
Zero Scale Error Ta = 25°C, Unadjusted 0.1 0.25 % FS
Quantization Error } +1/2 +1/2 LS8
Input Resistor Values R27, R28 20 20 kS
Input Resistor Values R25, R26 200 200 kQ
Input Resistor Ratios R25/R26, R27/R28 0.1 0.1 %
Logic “1" Input Voltage ’ 8 8 v
Logic “0” Input Voltage 2 2
Logic ““1"" Input Current VN = 10.24V 1 v 1 uA
Logic ‘‘0" Input Current VN =0V -1 -1 uA
Logic 1" Output Voltage [ louT <—14uA 9.2 9.2 ' V.
Logic ““0” Output Voltage | louyt < 1A 0.5 0.5 \
Positive Supply Current vt= 15V, fcLK = 65 kHz, 5 8 mA
Ta=25C
Negative Supply Current V—=—15V, Ta = 25°C 4 6 6 mA
ac electrical characteristics Ta =25°C, (Notes 1 and 2)
vPARAME'IfER CONDITIONS MIN TYP MAX - UNITS
Conversion Time 100 200 us
Maximum Clock Frequency 130 65 kHz
Maximum Clock Pulse Width 100 - 50 ns
Propagation Delay From Clock to Data Output ty<tf<10ns 60 150 . ns
(Q0 to Q11)
Propagation Delay From Clock to Conversion tr<tf<10ns 60 150 ns
Complete '
Clock Rise and Fall Time 5 ys
: Input Capacitance 10 pF
Start Conversion Set-Up Time 30 ns
Note 1: Unless otherwise noted, these specifications apply for vt = 10.240V, V™ = —15V, over the temperature range —55°C to +125°C for

the ADC1210HD, ADC1211HD, and —25°C to +85°C for the ADC1210HCD, ADC1211HCD.
Note 2: All typical values are for T = 25°C. )
Note 3: Unless otherwise noted, this specification applies over the temperature range —~25°C to +85°C. Provision is made to adjust zero scale error
to OV and full-scale to 10.2375V during testing. Standard linearity test circuit is shown in Figure 5a.




schematic diagram
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applications information

THEORY OF OPERATION

The ADC1210, ADC1211 are successive approximation
analog-to-digital converters, i.e., the conversion takes
" place 1 bit at a time by comparing the ocutput of the
internal D/A to the (unknown) input voltage. The
START input (pin 13), when taken low, causes the
register to reset synchronously on the next CLOCK
low-to-high transition. The MSB, Q11 is set to the low
state, and the remaining bits, Q0 through Q10, will be
set to the high state. The register will remain in this
state until the SC input is taken high. When START goes
high, the conversion will begin on the low-to-high
transition of the CLOCK pulse. Q11 will then assume
the state of pin 23. If pin 23 is high, Q11 will be high;
if pin 23 is low, Q11 will remain low. At the same time,
the next bit, Q10 is set low. All remaining bits, Q0—Q9

B bbby

21 212

Supply Current vs
Supply Voltage

o

100 Hz < foLK < 250 kHz
Tp=25°C | |
| | I

@

V*, PIN 23 AT LOGIC “0* L—"]
I i

\

V*, PIN 23 AT LOGIC 1 =]
—/

e
V- Bt e

SUPPLY CURRENT (mA)
w

e 5 10 15
"SUPPLY VOLTAGE (V)

will remain unchanged (high). This process will continue
until the LSB (QO0) is found. When the. conversion
process is completed, it is indicated by CONVERSION
“COMPLETE (CC) (pin 14) going low. The logic levels at
the data output pins (pins 1—12) are the complemented-
binary representation of the converted analog signal with
Q11 being the MSB and QO being the LSB. The register
will remain in the above state until the SC is again taken
low.

An application example is shown in Figure 1. In this
case, a 0 to —10.2375V input is being converted using
the ADC1210 with V* = 10.240V, V— = —15V. Figure
1b is the timing diagram for full scale input. Figure Tc
is the timing diagram for zero scale input, Figure 1d is
the timing diagram for—3.4125V input (010101010101 =
output).

i L2oay ‘okeoayvy
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ADC1210, ADC1211

applications information (continued)

*V(Vge) = 1028V éz

! . |
R . Rud
o

cLOCK Q-;L cp
START O=t20)
CONVERSION o 14 o

COMPLETE

DIGITAL OUTPUTS

O
Vi = 0V T0 —10.2375V

-i-'

FIGURE 1a. ADC1210 Connected for 0V to —10.2375V (Natural Binary Output)
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FIGURE 1b. Timing Diagram for Vy = Full Scale Input
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applications information (Continued)
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FIGURE 1c. Timing Diagram for Vy = Zero Scale
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FIGURE 1d. Timing Diagram for V) = —3.4125V (010101010101)
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applications information (Continued) .
TABLE I. Pin Assi s and Expl

PIN NUMBER MNEMONIC ) . } FUNCTION

ADC1210, ADC1211

1-12 Q11-Q0 Digital (data) output pins. This information is a parallel 12-bit complemented binary
representation of the converted analog signal. All data is valid when ‘“Conversion Com-
plete’” goes low. Logic levels are ground and vt

13 SC ’ Start Conversion is a logic input which causes synchronous reset of the successtve approx-

imation regnster and initiates conversion. Logic levels are ground and vt
14 cc “Conversion Complete’’ is a digital output signal which indicates the status of the con-

verter. When CC is high, conversion is taking place, when low conversion is completed.
Logic levels are ground and vt )

15, 16 R27, R28 R27 and R28 are two application resistors connected to the comparator non-inverting
" input. The resistors may be used in various modes of operation. Their nominal values are
, 20 k€2 each. See Applications section.

17 +IN Non-inverting input of the analog comparator. This node is used in various configura-
~ tions and for g:ompensation of the loop. See Applications section.
18, 19 R25, R26 R25 and R26 are two application resistors that are tied internally to the inverting input

of the comparator. Their nominal values are 200 k2 each. See Applications
section. The R-2R ladder network will have the same temperature coefficient as these

resistors.

20 V™ Negative supply voltage for bias of the analog comparator. Optionally may be grounded
or operated with voltages to —20V..

21 GND Ground for both digital and analog signals.

22 V."(VREF) | * V¥ sets both maximum full scale and input and output logic levels.

23 CcO Comparator output,

24 Cp " Clock is an input which causes the successive approximation (shift) register to advance

through the conversion sequence. Logic levels are ground and v+,

POWER SUPPLY CONSIDERATIONS AND “’saved’’ if 10-bit conversion accuracy is taking place.
DECOUPLING “The Q2 output should be “OR’d"” with CONVERSION

COMPLETE (CC) in order to ensure that the register
Pin 22 is both the positive supply and voltage reference does not lock-up upon power turn-on.

input to the ADC1210, ADC1211. The magnitude of V*
determines the input logic.”’1” threshold and the output
voltage from the CMOS SAR. The device will operate
over a range of vt from 5V to 15V. However, in order
to preserve 12-bit accuracy, v+ should be well regulated .
(0.01%) and isolated from external switching transients. -
It is therefore recommended that pin 22 be decoupled 001 02 03 04 05 06 07 08 03 O Ot
with a 4.7 uF tantalum capacitor in parallel with a
0.1 uF ceramic disc capacitor.

ADC1211

DIGITAL OUTPUTS
The V™ supply (pin 20) provides negative bias for the
FET comparator. Although pin 20 may be grounded in
some applications, it must be at least 2V more negative

FIGURE 2. Short Cycling the ADC1211 to lmprove
10-Bit Conversion Time (Conti C )

than the most négative analog input signal. When a nega- LOGIC COMPATIBILITY

tive supply is used, pin 20 should also be bypassed with .

4.7 uF in parallel with 0.1 uF. . . The ADC1210, ADC1211 is intended to interface with
CMOS logic levels: i.e., the logic inputs and outputs

Grounding and circuit layout are extremely important are directly compatible with series 54C/74C and CD4000

in preserving 12-bit accuracy. The user is advised to = family of logic components. The outputs of the

employ separate digital and analog returns, and to make ADC1210, ADC1211 will not drive LPTTL, TTL or

these PC board traces as “heavy’’ as practical. PMOS logic directly without degrading accuracy. Various
recommended interface techmques are shown in Figures

SHORT CYCLE FOR IMPROVED CONVERSION 3and 4.
TIME (FIGURE 2) ' :

OPERATING CONFIGURATIONS'
The ADC1210, ADC1211 counting sequence may be
truncated to decrease conversion time. For example, Several recommended operating configurations are
when using the ADC1211, 2 clock intervals may be shown in Figure 5.
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applications information (Continued)
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FIGURE 4. Interfacing an ADC1210, ADC1211. Running on V* < Vgg. Example: V* = 5V, Ve = 15V

OFFSET AND FULL SCALE ADJUST

A variety of techniques may be employed to adjust
Offset and Full Scale on the ADC1210, ADC1211. A
straight-forward Full Scale Adjust is to incrementally
vary V' (VREF) to match the analog input voltage.

A recommended technique is shown in Figure 6. An

LM199 and low drift op amp (e.g., the LH0044) are
used to provide the precision reference. The ADC1210,
ADC1211 is put in the continuous convert mode by
shorting pins 13 and 14. An analog voltage equal to
VREF minus 1 1/2 LSB (10.23625V) is applied to pins
18 and 19, and-R1 is adjusted until the LSB flickers
equally between logic ““1"" and logic 0" (all other out-

puts must be stable logic “0"). Offset Null is accom-
plished by then applying an analog input voltage equal
to 1/2 LSB at'pins 18 and 19. R2 is adjusted until the
LSB output flickers equally between logic ‘1"’ and
logic 0" (all other bits are stable). In the circuit of
Figure 6, the ADC1210, ADC1211 is configured for
Complementary Binary logic and the values shown are
for V¥ =10.240V, VEg = 10.2375V, LSB = 2.5 mV.

An alternate technique is shown in Figure 7. In this
instance, an LHO071 is used to provide the reference
voltage. An analog input voltage equal to VREF minus
1 1/2 LSB (10.23625V) is applied to pins 18 and 19.
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ADC1210, ADC1211

applications information (Continued)
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FIGURE 5b. High Voltage CMOS Compatible, 0V to 10V Input, Straight Binary Output
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applications information (Continued)

15V

FIGURE 6. Offset and Full Scale Adjustment for Complementary Binary

R1 is adjusted until the LSB output flickers equally
between logic 1" and logic “‘0” (all other outputs must
be a stable logic *“0""). For Offset Null, an analog voltage
equal to 1/2 LSB (1.25 mV) is then -applied to pins 18
and 19, and R2, is adjusted until the LSB output flickers
equally between logic 1’ and "’0"'.

INPUT VOLTAGE
{0V TO 10.2375V)
4.7 4F
2 (102av) +]
1
< =
P< /I
22 15 18 J19
13 v R21 —
5t Ain u
wl - ADC1210 cp |=O cLock
A28 GND Vo
16 21 20
) A2 +
1"
ATuF =
= [}
—15V

FIGURE 7. Offset and Full-Scale Adjustment
Technique Using LH0071
In both techniques shown, adjusting the Full-Scale first
and then Offset minimizes adjustment interaction. At
least one iteration is recommended as a self-check.

DEFINITION OF TERMS '

Resolution: The Resolution of an A/D is an expression
of the smallest change in input which will increment
(or decrement) the output from one code to the next
adjacent code. It is defined in number of bits, or 1
part in 2", The ADC1210 and ADC1211 have a resolu-
tion of 12 bits or 1 part in 4,096 (0.0244%).

Quantization Uncertainty: Quantization Uncertainty is
a direct consequence of the resolution of the converter.
All analog voltages within a given range are represented
by a single digital output code. There is, therefore, an
inherent conversion error even for a perfect A/D. As an
example, the transfer characteristic of a perfect 3-bit
A/D is shown in Figure 8. '

As can be seen, all input voltages between OV and 1V
are represented by an output code of 000. All input
voltages between 1V and 2V are represented by an
output code of 001, etc. If the midpoint of the range is
assumed to be the nominal value (e.g., 0.5V), there is an
Uncertainty of *1/2 LSB. It is common practice to

INPUT VOLTAGE

vTo VY

18 s

—_—
AN 2

ADC1210, ADCI211 cp p=O cLock
L] -
V- A28 GND 15

200 [ 2 17
47.F
. ™ R2
ha 100k
107

= -5V =
-15v

RANGE=1158 | | |
m FULL SCALE {—

DIGITAL OUTPUT CODE

ZERO SCALE
e 1 2 3 4 5 6 1 8
ANALOG INPUT VOLTAGE

FIGURE 8. Quantization Uncertainty
of a Perfect 3-Bit A/D ’

offset the converter 1/2 LSB in order to reduce the
Uncertainty to *1/2 LSB as shown in Figure 9. Rather
than +1, —0 bit shown in Figure 8. Quantization Uncer-
tainty can only be reduced by increasing Resolution.
It is expressed as £1/2 LSB or as an error percentage of
full scale (£0.0122% FS for the ADC1210).

‘ |

" FULL SCALE

e

10

101
100
o1

DIGITAL DUTPUT CODE

010 RANGE MIDPOINT —

001 -
—= =~ 1/2 LSB OFFSET
000

0 1 2 3 4 5 6 71 8
ANALOG INPUT VOLTAGE

FIGURE 9. Transfer Characteristic Offset

1/2 LSB to Minimize Quantizing Uncertainty
Linearity Error: Linearity Error is the maximum devia-
‘tion from a straight line passing through the end points
of the A/D transfer characteristic. It is measured after
calibrating Zero and Full Scale Error. The Linearity
Error of the ADC1210 is guaranteed to be less than
+1/2 LSB or #0.0122% of FS and *0.0488% of FS for
the AD1211. Linearity is a performance characteristic
intrinsic to the device and cannot be externally adjusted.

Zero Scale Error (or Offset): Zero Scale Error is a
measure of the difference between the output of an
ideal and the actual A/D for zero input voltage. As
shown in Figure 10, the effect of Zero Scale Error is
to shift the transfer characteristic to the right or left
along the abscissa. Any voltage more negative than the
LSB transition gives an output code of 000. In practice,
therefore, the voltage at which the 000 to 001 transition
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applications information (Continued)

takes place is ascertained, this input voltage's departure
from the ideal value is defined as the Zero Scale Error
(Offset) and is expressed as a percentage of FS. In the
example of Figure 10, the offset is 2 LSB's or 0.286%
of FS. .

The Zero Scale Error of the ADC1210, ADC1211 is
caused primarily by offset voltage in the comparator.
Because it is common practice to offset the A/D 1/2 LSB
to minimize Quantization Error, the offsetting techniques
described in the Applications Section may be used to
null Zero Scale Error and accomplish the 1/2 LSB
offset at the same time.

Full Scale Error (or Gain Error): Full Scale Error is a
measure of the difference between the output of an
ideal A/D converter and the actual A/D for an input
voltage equal to full scale. ‘As shown in Figure 11, the
Full Scale Error effect is to rotate the transfer charac-
teristic angularly about the origin. Any voltage more
positive than the Full Scale transition gives an output
code of 111. In practice, therefore, the voltage at which
the transition from 111 to 110 occurs is ascertained.
The input voltage’s departure from the ideal value is
defined as Full Scale Error and is expressed as a per-
centage of FS. In the example of Figure 71, Full Scale
Erroris 1 1/2 LSB's, or 0.214% of FS.

Full Scale Error of the ADC1210, ADC1211 is due
primarily to mismatch in the R-2R ladder equivalent

m
10

1O T Wit OFFSET

100

IDEAL
b RESPONSE| ]
10 t

001,

DIGITAL OUTPUT CODE

ZERD SCALE ERROR —

(2Lse'sSHOWN) | |

-2-101 2 3456 78
ANALOG INPUT VOLTAGE

FIGURE 10. A/D Transfer Characteristic with Offset

ordering information

output impedance and input resistors R25, R26, R27,
and R28. The gain error may be adjusted to zero as
outlined in the Applications section. ’

Monotonicity and Missing Codes: Monotonicity is a
property of a D/A which requires an increasing or
constant output voltage for an increasing digital input
code. Monotonicity of a D/A converter does not, in
itself, guarantee that an A/D built with that D/A will
not have missing codes. However, the ADC1210 and
ADC1211 are guaranteed to have no missing codes.

Conversion Time: The ADC1210, ADC1211 are succes-
sive approximation A/D converters requiring 13 clock
intervals for a conversion to specified accuracy for the
ADC1210 and 11 clocks for the ADC1211. There is
a trade-off between accuracy and clock frequency due
to settling time of the ladder and propagation delay
through the comparator. By modifying the hysteresis
network around the comparator, conversions with 10-
bit accuracy can be made in 30 us. Replace Ra, RB
and Ca in Figure 5 with a 10 MQ) resistor between
pin 23 (Comparator Output) and pin- 17 (+ IN), and
increase the clock rate to 366 kHz. -

In order to prevent errors during conversion, the analog
input voltage should not be allowed to change by more
than *1/2 LSB. This places a maximum slew rate of
12.5 uV/us on the analog input voltage. The usual solu-
tion to this restriction is to place a Sample and Hold in
front of the A/D. See AN-154 for additional information.

GAIN ERROR
m —

10
o |- oA

o (DEAL RE!
010
o1
000

DIGITAL OUTPUT CODE

01 2 34 5 6 78 =
ANALOG INPUT VOLTAGE

FIGURE 11. Full Scale (Gain Error)

PART NUMBER OPERATING TEMPERATURE 25°C

' RANGE LINEARITY
ADC1210HD, ADC1210HN -55°C to +125°C 0.01%
ADC1210HCD, ADC1210HCN ~25°C to +85°C 0.01%
* ADC1211HD, ADC1211HN -55°C to +125°C 0.05%
'ADC1211HCD, ADC1211HCN ~25°C to +85°C 0.05%

See NS Package D24A or N24A
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Analog-to-Digital Converters

Micr>pre~ assor Compatible A/D Converter

ADC 711 3%-Digit

Microprocessor Compatible A/D Converter

. v

Gener?” Description

The ADC3!,V‘?1 and ADC3711 (MM74C937-1, MM74C938-
1) monolithic A/D converter circuits are manufactured
using standard complementary MOS (CMOS) technology.
A pulse modulation analog-to-digital conversion tech-
nique is used and requires no external precision
components. In addition, this technique allows the use
of a reference voltage that is the same polarity as the
input voltage.

One 5V (TTL) power supply is required. Operating
with an isolated supply allows the conversion of positive
as well as negative voltages. The sign of the input voltage
is automatically determined and indicated on the sign
_pin. If the power supply is not isolated, only one polarity
of voltage may be converted.

The conversion rate is set by an internal oscillator.
The frequency of the oscillator can be set by an external
RC network or the oscillator can be driven from an
external frequency source. When using the external RC
network, a square wave output is available.

The ADC3511 and ADC3711 have been designed to
provide addressed BCD data and are intended for use
with microprocessors and other digital systems. BCD
digits are selected on demand via 2 Digit Select (DO, D1)
inputs. Digit Select inputs are latched by a low-to-high
transition on the Digit Latch Enable (DLE) input and
will remain latched as long as DLE remains high. A start

conversion input and a conversion complete output are
included on both the ADC3511 and the ADC3711.

Features

Operates from single 5V supply

ADC3511 converts 0 to £1999 counts

ADC3711 converts 0 to 3999 counts

Addressed BCD outputs

No external precision components nece§sary

Easily interfaced to microprocessors or other digital
systems

Medium speed—200 ms/conversion

TTL compatible

Internal clock set with RC network or driven exter-
nally

# Qverflow indicated by hex “EEEE' output reading as
well as an overflow output

Applications .

Low cost analog-to-digital converter
Eliminate analog muItipIexing by using remote A/D
converters

® Convert analog transducers (temperature, pressure,
displacement, etc.) to digital transducers

i LLZ€DaV ‘LISEDaV

Connection Diagram

Dual-In-Line Package

1
Vee =

ANALOG Vg =

22 A3

23 A
5

OVERFLOW ——i
CONVERSION COMPLETE —
7

START CONVERSION —

8

SIGN —

9

VEILTER =

10

Vin(-) =

.1

Vi) =]

12
Vg ——

U

Order Number ADC3511CCN
12 e or ADC3711CCN
See NS Package N24A

LL8 ANALOG GND

TOP VIEW

' K

2-49



ADC3511, ADC3711

~

Absolute Maximum Ratings

(Note 1) )
Voltage at Any Pin -0.3V to Vg +0.3V ;?” .
Operating Temperature Range (T o) . —40°Cto +85°C 5 13
Package Dissipation at Ta = 25°C 500 mW ‘ £
Operating Vcc Range 4.5V to 6.0V '
Absolute Maximum V¢ 6.5V A
Storage Temperature Range —65°C to +150°C L ”
Lead Temperature (Soldering, 10 seconds) 300°C I .
DC Electrical Characteristics abcssiicc, apcaziice 4 .
4.75V < Ve < 5.25V, —-40°C < Ta < +85°C, unless otherwise specified. H 4
1
» TYP bl
PARAMETER CONDITIONS MIN : N.AX UNITS
S . (Note 2) o
VIN(1) Logical “1"" Input Voltage Vee-1.5 \
(Except fiN)
VIN(0) Logical “0"” Input Voltage 1.5 \
(Except fiN)
VIN(1) Logical ““1'" Input Voltage Vcc0.6 \
N
V|N(0)_ Logical 0" Input Voltage 0.6 \Y
(fin)
VouT(1) Logical 1" Output Voltage 1o = 360uA Vec-04 \
(Except 20, 27, 22, 28) ‘
VouT(1) Logical “1” Output Voltage 1o = 360uA Vee—1.0 \
(20, 27, 22, 23)
VouT(0) Logical “0" Output Voltage lo=1.6mA 0.4 \Y
HIN(T) Logical “1" Input Current VIN = Vce 0.005 1.0 MA
(SC, DLE, DO, D1)
1IN(0) Logical 0" Input Current VN =0V -1.0° —0.005 T A
(SC, DLE, DO, D1) .
lcc Supply Current All'Outputs Open 0.5 ) 5.0 mA
'AC Electrical Characteristics abcssiicc, apcaziice
Vee =5V, Ta= 25°C; CL =50 pF; ty = tf = 20 ns; unless otherwise specified.
TYP
PARAMETER CONDITIONS MIN MAX UNITS
. ‘ (Note 2)
fosc " Oscillator Frequency 0.6/RC Hz
fIN Clock Frequency 100 640 kHz
fconv Conversion Rate ADC3511CC ) fIN/64,512 conversions/sec
ADC3711CC fIN/129,024 - conversions/sec
tSCPW Start Conversion Pulse Width 200 DC ns
tpd0, tpd1 Propagation Delay DLE =0V 2.0 5.0 s
_ DO, D1, t0 20, 27, 22, 28
tpd0. tpd1 Propagation Delay 2.0 5.0 us
BLEt0 20, 2", 22 28
tSET-UP Set-Up Time tHOLD =0ns 100 . 200 ns
DO, D1, to DLE
tPWDLE Minimum Pulse Width 100 200 ns
Digit Latch Enable (Low)
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Converter Characteristics abcasiicc, ADC3711CC  4.75V < Ve < 5.25V; -40°C < Ta < +85°C,
fc = 5 conv./sec (ADC3511CC); 2.5 conv./sec (ADC3711CC); unless otherwise specified.

TYP .
PARAMETER CONDITIONS MIN Y‘ . MAX UNITS
(Note 2)
Non-Linearity VIN = 0—2V Full Scale -0.05 +0.025 +0.05 % of Full-Scale
ViN =0-200 mV Full Scale (Note 3)
‘Quantization Error -1 +0 Counts
Offset Error VIN =0V -0.5 +1.0 +3.0 mV
(Note 4)
Rollover Error -0 +0 Counts
\7IN+, VIN- Analog Input Current Ta=25°C -5 1 +5 nA

Note 1: “Absolute Maximum Ratings'’ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range’’
they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics”’ provides conditionsfor
actual device operation. :

Note 2: All typicals are given for Tp = 25°C.

Note 3: For the ADC3511CC: full-scale = 1999 counts; therefore 0.025% of full-scale = 1/2 count and 0.05% of full-scale = 1 count. For the
ADC3711CC: full-scale = 3999 counts; therefore 0.025% of full-scale = 1 count and 0.05% of full-scale = 2 count.

Note 4: For full-scale = 2.000V: 1 mV =1 count for the ADC3511CC; 1 mV = 2 counts for the ADC3711CC.

Block Diagram :
ADC3511 3 1/2-Digit A/D (*ADC3711 3 3/4-Digit A/D)

31/2(33/4)-D16IT
LATCH

4

£l

R RRRERNENRY!

LSO

o

2

2

21

START CONV et £2

16:4 . ROM BCD
MUx DECODER

22

DIGITAL TIMING 8

Ty T

— MsD
FREQIN AND CONTROL a -
I_L_ #
01 l =
[—< 00
102 | w F
DECODER| | LATCH [—d 01
FREQ OUT Pt 103 | ||
—<DLE
104 |
COMPARATOR l [
- - Timine 1" OVERFLOW [~
ROM
GND P Vgg Y
DIGITAL Vg B : — OVERFLOW
e — CONV COMPLETE
S > SIGN
0
1 *VREF
N ) . }
ANALOG Vg N -4 i i
VEILTER .
A A _J' \KJ swi
R = 11 "N
— COMPARATOR ] . w2
- a |
-Vin + ¢ < v
Vpg P—————ooo 4
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Applications Information
THEORY.OF OPERATldN

A schematic for the analog loop is shown in Figure 1.
The output of SW1 is either at VREF or zero volts,
depending on the state of the D flip-flop. If Q is at a
high level, VouT = VREF and if Q is at a low level VQuT
= 0V. This voltage is then applied to the low pass filter
comprised of R1 and C1. The output of this filter, VEg,
is connected to the negative input of the comparator,
where it is compared to the analog input voltage, V|N.

- The output of the comparator is connected to the D

input of the D flip-flop. Information is then transferred
from the D input to the Q and Q outputs on the positive
edge of clock. This loop forms an oscillator whose duty
cycle is precisely related to the analog input voltage, V|N.

An example will demonstrate this relationship. Assume
the input voltage .is equal to 0.500V. If the Q output of
the D flip-flop is high then VoyT will equal VREF
(2.000V) and VEg will charge toward 2V with a time

constant equal to R1C1. At some time VFB will exceed ~

0.500V and the comparator output will switch to -QV.
At the next clock rising edge the Q output of the D flip-
flop will switch to ground, causing VQUT to switch to
0V. At this time, VFg will start discharging toward 0V
with a time constant R1C1. When VER is less than'0.5V

the comparator output will switch high. On the rising:

edge of the next clock the Q output of the D flip-flop
will switch high and the process will repeat. There exists
at the output of SW1 a square wave pulse train with
positive amplitude VREF and negative amplitude OV.

The DC value of this pulse train is:

VOUT = VREF = VREF (duty cycle)

tON *+ tOFF

COMPARATOR

The lowpass filter will pass the DC value and then:

VEB = VREF (duty cycle)

Since the closed loop system will always force VFg to -

equal V|N, we can then say that:
VIN = VFB = VREF (duty cycle)-

or

\ .
;N = (duty cycle)
VREF

The duty cycle is logically ANDed\with the input
frequency fiN. The resultant frequency f equals:

f = (duty cycle) x (f|N)
Frequency.f is accumulated by counter no. 1 for a time
determined by counter no. 2. The count contained in

counter no. 1 is then:

_ (duty cycle) x (fiN)
(fiN)/N

(count) =
C (fin)/N

\
_ INxN

VREF

For the ADC3511 N = 2000.

For the ADC3711 N = 4000.

0
FLIP-
FLOP Rs
' VREF

Vg ¢

e AAA,

I |5
i — r’

COUNTERNO.1 (:N) | @——@—RESET'

f = (duty cycle) x f|y
f

fiN/N

|
[ e

VN = VEB = VREF X (duty cycle)

(duty cycle) x f \Y
Countincounterno. 1= ——= Y oy IN _ IN

fIN/N VREF

FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter
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Applications Information (continued)
GENERAL INFORMATION

The timing diagram, shown in Figure 2, gives operation
for the free running mode. Free running operation is
obtained by connecting the Start Conversion input to
logic “1” (Vge). In this mode the analog input is con-
tinuously converted and the digit latches are updated
at a rate equal to 64,512 x 1/f)y for the ADC3511, or
129,024 for the ADC3711.

The rising edge of the Conversion Complete output
indicates that new information has been transferred
from the internal counter to the digit latches. This infor-
mation will ‘remain in the digit latches until the next
low-to-high transition of the Conversion Complete
output. Alogic **1" will be maintained on the Conversion
Complete output for a time equal to 64 x 1/fj\ on the
ADC3511, or 128 x 1/f||\ on the ADC3711.

Figure 3 gives the operation using the Start Conversion
input. It is important to note that the Start Conversion
input and Conversion Complete output do not influence
the actual analog-to-digital conversion in any way.
Internally the ADC3511 and ADC3711 are always
continuously converting the analog voltage present at
their inputs. The Start Conversion input is used to con-
trol the transfer of information from the internal

counter to the digit latches.
fin —I-I-J-L

—

———

64,512 x 1/fiy
(129,024 x 1/ty)

64,000 x 1/fjy
(128,000 x 1/fjy)

An RS latch on the Start Conversion input allows a
broad range of input pulse widths to be used on this
signal. As shown in Figure 3, the Conversion Complete
output goes to a logic 0" on the rising edge of the
Start Conversion pulse and goes to a logic ‘1" some time
later when the new conversion is transferred from the
internal counter to the display latch. Since the Start
Conversion pulse can occur at any time during the
conversion cycle, the amount of time from Start Con-
version to Conversion Complete will vary. The maximum
time is 64,512 x 1/fjN (129,024 x 1/fjy for the
ADC3711) and the minimum time is 2566 x 1/fjN (512
x 1/f|N for the ADC3711). ’

SYSTEM DESIGN CONSIDERATIONS -

The ADC3511 and ADC3711 have reduced the problem
of high resolution, high accuracy analog-to-digital con-
version to nearly' the level of simplicity, economy, and
compactness usually associated with digital logic circuitry.
However, they are truly high precision analog devices,
and require the same kind of design considerations given
to all analog circuits. While great care has been taken in
the design of the ADC3511 and ADC3711 to make their
application as easy as possible, in order to utilize them
to their full performance potential, good grounding,
power supply distribution, decoupling, and regulation
techniques should be exercised.

CONVERSION CYCLE
(INTERNAL SIGNAL)

64,256 % 1/fyy
128,512 x /) T sy

(128/f))
CONVERSION
“COMPLETE

4\
NEW CONVERSION
CONVERSION ENDS
STARTS

FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation
(Times Shown in Parentheses are for the ADC3711)

CONVERSION CYCLE
(INTERNAL SIGNAL)

START r‘: r
CONVERSION 3 H

S |

L] 1T

CONVERSION, ¥ I 1
COMPLETE | !

FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input
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Truth Table

DIGIT SELECT INPUTS SELECTED DIGIT
DLE D1 DO :
L L L Digit 0 (LSD)
L L H Digit 1
L H L Digit 2
L H H Digit 3 (MSD)
H - X X Unchanged

L = Low logic level
H = High logic level
X = Irrelevant logic leve!

The value of the Selected Digit is presented at the 23, 22, 21

and 20 outputs in BCD format.

Note 1: If the value of a digit changes while it is selected,

that change will be reflected at the outputs.

Note 2: An overflow condition will be indicated by a high
level on the OVERFLOW output (pin 5) and E16 in all digits.
Note 3: The sign of the input voltage, when these devices are
operated in the bipolar mode, is indicated by the SIGN out-
put (pin 8). A high level indicates a positive voltage, a low

level a negative.

Timing Diagrams

_.l 4
Vee
oL R
GND
~—tHOLD
Vee
' DO, D1
GND 10%
tPHL tPLH [~— —{tpHL. tPLH
Vou
23,22,21,20 ; 50% 3(
GND

Typical Applications

Figure 4 shows the ADC3511 and ADC3711 connected
to convert 0 to +2.000 volts full scale operating from a
non-isolated power supply. (Note that the ADC3511

converts 0 to +1999 counts full scale, while the ADC3711

converts 0 to +3999 counts full scale.) In this configura-
tion the SIGN output (pin 8) should be ignored. Higher
voltages can, of course, be converted by placing fixed
dividers in the inputs, while lower voltages can be con-*
verted by placing fixed dividers in the feedback loop,
as shown in Figure 6. :

Figures 5 and 6 show systems operating with isolated
supplies that will convert both polarities of inputs. 60 Hz
common-mode noise can become a problem-in these

configurations, so shielded transformers have been shown
in the figures. The necessity for, and the type of shielding
needed depends on the performance requirements, and
the actual applications.

The filter capacitors connected to VEB (pin 12) and
VEILTER (pin 11) should be of a low leakage variety.
In the examples shown every 1.0 nA of leakage will
cause approximately 0.1 mV error (1.0 x 10 YA x
100 k2 = 0.1 mV). If the currents in both capacitors are
exactly equal ‘however, little error will result since the
source impedances driving both capacitors are approxi-
mately matched.
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Typical Applications (continued) (w)
. O
i 3 ' W
iy a
;f 88 j 23 22 2' 2% o1 oooLe :
Y A T 4 4
I -
< 5V >
i O
1WVoe J O
2V REFERENCE
veo 2 PR ——q 3
L—— ANALOG v, 0 fod
€ - l L P -
e | :; 680 | -t
. (Aocaniico) <
2 I I
ow oo | |
CONVERSION
COMPLETE DLe | '
START . TS - | ! I _
/ —Jconversion fout < r T ol
iGN fin | 250 pF | 1[ At || ADIUST |
100k 1 204
VIN VFILTER VREF 1 ;W mul I 100k I
e | . 1 R -
T ViNG) SW2f—AAA | T | s |
A\ anacos| 20— [ _F —_ PR I N VR SN |
GROUND -
\\ 0 Note 1: All resistors 1/4 watt, and
\ +5%, unless otherwise specified.
AR Note 2: All capacitors +10%. B
| _\ vy // Note 3: Low leakage capacitor.
0474F ] Note 4: R1R2
| NOTE 3 / Y R3 = FTew=r) +25Q.
-4 GND
SIGNAL
GND
FIGURE 4. 3 1/2-Digit A/D; +1999 Counts, +2.000 Volts Full Scale
(3 3/4-Digit A/D; +3999 Counts, +2.000 Volts Full Scale)
E3
Su =
gk S
'.7;( 88 2 ?zz 2' 29 01 pooLE
A Ar A T A T ( Yy
|
8 sy |
10Vpc
> 2V REFERENCE - o 15V : nsVag
vee = Fre—=a——n o —15Voc |
L anALOG Ve 20— | |
Ve >
Aocssice | I 8o |
a4 wAocamce) o | | L
OVERFLOW 00 l o
COMPLETE OLE ™ | |
START A
CONVERSION fout ﬁ" l"‘ | - 914 I r T orrser?
» 250 pF oM ADJUST
T SIGN o ol l IL LM336 | | ! ] |
""ﬂl I-— VFILTER VREF tnul | S|
51k W
Vi) —AAA vint-) swi [ | '
51k R3 3
VIN A Vi) sw2|—AAA | Sk |
Veg aaos |2 d [N J_ —
GRouND . Note 1: All resistors 1/4 watt, and
2m 5%, unless otherwise specified.
Note 2: All capacitors +10%.
Note 3: Low leakage capacitor.
Note 4: _ RIR2 250
T / P RTR T
FIGURE 5.3 172-Digit A/D; £1999 Counts, +2.000 Volts Full Scale
(3 3/4-Digit A/D; £3999 Counts, £2.000 Volts Full Scale)
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Typical Applications (continued)

15Vp¢

3
ge 8
g
5888 3 2 2322 2' 20 b1 DoDLE
A 4 1; Y'Y S A AYY
1 sy
~T—10Vac
I 2V REFERENCE
. Voo - R A
|-— ANALOG Vgg ) — | |
>
2 v, <
2 aocastice S | - Qee |
(ADEITI1CE) p:
o | |
OVERFLOW 0 | |
compLere - DLE . | I
START A B ¢
f 4 —
" convension out ﬁ‘l _}"’ ' S @ Now4 | ™ T orrser?
T SIGN fin 250 pF | 1[ LM336 1| AT |
N - X |
NOTE 3 50< » <
VEILTER VREF t *,{ ’1 ""‘l I S 100k |
: 51k
VING) P—AAA Ving-) swi - | ‘L . 01 WL |
. 51k 3 w20:% [ <
VING) P—AAA— ving sw2 | 1914 | Sk |
200
Ves ANALOG | AR U NP S N By B R |
GROUND < . ‘
100k:1% 22M

R4

NOTE 5

T

\

0474F -
| NOTE 3 //

A

Note 1: All resistérs 1/4 watt, and t5%, unless otherwise specified.
Note 2: All capacitors +10%. ' ’
Note 3: Low leakage capacitor.
“Note 4: R1R2
R3 = ———— ¢
} . R1+R2
Note 5: R4 =900k +1% for the ADC3511CC, 200.0 mV Full-Scale.
R4 = 400k +1% for the ADC3711CC, 400.0 mV Full-Scale.

FléU RE 6. 3 1/2-Digit A/D; 1999 Counts, +200.0 mV Full Scale
(3 3/4-Digit A/D; £3999 Counts, +400.0 mV Full‘Scale)
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BI-FET Technology

LF13300 Integrating A/D Analog Building Block

General Description

The LF13300 is the analog section of a precision inte-

grating analog-to-digital (A/D) system. JFET and bipolar -

transistors (BI-FET) are combined on the same chip to
provide a high input impedance unity gain buffer,
comparator and integrator, along with 9 JFET analog
switches. The LF13300 has sufficient resolution to
construct up to a 4 1/2-digit Digital Panel Meter (DPM)
or a 12-bit (plus sign) Data Acquisition System and is
specifically designed for use with either the ADB4511
DPM digital building block or the ADB1200 (MM5863)*
12-bit binary building block.

. *See ADB1200 (MM5863) data sheet for more information. -

Features

Rugged JFETs al!ow blow-out free handling
High input impedance 10,000 MS2 typ
Automatic offset correction

Analog circuitry can be physically and electrically
isolated from high noise digital circuits

Analog input range of £11V with £15V supplies
Wide power supply voltage range +5V to £18V
TTL and CMOS compatible logic

Can interface directly with microprocessors

Versatile: can be used as a 12-bit plus sign binary
A/D, 4 1/2-digit, 3 3/4-digit and 3 1/2-digit Digital
Panel Meter (DPM)

8 | ow cost

Block and Connection Diagrams
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LF13300

Absolute Maximum Ratings

Supply Voltage +18V
Power Dissipation, (Note 1) 570 mW
Junction Temperature 110°C
Storage Temperature Range —65°C to +150°C
Operating Temperature Range 0°C to +70°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Vg =%18V, Ta = 25°C, unless otherwise noted)

LF13300

TEST
PARAMETER CONDITIONS UNITS
CIRCUIT MIN TYP MAX
Analog Input Current, I}jN Vx=0 1,2 ' 80 500 - pA
: TMIN < TA < TMAX 5 nA
Vx =11V 10 nA
Analog nput Voltage Range 1,2 +11 ) \
Analog Input Resistance Vx=0 1,2 10,000 MS
Reference Input Currents, IR VR = 10V ‘ 0.1 100 nA
o TMIN < TA < Tmax 3 10 ‘A
) VR =11V 10 uA
Reference Input Voltage Range '3 0 11 \Y
Reference Input Resistance VR =10V 3 1000 M
Offset Correction Voltage, —Vp - 4 -12 \%
Offset Correction ) 5 20 2000 pA
Input Current, o TMIN<S TA<TMAX 5 20 nA
Op Amp Slew Rate 6 . 10 V/us
Op Amp Bandwidth 7 3 MHz
Buffer Slew Rate 9 25 V/us
Comparator Response Time 200 uV Input Stop, 100 uV 1 25 us
Overdrive :
Comparator Output Saturation Vee =5V, RVL‘ =2k, 11 0.25 0.4 \
Voltage "~ ’ TMIN S TA < TMAX
Logic ““1" Input Voltage All Switching Input Pins 5, 6, 2.0 5.0 \Y
7.8, TMINS TA < TMAX
Logic 0" Input Voltage All Switching Input Pins 5, 6, -2.0 0.8 \Y
7.8, TMIN S TA < TMAX
Logic Input Current ‘ " All Switching Input Pins 5, 8, 15 50 MA
- 7,80V <BY, TMINS
TA<TMAX ‘
Power Supply Voltage Range +Vg VR < vt 3V, VNy=0V +4.75 +18 \Y%
Power Supply Current ' 3.0 m;t\
-55 mA
TMIN < TA<TmAX 11 mA

Note 1: For operating at elevated temperatures, the LF13300 in the dual-in-line package must be derated based on the thermal resistance of

100°C/W junction to ambient.
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Typical Performance Characteristics

C - INTEGRATOR CAPACITOR (uF)

LOGIC INPUT THRESHOLD VOLTAGE (V)

lgc — OFFSET CORRECTION BIAS CURRENT (nA)

Integrator Capacitance,
C ¥s fok for Different
Integrator Resistances, R

Integration Time Constant (
(RC) vs fok for Different .
Reference Voltages, VR N

Vx =0V, vs Temperature

Analog Input Bias Current, I,

Ta — AMBIENT TEMPERATURE (“C)

Functional Description

The LF13300 goes through the following 5 states
during normal cycle: 1) Offset Correction; 2) Polarity
Determination; 3) Initialization; 4) Ramp Unknown;
5) Ramp Reference .

Offset Correction Description (Figure 1)

The Offset Correction scheme will drive the input of
the comparator to its switching threshold when the
analog input is zero and.the timing components, RC,
are bypassed. . .

The Offset Correction input {OC) is driven high, closing
switches S4—S9.

Tp — AMBIENT TEMPERATURE(°C)

The offset voltages are assigned as follows: Vg1 — the
input offset voltage of the buffer; Vog2 — the input
offset voltage of A1; VQg3 — the input offset voltage of
A2; VOs4 — the input offset voltage of the comparator.

S5 grounds the input of the buffer so that its output’

voltage is simply V0Og1. S6 bypasses R to keep the
integration time constant, RC, from affecting the
circuit operation. S4 makes the total equivalent input
voltage to A1 be —V(Qs1 — VOS2 S7 puts the op amp
in a unity gain configuration with respect to the input
of A2. S8 keeps the output voltage of the op amp at
—VB + V(g4 = —VB' (the Offset Correction potential)
since the comparator is placed inside the loop. C3
samples the output of the —Vp generator. The voltage
at the non-inverting input of A2 is —-Vg — VQg1 —

Ta — AMBIENT TEMPERATURE (°C)

1 E %
E Vg =15V @ =415V =
=
XX AN 2 =
BN AN = =
N N N = 1M, vg = 10v 2 S
0.1 g :
W <
1 = @
TN AN = 1] —
R=2M,vg =10V = =
oo 220000 Y :
=N 5 il 2
T R=10M, Vg = 10V = =2
1 N 3 < 2
Il A ' N 2 g T
0.001 2 0.001 = oun
1 10 100 m . 1 10 100 m ~50 -25 0 25 50 75 100 125
foLk (kH2) foLk (kHz) Tp - AMBIENT TEMPERATURE (°C)
Offset Correction Bias Current, Logic Input Current vs Reference Input Bias Current,
IoL. vs Temperature Temperature 1R, vs Temperature
28 T
=
— 24 N =
3 \‘ E 100
= N
EE 3
g 2
s 16 H
:‘ 12 I 5 1
=
2 =
s 8 5 g
s &
s s e s s | - 4 e
| IR N N N N (N N N O N B A | N . w
popy LT TP T PTPTTTTTY 0 "_;o‘,
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ta — AMBIENT TEMPERATURE (°C) Ta — AMBIENT TEMPERATURE (*C) Ta— AMBIENT TEMPERATURE (°C)
Logic Input Th}eshold Voltage Comparator Saturation Voltage Power Supply Current vs
vs Temperature vs Temperature Temperature
2 E 40 —T 14 TTTT
= Ve = 5V _ 11—
18 2 390 RL=2k 1—— T n Vg = 115V
= E .
16 S =
" S 350 v =
E / E; .
14 ~ E 310 A ER
=3 .
12 2 v Z 6 ™ s
3 2 |
1 P = 230 A e 4
= i} I~ +g
g g
08 = 190 2 2 I
- £ 1
0.6 S 150 ]
-50 -25 0 25 50 75 100 125 © -50 -25 0 25 50 75 100 125 -56 -25 0 25 50 75 100 125
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LF13300

Functional Description (continued)

Vos2 — Vos3 + Vosq = V1. Thus, the sum of the
offsets is stored on C1, and the differential voltage
acrbss the comparator is zero.

Polarity Determination (Figure 2)

The simplified diagram of the LF13300 in the Polarity
Determination state is shown in Figure 2. S5 and S3 are
closed during this period. S5 grounds the buffer input
and Vx (the unknown voltage) is applied through S3 to
the non-inverting input of A1. The equation that des-
cribes the op amp output voltage is given in Figure 2.
When Vx is applied to A1 at t1, the output of the op
amp slews to VX and is integrated until tp, when S3
opens and S4 closes. At t2, VOUT slews down by —Vx

1 t2
leaving —f Vxdt — VB’ at.the op amp output.
RCJ t2 .

Just before t2, the comparator senses the op amp output
with respect to —VR; the comparator output goes high
if Vx > 0 and remains low if Vx <0.

Initialization (Figure 1)

During initialization, the configuration is the same way
as it is in the Offset Correction state and the op amp
output is brought back to the Offset Correction poten-
tial —=Vg'.

Ramp Unknown (Figures 2 and 3)
In the Ramp Unknown state, if Vx > 0, S3 and S5 are

* closed, as shown in Figure 2, and Vx is applied to the

+ input of the integrator. If Vx < 0, the device is
connected as in Figure 3 with S2 and S4 closed. VX is
now applied through the buffer to the — input of the
_integrator. In either Ramp Unknown case, the op amp
‘output ramps in the positive direction and Vx is applied
to a high impedance JFET input.

Ramp Reference (Figure 4)

In this state, the LF13300 is configured with switches
S1 and S4 closed. The reference voltage, VR, a positive
voltage, is applied to the buffer input and the op amp
output ramps down until VQUT = —VB' where the
comparator will trip.”

If Vx and VR are assumed to be constant over their
respective integration periods, the integrals of Figure 4
are reduced to,

Vx (t4 —t3) _ VR (t5 — t4)

RC RC
or
VX t5-14
VR t4—13

Since t4—t3 = 4096 clock periods énd t5—t4 can be
measured in clock periods, VX/VR = X/212, where X is
a digital binary output representing an analog input

. Vx with respect to VR.

OP AMP QUT COMP QUT

-Vg'=-Vg+Vosa

Voss™ -

.,.l I COMPARATOR

| =

S8

V1=-Vg -Vgs1 - Vgs2 - Vosa+Vosa

_VB

|
|
|
|| —
|
I
|
|

|

|

I

|

I

I

l

GEN |
|

|

-Vg RU-  PD/RU+ OC

POWER ) DIGITAL
GND . _GND

FIGURE 1. Offset Correction Circuit
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Functional Description (continued)

r——

V051

Lo—
-T-ﬂi

VR

ANALOG GND

1 (4
—VB'+Vx+ — Vx dt: Ramp Unknown for Vx > 0
RCJ t3 -

1 2
-Vg'+Vx + —f Vx dt: Polarity Determination

Vout =
RCJ ¢
. ¢ .
BUFOUT R OPAWPIN . ). QP AMP QUT
\~
H Vour
+|
Vosz
BUFFER A
Vos3
+.
s3 V2

T Vo

‘I’F

Vyx -Vs RU-  PD/RU+ oc

POWER
GND

FIGURE 2. Polarity Determination Circuit or Ramp Unknown Circuit for Vx > 0

1
Vout = -VB'* 55

BUFOUT R OPAMPIN 0P AMP OUT

COMPARATOR

r{ T - SE*-?“**

GEN

COMP OUT

DIGITAL
GND

Vx dt: Ramp Unknown for Vx <0

CoMP OUT

s2 sa
' AG DG
_Yh_ n_r T' [ - %ﬁ_ -2 ?'a N 1]
Coc1 T
Cacz "Teocs AU-  PDRUS  OC AR
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FIGURE 3. Ramp Unknown for Vyx <0
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LF13300

Functional Description

(Continued)

1 4 B
VOUT"=-—VB+R—C j' det—f‘ VR dt
3 4

BUFOUT R OPAMPIN OP AMP OUT COMP OUT

7

“L...___..

T

VR Vx

i T— —T %‘“ —J
Coct
EnczI |Coczj_ Vs ""'
Fowen DIGITAL

ANALOG GND 4G6NnO

1 54 14
VR dt+ Vyxdt J+6
RC 4 3 .

Vout =~VB'* 2¢

Where & is the incremental voltage overdrive needed to fully switch the comparator
and A is the sum of the additional time required to develop & and the comparator
propagation delay.

PD/HUO C

*More accu rately

FIGURE 4. Ramp Reference Circuit.

12-Bit A/D Converter Electrical Characteristics

12-bit plus sign. (LF 13300 with ADB1200 (MM5863)). (VR = 10.000V, Fc =250 kHi, 0°C< Ta <+70°Cunless otherwise noted.)

PARAMETER ~ 'CONDITIONS MIN TYP MAX UNITS
Resolution (Note 3) VR =5.000V, —10V < Vx < +10V' 13 Bits
Fc=125kHz, Ta = 25°C 14 Bits
Non-Linearity +1/8 +1/2 LSB
Ratiometric Gain Error (Def.) Vy =+10.000V, Ta = 25°C, (Note 2) +1/2 +2 ~.LSB
Gain Error Drift Vx = 10.000V +1 ppm/°C
Zero Reading Drift Vx =0V +0.5 _ ppm/°C
Analog Input Voltage Range o +11 +12 ' Y
Analog Input Leakage Current Vx =0V, Ta= 25°C B : 80 500 pPA
Analog Input Resistance vy = OV TA =25°C 100 1000 MQ
. Reference Input Voltage Range VR Varied, Ta = 25°Q 4 12 \%
) Reference Input Leakage Current | VR = 10.000V, Ta = 25°C 0.1 100 nA |
Reference Input Resistance VR =10.000V, T = 25°C 100 1000 \ MQ
Start Conversion Pulse Width Vsg = 2.4V 24 s
Conversion Time . Vin = 10.000V 36 ms
tc = 8960/FC
15V Supply Currents LF13300, V* Current ) 1 mA
—-15V Supp.ly Currents LF13300, V— Current, ADB1200 27 45 mA
) (MM5863), VGG Current
5V Supply Currents VN = 0V, ADB1200 (MM5863), 23 3_9 mA
Vgs Current

Note 2: The A/D converter system must have been operational for a minimum of 30 seconds before this measurement is made. This is to relax the
dielectric absorption effects of the integration capacitor, C.

Note 3: Polarity and Overrange outputs are considered as additional output bits.
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12-Bit A/D Converter Circuit and Timing Diagrams

CoMP

out

FEY e S
5V O
s POWER °“‘Ll_
= '
-15V O *
v+ |2 1 v-Ja Veg |25 Vss |24
18 26 |
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REFERENCE INPUT 18
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- 18 ] 22 15
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ANALOG INPUT v 14
VOLTAGE X 17 ) 2 258 ==
»{ Vx PO/RU* PD/RU+ 13
A 38 =~
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DETERMIN:;‘:;K —= f=- STAND BY —{ g f=— INITIALIZATION STAND BY ~—=]
OFFSET ) RAMP — RAMP
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*Note. All TTL signal level.

FIGURE 5.
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LF13300

Application Hints

Ihcreasing the Input Impedance of the LF13300,

MM5863 12-Bit A/D Converter

The input impedance of the LF13300, ADB1200
(MM5863) A/D converter can be increased 1 to 2 orders
of magnitude over the typical 1000 M cited in the
12-bit A/D specifications by insuring that the signals
that switch the LF13300 do not overlap. A circuit that
eliminates switching overlap by introducing a Delay
(tg) = 3.3k x 100 pF = 300 ns to the rising edge of the
signals from the ADB1200 (MM5863) is shown in
Figure 6. Figure 7 shows the operation of this circuit.
The total delay time t,’ of the output will be equal to
the inherent gate rlse time, ty, plus the RC delay, tg.
The fall time, tf will‘be the basic gate delay.

Nulling the Residual Offset

The residual offset is < 200 uV which is negligible for
most applications. This'can be reduced to < 40 u\/ by
lowering the clock frequency from 250 kHz to about
75 kHz. If a lower reS|duaI offset is required, we may
trim out the remainder as shown in Figure 8. This
circuit applies a negative.step to the offset correction
capacitor, COc2, by means of a variable capacitor which
is adjusted until charge injection imbalance of the offset
correction switches are cancelled.

RU-

FROM
ADB1200 100 gF I

(MM5863) | I

I
I
PD/RU+ J—
L

100 pF ‘
| I

,|_ —_

T0 LF13300

100 pF

-||—|

FIGURE 6. Overlap Elimination Circuit

1 18
Ol —o0
2 1
Ot ——)
3 16 -
fo )
4 15
o—i —o
5 14
Oo— © LF13300 —o0
5 13
o [—o° Coc2
0.1 F
- OFFSET - o¢ 7 12 |
CORRECTION O— >
. SIGNAL 1
8 1
O
|
3 10 11+
[og Coc1 =
14F
& oF LOW LEAKAGE
Il TANTALUM
IR
[l
Al

Cy 2 pF-20 pF VARIABLE CAPACITOR
FIGURE 8. Residual Offset Nulting Circuit

Eliminating Errors Due to Power Supply Noise

For many applications, power supply noise (f > 10 Hz)
causes errors which reduces the accuracy of the system.
In most applications, noise can be adequately eliminated
by putting a series resistor(100L2) in the power supply
line with a 10 uF tantalum capacitor connected at the
power supply pihs (Figure 9). The 10 uF capacitor is,

'in addition to the normal 0.1 uF ceramic disc capacitors,
- used as supply bypass capacitors. »

Errors caused by noise on the negative supply, —Vg,
can be further reduced by replacing, Coc3 with a
10 uF low leakage tantalum capacitor. Since —Vpg is
3V above —Vg, any noise appearing at —V'g appears at
—Vg; the 10 uF capacitor eliminates this noise.

Continuous Conversion Mode

For using the MM5863 in the continuous conversion
mode, connect the end of conversion output, EOC
(pin 23), to the output enable input, OE (pin 3), and
connect the start conversion input, SC (pin 2) to 5V.

Miscellaneous '

Since none of the output pins employ short-circuit
protection, extreme care should be taken when bread-
boarding or troubleshooting with the power ON.

\ s

Vi

|——e —t/RC —}-—=]

e
!

"

4 ]t -—

t4= RC

FIGURE 7. Rise Time Delay Circuitv

18
o s o
100 ' 7
sz-—'\MTz i o
04 %
o— —o
- 15
= 104uF - o
100 v
-V,
s 5 14
o— LF13300 —O
.
[] 13
Ot l—o0
7 12
o— l—o0
1
ot IDN
s B 10
Oo—
Cuc:
uf

.||_i

FIGURE 9. Power Supply Noise Reduction Circuit




Typical Applicationsv

ooceid
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5V O
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SERIAL OUT 5vf ) ' ‘ | l l | ] I ‘ ‘ ‘ ‘ I ‘
awl —
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FIGURE 10. Continuous Conversion 12-Bit Plus Sign Serial Output' A/D Using the LF13300 and the MM5863
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Typical Applications (Continued)
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DATA READ
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TRISTATE OUT - 1

5 CLOCK |
PERIODS

DATA TRI-STATE OUT

enoor 5V
CONVERSION :
€00 i ‘
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* Note. Prior to the first conversion cycle, the data outputs will all be in a “1' state when the

outputs are enabled (OE in 0" state).

FIGURE 11. 12-Bit Plus Sign A/D in Command Conversion Mode

4-Channel Differential Multiplexer with Autozeroed

Instrumentation Amplifier and 12-Bit A/D Converter

Figure 12 shows a low speed, high accuracy, data acqui-
sition unit where the analog input signal is acquired
differentially and preconditioned through an LF352
monolithic instrumentation amplifier. To eliminate
amplifier offset errors, autozeroing circuitry is added

around the LF352 and is timed through the ADB1200 -

and flip-flop C. Flip-flops A and B form a. 2-bit up
counter for channel select.

The instrumentation amplifier is zeroed at power-up and
after each conversion as shown in the timing diagram;

_during autozero the multiplexer is disabled. When the
system does polarity detection and A/D conver-
sion, the LF352 is active and the multiplexer is enabled.

"The zeroing cycle for the LF13300 and the LF352
lasts for 256 clock periods, so the maximum clock
frequency will depend upon the required accuracy and
the minimum zeroing time of the. instrumentation
amplifier. Notice- here that the system accuracy will be
less than 12 bits since it will Be affected by the gain
linearity of the instrumentation amplifier.

For more details concerning data acquisition, see AN-156
and LF11508/LF11509 data sheet. For details on the
instrumentation amplifier, see the LF352 data sheet.
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Typical Applications (continued)
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FIGURE 12. 4-Channel Diff ial Multipl with A oed Instr ion Amplifier and 12-Bit A/D Converter
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FIGURE 13. Timing Diagram for Figure 12
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Typical Applications (continued)
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0-| I——— oca comp COMP IN ADBASH RoLK
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C4 = 4.7 uF tantalum GROUND

FIGURE 14. 4 1/2 Digit DPM

4',-Digit DPM Electrical Characteristics

4 1/2-digit + sign (+19,999 counts) DPM system circuit as shown in Figure 14, Vg = 15V, VREF = 2V, TA = 25°C unless

otherwise specified.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution -2v<vx<av 20,000 Counts
Non-Linearity Vx =£1 .9999V 'i1/2 +1 Counts
Ratiometric Gain érror ' Vx = VREF £1/2 *1 Counts
Gain Error Drift Vx = VREF, 0°C < Ta < +70°C *1/2 ppm/°C
Zero Reading Drift Vx=0,0°C<TA<+70°C +1/4 ppm/°C
Analog Input Voltage Range +2 \%
Reference Input Voltage Range R.efer(;nce Varied v 0 12 \%
Analog Input Leakage Current Vx=0 500 pA
Reference Input Leakage Current Vyx =2V ) 100 .nA
Analog Input Resistance Vx=0 1000 mQ
Conversion Time ° VX = VREF, fcLK = 95 kHz 0.505 Sec
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Typical Applications (continued)

4 1/2-Digit DPM (20,000 Count System, > 14 Bits)

The circuit in Figure 14 shows a complete 4 1/2-digit
DPM using the LF13300 and ADB4511. The ADB4511
provides the control logic to run the LF13300. It also
provides the interface and drive to.a 4 1/2-digit multi-
plexed LED display.

Features include extremely high input impedance,
> 1000 M and auto-zeroing of all offset voltages in
the LF13300's integrator, comparator and buffer
amplifiers.

The timing waveforms for this system are the same as
those shown in Figure 5.

The time for each phase of integration is listed below;v

. NO. OF CLOCK
PHASE . PULSES
oc 2,000
Pp/RUY 2,010
RU™ 20,000
RR <20,000

Construction and Calibration Hints
Extreme care must be taken in the following areas:

Grounds: No digital currents should flow in the analog
ground; that is, the analog and digital grounds must be
single point connected right at the power supply ground
terminal.

Reference: The reference must be accurate and stable
to within 100 uV. It must also be well bypassed for
noise. Notice that with a 2V reference the resolution is
100 uV.

Clock: The RcLk and CcLK §ins of the ADB4510 are
very high impedance nodes, so the ‘clock components

must be mounted as close as possible to these pins.

Calibration Procedure

Calibration in this system is a 2 step procedure: refer-.

ence, and full-scale adjust.

Step 1: Adjust the reference voltage for exactly 2.0000V.
This voltage adjustment must be accurate to within
50 uV. '

Step 2: With Vx (input voltage) equal to near full-scale,
~ +1.9990V, adjust C5 to obtain correct reading.

Decimal Point Programming

The decimal point is programmed in the following
manner: :

1.9.9.9.9

Display

Decimal Points 123 4 -
Decimal Point - 1 2 3 4
DP1, Pin 11 1.0 1 0
DP2, Pin 10 11 0 0

(0=Gnd, 1 =5V}
Calculating the Integration Components
Ri, Ci |

Proper selection of the integration components, Rj,
Ci, is mandatory. Rj must be small enough to minimize
a slight error due to the integrators bias current, but at
the same time Rj x Cj must be large enough to keep the
integrator within its output swing range. The (Rj x Cj)
min, (fastest integration), can be calculated as follows:

Vin>0

e Vo(MmaX)is =3 Vgg+1VgaT below Vgt ~ (Vg*—2.6V)
e —Vpistypically 3V above Vg™. Assume 3.5V to be maximum
e .min VQ swing = [(VgT—2.6V) + (Vg™ +3.5V)]
1 ot 1
oV = VIN+t—==} Vindtt=—— * 20,000
O(RU) SWING = VIN* & § o VIN vy
VIN = 2V max

® Equating min Vo (SWING) and VO(RU+) SWING RiCi min
can be solved for:

i . 1826
(Rj x Cj) min = I ; Vg =215V
K .
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LF13300

Typical Applicatibns_ (Continued)
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FIGURE 16. Stuffing Diagram for 4 1/2-Digit DPM (Component Side)

NSB5415
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Typical Applications (continued)
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FIGURE 17. Power Supply for 4 1/2-Digit DPM R
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FIGURE 18. PC Board for 4 1/2-Digit Power Supply Stuffing Diagram (Cecmponent Side Shown) .




LF13300

Typical Applications (continued)
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2
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16 5] gesssy pesssy pesesy g
w v I I
17 <]
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—4 DIGITS |
= [n [0 [s |7 1 2 3 4
6 12

*Low leakage mylar

**Polypropylene 5 DC“
ibc"
vseEn!

DRIVERS

Note 1: All diodes, 1IN914.

1/8 DS88T1

2 p.p. POSITIONING FOR
NGES

RAL

800V
8ov

Note 2: All resistors 1/4W, 5% tolerance.

Note 3: Circuit drawn for 8V full scale operation input scaling not shown.
Note 4: Inductive components U4X003 or Microtran PC6714.

FIGURE 19. 3 3/4 Plus (:8191 Counts) and 3 1/2-Digit DPM Schematic Diagram
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Typical Applications (continued)

3 3/4 Plus Digit (#8191 Counts)/3 1/2-Digit (+1999
Count_s) DPM

In this circuit of Figure 19, the LF13300 and ADB1200
interact as previously described. The CMOS counter
(MM74C926, MM74C928) is connected to count clock
pulses during the ramp reference cycle. The counts are
latched into the. display when the comparator output

trips, (goes low), as shown in the timing diagram °

Figure 20.

The RC network: consisting of R1 and C1_ is a low pass
filter that prohibits the fast transients that occur on the
comparator output during Offset Correction from

The DPM is able to operate from a single 15V power
supply with the aid of a dc-dc converter. The LM555
generates the negative voltages required in the circuit
and also doubles as the clock. The combination of
Q1, R2, R3 and R4 forms a level shift to convert the
output swing of ‘the LM555 to a OV—5V swing that is
compatible with the logic. The LM340—5 drops the
incoming 15V to 5V for use by the logic circuits and
the LED display.

This circuit can be a 3 3/4 plus digit DPM if the
MM74C926 is used or a 3 1/2-digit DPM if the
MM74C928 is used. Thesé counters are pin compatible
and physically interchangeable.

loading any erroneous counts into the counter.

0P AMP DUTPUT |
PIN 13 (LF13300)

COMP OUTPUT e

RR
PIN 8

A1

. PIN3(LF13300) 2

RAMP UNKNOWN FOR Viy >0

RAMP UNKNOWN FOR Vjyy < 0

{LF13300)

(OE) EOC
PINS 3, 23 (MM5863)

RESET

PIN 13
(MM74C926)

cLock

4

PIN 12
(MM74€926)

AMAr

————
MM5863 CLOCK

LATCH ENABLE
PIN 5 (MI474C926)

i

I IDISPLI\VS NO.OF CLOCK PULSESI I

COUNTED WHEN CLOCK WAS
ENABLED

FIGURE 20. Timing Diagram for 3 3/4-Digit DVM

33,-Digit DPM Electrical Characteristics

3 3/4 plus digits plus sign (£8191 counts) DPM system characteristics.
(Circuit as in Figure 18, Vg = =156V, VR = 4.096V, Ta = 25°C,-unless otherwise noted).

PARAMETER CONDITIONS MIN TYP - MAX UNITS
Resolution -8.2V<Vyx < +8.2V 16,382 Counts
Nonlinearity VN = 4.000V +1/8 ﬂ/2 Counts
Ratiometric Gain Error ViN = 4.000V £1/2 +2 Counts
Gain Error Drift VN = 4.000V, 0°C < Ta < +70°C £] ppm/°C
Zero Reading Drift viN=ov a1 - ppm/°C
Analog Input Voltage Range +11 Vv,
Reference Input Voltage Range Reference Varied 0 +12 \%
Analog Input Leakage Current VIN = 0\/ 80 500 pA
Reference Input Leakage Current 0.1 100 nA
Analog Input Resistance VIN =0V 71000 MQ
Conversion Time VN = 4.000V, fc = 125 kHz 74 ms
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LF13300

Typical Applications (continued)

Component Side Foil

130"

FIGURE 22. Stuffing Diagram for 3 3/4 Plus (+8191 Counts) and 3 1/2-Digit DPM




AC Test Circuits T
Test Circuit 1 Test Circuit 2 w
Analog Input Characteristics Test with RU — High Analog Input Characteristics Test with PD/RU+ High w
1 18
,__1 v ._’.{ _® LIS (m O
S2
2 17y 2 S ST I
Vg O < —O Vx Vg O . < -0 Vx
3 16 3 “ 16
NC O $3 BUFFER—1 NC O= 3 BUFFER
4 15 = 4 =
=Vg O - preO NC -Vg O . .15_..-_.0 NC
5
vo- : = T—"— L
—
6 13 [] 13
*— 0P AMP 5V Om= 0P AMP
7 12 7 12
9 ] o
8 - 11 3 1
e LF13300 ‘ \ @ LF13300
9 10
‘}_9_ Ll —12V . o -12v
Test Circuit 3 Test Circuit 4
Reference Input Characteristic Test with RR High —VB Voltage Measurement Test
1 s 18 1 18
2 17 = - ) 2 17 =
Vg O V5O
3 16 ’ 3 16
NC O TO VR N O
q 15 . 4 15
Vs O- 115 one V5O LF13300 12 _one
5 14 ’ 5 v 14
*— LF13300 - p——ONC - > Vs —O NC
6 13 6 13
Qoo pe= NC Qe p=—=O NC ,
7 12 7 12
> 5V O Qb 50 —0O NC
8 1 8 11
5V O [ — peeO NC
9 10 - 9 10
> -12v 'F_' -O -Vg
= =
Test Circuit 5 . Test Circuit 6
Offset Correction Input Current, Igc Test Op Amp Slew Rate Test
1 18 . ) 1 18
17 - 2 17 = 5V —
vg O- 2 . Vs O \ —O INPUT _ov I I
3 16
Ne O 3 16 NCO . L2 one
4 15 ) 15
Vg O LF13300 - p—=OnNc -Vs O —O NC.
5 14 5 14 -
— | 100k
o~ orawe Lo VO J 13 O vour
— +
20 pF
1 7 12
p =i 12 _0c2 ‘— LF13300 I
- | 1_loct . 8 1
L . *—
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LF13300

AC Test Circﬁits (Continued)

Test Circuit 7
Frequency Response Test

1 18 .
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AC Test Circuits (continued)

Test Circuit 10
Buffer Voltage Gain Test
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231A/231, 331A/331

LM131A/131,

National
Semiconductor

Analog-to-Digital Converters

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

General Description )

The LM131/LM231/LM331 family of voltage-to-
frequency converters are ideally suited for use in‘simple
low-cost circuits for. analog-to-digital conversion,

precision frequency-to-voltage conversion, long-term.

.integration, linear frequency ‘modulation or demodu:

the quick response necessary for 100kHz voltage-to-
frequency conversion. And the output is capable of
driving 3 TTL loads, or a high voltage output up to
40V, yet is short-circuit-proof against Vcg.

lation, and many other functions. The output when used
as a voltage-to-frequency converter is a pulse .train at a
frequency precisely proportional to the applied input
voltage. Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is -
easy to apply in all standard voltage-to-frequency } )
converter applications. Further, the LM131A/LM231A/ = |mproved performance in existing voltage-to-frequency
LM331A attains a new high level of accuracy versus conversion applications

temperature which could only be attained with '
expensive voltage-to-frequency modules. Additionally
the LM131 is ideally suited for use in digital systems at v QOperates on single 5V supply
low power supply voltages and can provide low-cost
analog-to-digital conversion in microprocessor-controlled
systems. And, the frequency from a battery powered
voltage-to-frequency converter can be easily channeled
through a simple photoisolator to provide isolation = Low power dissipation, 15 mW typical at 5V
against high common mode levels.

The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide
excellent accuracy over the full operating temperature
range, at power supplies as low as 4.0V. The precision .

Features

Guaranteea linearity 0.01% max

= Split or siﬁgle supply operation

= Pulse output compatible with all logic forms

= Excellent temperature stability, 50 ppm/°C max

= Wide dynamic range, 100dB min at 10 kHz full scale
frequency

= Wide range of full scale frequency, 1 Hz to 100 kHz

¢ LBt 8 . % Low cost -
timer circuit has low bias currents without degrading .
Typical Applications
15V=V5 :
Rt
6.8k 11%*
1 Ct
ok o : : o
Vi 10V ol 1. LI JI(
FULL-SCALE VVv I
Cin ) : -_l.-
T 0.1 4F Y ] 10k +10% =
. - w231 —AN— ¥
= LM331 : Lagie
L 6 E . . four
- 10 kHz
. ' : FULL-SCALE
L= T T
1uF —
MYLAR -
12k 1% *
+110% R
47 :10% 100K +1%* Rs
5k *
GAIN
ADJUST
. vVin_Rs 1
fouT = oo T

209V Rp R¢Ct
*Use stable components with low temperature coefficients. See applications notes.

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with +0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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Absolute Maximum Ra{ings

Supply. Voltage
Output Short Circuit to Ground
Output Short Circuit to Vo

Input Voltage

Operating Ambient Temperature Range

Power Dissipation (Pp at 26°C)
and Thermal Resistance (6ja)
(H Package) Pp
fia
(N Package) Pp
Oia

LM131A/LM131 LM231A/LM231
40V 40V
Continuous Continuous
Continuous Continuous
-0.2V to +Vg -0.2V to +Vg
Tmin TmAax TN TmAX
-55°Cto +125°C  -25°C to +85°C
670 mW 570 mW
150°C/W 160°C/W
500 mwW
' 156°C/W

Electrical Characteristics Ta = 25°C unless otherwise specified. (Note 1)

Tmin

LM331A/LM331

40V
Continuous
Continuous
-0.2V to +Vg

TmAX
0°C to +70°C

570 mW
150°C/W
500 mW
155°C/W

PARAMETER CONDITIONS MIN TYP MAX UNITS
VFC Non-Linearity (Note 2) 4.5V <Vvg<20v +0.003 +0.01 % Full-
Scale
TMIN S TA <TmAaX +0.006 £0.02 % Full-
Scale
In Circuit of Figure 1 Vg =15V, f=10Hz to 11 kHz +0.024 £0.14 % Full-
Scale
Conversion Accuracy Scale Factor VIN = =10V, Rg = 14 kQ
(Gain)
LM131, LM131A, LM231, LM231A 0.95 1.00 1.05 kHz/V
LM331, LM331A 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain. TMIN <Ta <Tmax. 4.5V < Vg <20V
LM131/LM231/LM331 +30 +150 ppm/°C
LM131A/LM231A/LM331A +20 +50 ppm/°C
Change of Gain with Vg 4.5V <Vg<i0v . 0.01 0.1 %/V
10V <Vvg<4o0v 0.006 0.06 %IV
Rated Full-Scale Frequency VIN = =10V 10.0 kHz
Overrange (Beyond Full-Scale) ViN= =11V 10 % .
Frequency
INPUT COMPARATOR
Offset Voltage . +3 ) +10 mV
LM131/LM231/LM331 TMIN S TA<TMAX +4 14 mV
LM131A/LM231A/LM331A TMIN S TA <TMAX +3 10 mV
Bias Current -80 -300 nA
Offset Current +8 +100 nA
Common-Mode Range TMIN S TA < TMAX -0.2 Vce-2.0 \
TIMER
Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 x Vg
Input Bias Current, Pin 5 Vg =15V
All Devices oV <VpIN5< 9.9V 10 *100 nA
LM131/LM231/LM331 VPIN 5= 10V 200 1000 nA
LM131A/LM231A/LM331A VPIN =10V . 200 500 nA
1=5mA 0.22 0.5 \

VSAT PIN 5 (Reset) |

‘LEL/VIELNT

LEE/VIEE ‘LET/VIET




Electrical Characteristics (Continued) T‘A/=‘25°C unless otherwise specified (Note 1)

231A/231, 331A/331

LM131A/131,

PARAMETER | CONDITIONS [ win [ v [ max UNITS
CURRENT SOURCE (Pin 1)
Output Current Rg=14kQ,VpN1=0
LM131, LM131A, LM231, LM231A 1126 135 . 144 HA
LM331, LM331A ’ 116 136 156 HA
Change with Voltage ov<vpin 1 <10V : 0.2 1.0 HA
Current Source OFF Leakage |
LM131, LM131A - 0.01 1.0 nA
LM231, LM231A, LM331, LM331A . v 0.02 10.0 nA
All Devices ’ TA=TMAX . 20 50.0 nA
Operating Range of Current (Typical) {10 to 500) uA
REFERENCE VOLTAGE (Pin 2) :
LM131, LM131A, LM231, LM231A 176 1.89 2.02 Vpe
LM331, LM331A 1.70 1.89 2.08 Vpc
Stability vs Temperature ’ +60 ppm/°C
Stability vs Time, 1000 Hours ! L 0.1 ) %
LOGIC OUTPUT (Pin 3) .
VSAT I=5mA 0.15 0.50 \
’ 1=32mA (2TTL Loads), TMIN < TA <TMAX 0.10 0.40 \%
OFF Leakage +0.05 1.0 HA
SUPPLY CURRENT .
LM131, LM131A, LM231, Vg =5V 2.0 3.0 . 40 mA
LM231A - Vs = 40V 25 4.0 6.0 mA
LM331, LM331A Vg =5V 1.5 3.0 6.0 mA
Vg # 40V : . 20 4.0 8.0 - mA

Note 1: All specifications apply in the circuit of Figure 3, with 4.0V < Vg < 40V, unless otherwise noted.

Note 2: Nonlinearity is defined as the deviation of foyT from VN X (10kHz/-10 Vpc) when the circuit has been trimmed for zero error at
10 Hz and at 10 kHz, over the frequency range 1 Hz to 11 kHz. For the timing capacitor, C, use NPO ceramic, Teflon*, or polystyrene.

Functional Block Diagram .

vee |8
l __________________ b |
| ' l
PRECISION |
l CURRENT
REFLECTOR I
! ; g
l ' t
| CURRENT l
swieh o — f—f— o~ — — 4 INPUT
| COMPARATOR |
79 | N 7 COMPARATOR
cuRRENT ‘ Il ] _.L_ 4 ; = THRESHOLD
| CURRENT | o I
REFERENCE BIAS ] ce
CURRENT 3 180 Vac C,UT'})";EHS FURFLOP | iR‘
2 CIRCUITS |3
l T . TIMER
.l Fneﬁusncvl COMPARATOR | |
| vt e YT e
| ﬁ CIRCUIT
L | ouTPUT l V" reser Il
t A | nmvsn‘,{ mausnsmn‘:m l |
1 ouTPuT ) 3 I
| { PROTECTOR _l_ .
-1
l $n LT
ol I

|||—- —_———
Ill——

*Registgred trademark of DuPont FIGURE 1a
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Typical Performance Characteristics

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.)
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LM131A/131,

231A/231, 331A/331

Typical Appliéations (Continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monolithic circuit designed for accuracy
and versatile operation when applied as a voltage-to-
frequency (V-to-F) converter or as a frequency-to-

voltage (F-to-V) converter. A simplified block diagram.

of the LM131 is shown in Figure 2 and consists of a
switched current source, input comparator, and 1-shot
timer.

The operation of these blocks is best understood by
going through the operating cycle of the basic V-to-F
converter, Figure 2, which consists of the simplified

block diagram of the LM131 and the various resistors’

and capacitors connected to it.

The 'voltage comparator compares a positive input
voltage, V1, at pin 7 to the voltage, Vy, at pin 6. If V1 is
greater, the comparator will trigger the 1-shot timer. The
output of the timer will turn ON both the frequency
output transistor and the switched current source for a
period t = 1.1 R¢C¢. During this period, the current i
will flow out of the switched current source and provide
a fixed amount of charge, Q = i x t, into the capacitor,
CL. This will normally charge Vyx up to a higher level
than V1. At the end of the timing period, the current
i will turn OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the
capacitor C|_ will be gradually discharged by R until
Vy falls to the level of V1. Then the comparator will
trigger the timer and start another cycle.

The current flowing into C| is exactly IAVE =X
(1.1 x RtCy) x f, and the current flowing out of C_is
exactly Vyx/Rp = ViN/RL. If VN is doubled, the fre-

" quency will double to maintain- this balance. Even a

simple.-V-to-F converter can provide a frequency pre-
cisely proportional to its input voltage over a wide
range of frequencies. )

SWITCHED
CURRENT
SOURCE

L Ct

s A |

Vs VW\— l
é 5 -

Vioeic

NS

R
PYVIALS B
VWA~
CL
INPUT .
I COMPARATOR ogfmsi"nm
= -
INPUT
VOLTAGE .
4

FIGURE 2. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

FREQUENCY
ouTPuT

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a band gap reference which
provides a stable 1.9 Vp¢ output. This 1.9 Vpc is well
regulated over a Vg range of 3.9V to 40V. It also has a
flat, low temperature coefficient, and typically changes
less than 1/2% over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to
be at 1.9V, and causes a current i = 1.90V/R; to flow.
For Rg = 14k, i = 135 uA. The precision current reflector
provides a current equal to i to the current switch. The
current switch switches the current to pin 1 or to
ground depending on the state of the Rg flip-flop.

The timing function consists of an Rg flip-flop, and a
timer comparator connected to the external RtCt
network. When the input comparator detects a voltage
at pin 7 higher than pin 6, it sets the Rg flip-flop which
turns ON the current switch and the output driver
transistor. When the voltage at pin 5 rises to 2/3 Vc(,
the timer .comparator causes the Rg flip-flop to reset.
The reset transistor is then turned ON and the current
switch is turned OFF.

However, if the input comparator still detects pin 7
higher than pin 6 when pin 5 crosses 2/3 Vcg, the
flip-flop will not be reset, and the current at pin 1 will
continue to flow, in its attempt to make the voltage at

_pin 6 higher than pin 7. This condition will usually

apply under start-up conditions or in the case of an
overload voltage at signal input. It should be noted that

- during this sort of overload, the output. frequency will

"be 0; as soon as the signal is restored to the working

range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with
an ON resistance of about 50S2. In case of overvoltage,
the output current is actively limited to less than 50 mA.

The vyoltage at pin 2 is regulated at 1.90 Vpc for all
values of i between 10 uA to 500 uA. It can be used as a
voltage reference for dther components, but care must
be taken to ensure that current’is not taken from it
which could reduce the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (F/IGURE 1)

The simple stand-alone V-to-F converter shown in
Figure 1 includes all the basic circuitry of Figure 2
plus a few components for improved performance.

‘A resistor, RN = 100 k€2 £10%, has been added in the
path to pin 7, so that the bias current at pin 7 (—BO nA
typical) will cancel the effect of the bias current at pin 6
and help provide minimum frequency offset.

The resistance Rg at pin 2.is made up of a 12 kS fixed
resistor plus a 5 k€2 (cermet, preferably) gain adjust
rheostat. The function of this adjustment is to trim out
the gain tolerance of the LM131, and the tolerance of
Rt, Rp and Ct. For best results, all the components
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Typical Applications (continied)

should. be stable low-temperature-coefficient compon-
ents, such as metal-film resistors. The capacitor should
have low dielectric absorption; depending on the temper-
ature characteristics desired, NPO ceramic, polystyrene,
Teflon™ or polypropylene are best suited.

A capacitor is added from.pin 7 to ground to act as a
filter for V|N. A value of 0.01 uF to 0.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a 1 uF capacitor can be used. When
the RC time constants are matched at pin 6 and pin 7,
a voltage step at VN will cause a step change in fQUT.
If CyN is much less than C|, a step at VN may cause
fouT to stop momentarily.

A 478 resistor, in series with the 1 uF C|, is added to
give hysteresis effect which helps the input comparator
provide the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a con-
ventional operational amplifier and feedback capacitor,
CfF. When the integrator’s output crosses the nominal
threshold level at pin 6 of the LM131, the timing cycle is

*Registered trademark of DuPont

10k = 10% 10k -10%* #

initiated. The average current fed into the op amp's
summing point (pin 2) is i x (1.1 RtC¢) x f which is
perfectly balanced with —V|N/R|N. In this circuit, the
voltage offset of the LM131 input comparator does not
affect the offset or accuracy of the V-to-F converter as
it does in the stand-alone V-to-F converter, nor does the
LM131 bias current or offset cufrent. Instead, the offset
voltage and offset current of the operational amplifier
are the only limits on how small the signal can be
accurately converted. Since op amps with voltage offset
well below 1 mV and offset currents well below 2 nA
are available at low cost, this circuit is recommended for
best accuracy for small signals. This circuit also responds
immediately to any change of input signal (which a
stand-alone circuit does not) so that the output fre-
quency will be an accurate representation of V[N, as
quickly as 2 output pulses’ spacing can be measured.

In the precision rﬁode, excellent linearity is obtained
because the current source (pin 1) is always at ground
potential and that voltage does not vary with V| or
fouT. (In the stand-alone V-to-F converter, a major
cause of non-linearity is the output impedance at pin 1
which causes i to change as a function of V).

The circuit of Figure 4 operates in the same way as

' Figure 3, but with the necessary changes for high speed
operation.

A

12,00 1% *

P——'\M—‘W\N—J‘ P
8 0.01uF
5 I

7 FULL-SCALE

Rs 5k*. 4 .
RHEOSTAT =
GAIN o 2.2k
" ADJusT 0.005 uF W
I
vin 100k - 15* = MVILAR
-0V AN l(——o
. FULLSCALE \ i R 1
S f [P LS A
OUT * 708V Ay Aect
d
1 100K = 105% Na002

Vs
OPTIONAL
OFFSET ADJUST

206 T0 M =

*Use stable components with low temperature coefficients. See applications notes.
**This resistor can be 5k or 10kS2 for Vg = 8V to 22V, but must be 10k for Vg =4.5V to 8V.
***Use low offset voltage and low offset current op amps for A1: recommended types LM108, LM308A, LF3518

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter
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LM131A/131,

Typical Applications (continued)

DETAILS OF OPERATION, FREQUENCY-TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6)

In these applications, a pulse input at fj is differen-
tiated by a C-R network and the negative-going edge at
pin 6 causes the input comparator to trigger the timer
circuit. Just as with a V-to-F converter, the average
current flowing out of pin 1 is |AVERAGE i x
(1.1 RtCq) x f.

In the simple circuit of Figure 5, this current is filtered
in the network R = 100 k2 and 1 uF. The ripple will

with a 0.1 second time constant, and settiing of 0.7 sec-
ond t0°0.1% accuracy.

In the precision.circuit,an operational amplifier provides a
buffered output and also acts as a 2-pole filter. The ripple
will be less than 56 mV peak for all frequencies above
1 kHz, and the response time will be much quicker than
in Figure 5.However, for input frequencies below 200 Hz,
this, circuit will have worse ripple than Figure 5. The
engineering of the filter time-constants to get adequate
response and small enough ripple simply requires a study
of the compromises to be made. Inherently, V-to-F
converter response can be fast, but F-to-V response

be less than 10 mV peak, but the response will be slow, can not.
.
v,
s o
10k £ 10% 10k 10%** { 6.8k 1%*
AA AAA “AAA
WA VW W o
8 3305F *
L 6 5 Y4
ﬂl)("l F 10k I\
- u 2 v -
M331 LoGIC
3 fou
7 100 kHz
Bk 1%* FULL SCALE

%%
GAIN
ADJUST

O
, FULLSCALE

0.001 uF

Vs

OPTIONAL

OFFSET ADJUST
20670 4

1N4002

*Use stable components with low temperature coefficients.

See applications notes.

**This resistor can be 5 kQ or 10 k$2 for Vg = 8V to 22V,
but must be 10 k2 for Vg =4.56V to 8V.

- ***Use low offset voltage and low offset current op amps for A1:
recommended types LF351B or LF356.

FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, £0.03% Non-Linearity

g =415V
<
> 10k > Ry
< b3 10 8 681k £ 1%"
68k B 5
__A'A'A
MW o
470:.; = . Iw"p
i —q} tM33t =
lout
2 1
Vout
B
12k 1 1% L_E WER Stk
Rs ==

5k*

. R
VouT = fin X 209V x ﬁ';— IRCy

*Use stable components with low temperature coefficients.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Full-Scale, 0.06% Non-Linearity

+Vg = +4.5V T0 420V
< < By
;: 10k 10k 3 6.8k £ 1%*
AAA 7 5
WA ‘e
Rx e
= s 0.01 4
=]} m33t :.l:
= Rf
C1,470pF f 100k52*
: 2
-L —AAA vour
T2 Sk
121k e 3] ot T 3™ oo
Rs ]
WV,
5k* ¥

o
VouT = -finx 209V 'n_; X (RYCy

(Vs-2v)
TRy w32V
SELECT Rx= 2

*Use stable components with low temperature coefficients.
FIGURE 6. Precision Frequency-to-Voltage Converter,

10 kHz Full-Scale with 2-Pole Filter, +0.01%
Non-Linearity Maximum
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Typical Applications (continued)

Light Intensity to Frequency Converter
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LM131A/131,

Typical Applications (continued)

' Analog-to-Digital Converter with Microprocessor
‘Vs + ’
DATA
CDU:YER BUS
VFC Ao .
USING * MICROPROCESSOR
LM331A ==
VIN fout
LI . COUNTER
(OPTIONAL . | A
PHOTOISOLATOR) -

] MICROPROCESSOR
CLOCK

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver

FREQUENCY
OUTPUT
10 VEC +5.0V _out |.|v|340uxz~5.uﬂ< 75 T e
CIRCUITRY % REGULATOR
8
GND
7509
M A ' POWER
s TS0 uF SUPPLY
LONG
——»vm 3 LINES,
TWISTED
PAIR
4

Voltage-to-Frequency Converter with Square-Wave Output Using +2 Flip-Flop

+Vg=+4.0Vpc TO +15Vpe

CLR PRE
+Vs
. 47K .
VFC
CIRCUIT
i
Vin F cLocK [
— ® P> four=12
% MM74C74 SQUARE
D OR SIMILAR 1 WAVE
=

Voltage-to-Frequency Converter with Isolators

+VS \
+VLoGIC
1%
g 33k T0 COMPUTER
vee | Lo ___ >
USING / N N E% COUNTER
s \ T0 F-T0V
o e 2N2222 CONVERTER
fout ORSIMILAR USING LM131
' OPTOISOLATOR
4N28 OR
SIMILAR
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Typical Applications (continued) ws
d
Voltage-to-Frequency Converter with Isolators E W
+Vg -
+VLOGIC N >
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[ PULSE W~
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Voltage-to-Frequency Converter with Isolators
+Vs
L T +VL0GIC
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Connection Diagrams

Metal Can Package Dual-In-Line Package
Vs CURRENT __1] I I 8
UTPUT Vs
CURRENT COMPARATOR ’
outPut INPUT REFERENCE __2] 7 ___COMPARATOR
CURRENT INPUT
REFERENCE
CURRENT (5) ThaesuaLo FREQUENCY 3 B
. — |——— THRESHOLD
OUTPUT :
FREQUENCY
ouTPUT R/C 4 5
GND =i |— n/C
GND
TOP VIEW
TOP VIEW
Order Number LM131AH, LM131H, LM231AH, Order Number LM231AN, LM231N, LM331AN,
LM231H, LM331AH or LM331H . or LM331N
See NS Package HO8B Ses NS Package NOBA
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National
Semiconductor

Analog-to-Digital Converters

TP3000 CODEC System (1p3001 u-Law, TP3002 A-Law)

General Description

The TP3001 and TP3002 are Pulse Code Modulation
(PCM) systems for the digital coding and decoding of
analog signals in the voice frequency band. The TP3001
system utilizes u-law coding of the analog signals while
the TP3002 is an A-law system. Each system consists of
2 IC packages. The TP3001 system uses linear part
LF3700 and CMOS part MM58100. The TP3002 system
uses the same linear part and a different CMOS part
(MM58150). Each system samples a filtered (300 Hz <
f < 3.4 kHz) analog signal at an 8 kHz rate, converts
this sampled voltage to an 8-bit companded digital code
(u-law or A-law) and loads this code into a high speed
serial output buffer. This output buffer will operate at
any speed between 64 and 2100 kilobits per second.
Either system will also accept an incoming 8-bit. PCM
word (again, at any speed between 64 and 2100 kilobits
per second) and will automatically .interrupt the encode
cycle to decode the PCM word and update the CODEC
output sample and hold. After decoding, the systems
will automatically return to the encoding cycle. This
interrupt capability allows either CODEC system to send
and receive PCM data asynchronously. These systems
were specifically designed for low cost “‘per line’’ or per
channel CODEC applications.

These IC’s contain all the necessary elements required
for a complete CODEC system—both the input and out-
put sample and hold, comparator, stable voltage refer-
ence, non-linear D/A converter, successive approximation
logic, control logic and digital input and output PCM
buffers. The user must provide an input aliasing filter
(300 Hz < f < 3.4 kHz) such as the AF133 or similar
filter. The AF134, or similar filter, is available for use as
the output filter {300 Hz < f < 3.4 kHz) which is needed
to reject sidebands around 8 kHz and provide correction
for the sinx/x frequency distortion introduced by the
output sample and hold.

A special auto-zero circuit insures an extremely low idle
channel noise and low crosstalk enhancement. During
the decode cycle, the non-linear D/A converter is shifted
1/2 LSB, thereby achieving a typical signal to total
distortion performance of at least 3 dB better than the
D3 channel bank specifications.

The TP3001 system also includes 4 pins for the insertion
and extraction of the signaling bits required for D3
channel bank operation.

Features .

m TP3001 uses the standard u-255 code

m TP3002 uses the standard A-law code

®  Each 2-chip system includes:
® Non-linear D/A converter

Voltage reference with excellent long term stablllty

Comparator

Successive approximation logic

Input digital buffer

.Output digital buffer

Input sample and hold

Output sample and hold

Auto-zero circuit

Control logic

® TP3001 system meets or exceeds all relevant D3
channel bank specifications

® Both systems meet or exceed all relevant CCITT
specifications

®  Analog input range of £5V

®  Analog output range of x5V
fnput and output PCM words can be clocked at
64 to 2100 kilobits per second

®  [ncoming PCM word may be asynchronous

m Provision for the insertion and extraction of signaling
bits in the TP3001 system

L] Open'drain PCM out for TRI-STATE® capability

® 0 0000 0 00

Applications

® Use with digital switching systems’/in telephone |

central office or private branch exchange
® Replace 24 or 32-channel shared CODEC in tele-
phone channel bank

® Use to digitize voice and similar analog signals for low
noise transmission and reception

Simplified Block Diagram
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TP3000

Absolute Maximum Ratings

v* to Gnd
V™ to Gnd )
Voltage at Any Pin Except Digital
Inputs or Digital Outputs
Voltage at Any Digital Input or Output
Operating Temperature Range
Storage Temperature ) g
Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

15V
—-15V

vitov™
—0.3to +5.5V
0°C to +70°C
-65°C to +150°C
300°C

vt= 12V, V™ =-12V, VEg = —12V (Note 4) over operating temperature range, unless otherwise specified.

MIN

TYP

PARAMETER CONDITIONS MAX UNITS
Signal-to-Distortion Method 1:
TP3001 or TP3002 Either Encoding or A Suitable Noise Signal Applied to the 2 dB Above the CCITT
Decoding " Coder Input Between —55 dBm0 and Limits Shownin
—3 dBmO (Refer to CCITT Rec. G712, . K Figure 1.
Paragraph 9, Method 1), (Figure 4)
‘Method 2:
- Measured with C Message Weighting
 Filter, 1020 Hz Input Signal }
© 0.dBmO to --30 dBm0 36 ' dB
—40 dBm0 30 dB
—45dBm0 .25 dB
(Figure 5)
Gain Tracking Error Method 1: .
TP3001 or TP3002 Either Encoding or " Deviation From Gain at —10 dBmo'
Decoding o ' A Suitable Noise Signal Applied to Within Limits
' the Coder Input Between —60 dBm0 and. Shown in Figure 2
—10 dBmO (Refer to CCITT Rec. G712, (Note that Figure
‘Iiaragraph 11, Method 1, (F/:gure 4) - 2is 1/2 of the
B v Limits Set By .
i CCITT.)
" Method 2:
Déviation From Gain at 0 dBm0
1020 Hz Input Signal : ,
" 3dBm0 to —37 dBm0 -0.25 +0.25 | dB
—37 dBm0 to —50 dBm0 1 -0.50 +0.50 | dB
(Figure 6) _ '
Idle Channel Noise Input Terminated with 600$2
TP3001 (Figure 7) 12 dBrnc0
TP3002 -712" dBmOp
Single Frequency Distortion , 1020 Hz Input Signal at 0 dBmO, (Figure 8) —-40 dBmO
Reference Voltage ) '"-(Note .1) . 5.25 ‘550 |'5.75 |V
Temperature Coefficient of Referencé Voltage i 1.5 mV/°C
Decoder 0 dBmO Output Level (Note 1) 2.58 2.70 2.92 Vrms
Intrachannel Crosstalk , . .
Go-to-Return Crosstalk ‘Level at Decoder Output Due to a 0 dBmO -62 dBmO0
' Signal Being Encoded (Figure 9) .
Return-to-Go Crosstalk " Level at Encoder Output (Measured Via 70 dBm0"

Independent Decoder) Due to a 0 dBmO
Signal Being Decoded (Figure 10} -
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Electrical Characteristics (continued)

vt= 12V, V™ =-12V, VEE = —12V (Note 4) over operating temperature range, unIesS otherwise specified.

PARAMETER CONDITIONS MIN TYP | MAX UNITS

Interchannel Crosstalk (TP3001 Only) Level at Decoder Output When a —80 dBmO -83 dBmO

Signal is Applied to Encoder Input
. (Figure 11)

Analog Output Frequency Response 300 < f< 3.4 kHz +0.05 dB Deviation
From Theoretical
sinx/x Response
(Figure 3)

Logical 1" Input Voltage (Note 5) 4.0. \

Logical 1" Input Current . Digital Vy = 5V 1 uA

Logical “0"" Input Voltage ' 0.8 \

Logical 0" Input Current Digital VN = 0V -1 uA

" Master Clock Frequency, F¢ For Proper Operation: : 128 kHz
: Duty Cycle = 50% +10%
Input and Output PCM Buffer Clocks Foand Fj= 8kHz 64 2100 | kHz
(Fpo and Fp) Fbo. Fpbi Duty Cycle = 40~-60%
Propagation Delay Fpg to Valid PCM Out ’ 50 150 250 | ns
PCM Out Pin Capacitance 4 pF
- PCM Out Fall Time : 1 k&2 Resistor to Vpp . 50 150 | ns
o 100 pF Capacitor to Vssg
System Power Dissipation Fbo. Fpi= 1.544 MHz . 250 300 | mw
Shutdown Mode (LF3701 Only) Pin 3 at Logic High 10 20 mwW

Note 1: The relationship between the digital coding and the relative audio signal level is fixed as follows: a sine wave of 1 kHz and a nominal
level of 0 dBmO should be present at the audio output of the decoder when the appropriate character sequence shown below is applied to the
decoder input.

TP3001 SYSTEM TP3002 SYSTEM
u-LAW A-LAW
MSB_2 3 4 5 : 6 7 LSB ' MSB_ 2 3 4 5 6 7 LSB
0 o0 o0 1 11 1 0 0.0 1 1 0o 1 0 o
0 0 0 0 1 0 1. 1 o o0 1 o0 0 O0 0 1
0 0 0 0 1 0. 1 1 0 0 1 0 0O 0 0 1
0 0 o0 1 1 1 1 0 o 0 1 10 1 0 o
1 0 0 1 1 1 1 0 N 0 1 1 0 1 0 o
10 0 0 1 0 1 1 1 0 t o0 0 0 0 1
10 0 0 1 0 1 1 i 0 t 0 0 0 0 1
1 0 0 1 101 1 0 1 0 1 1 0o 1 0 o

The resulting theoretical load capacity (Tmax) is 3.17 dBmO for the TP3001 system (u-law) and 3.14 dBmO for the TP3002 system (A-law).
Note 2: The PCM transmit filter must be AC coupled to the CODEC and a resistor of 24 k2 or lower must be tied between analog in and analog
ground. CODEC input impedance wil! then appear as 24 k2.

Note 3: PCM OUT and S; are open drain outputs and will require external pull-up resistors to +6V maximum, 1 k2 for PCM OUT and 10 k&2 for
S; are recommended when Fpq = Fppj = 2.1 MHz. '

Note 4: Special care must be taken to assure that the substrate to ground pn junction is never forward biased. In cases where the negative power
must be open circuited, it is recommended that a high current diode (1 amp Schottky) be placed between V™ and ground. It is further recom-
mended that the power supply turn-on sequence be as follows: V™ or ground first, followed by V™. Power supply turn-off should reverse the
procedure. : ,

Note 5: For TTL or LS compatibility, external pull-up resistors are required between the digital inputs and the TTL or LS logic power supply.
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TP3000

System DeSCl’ipﬁon (Refer to block diag;rams)

The master clock for the system is F¢ and must be run at
128 kHz which divides the 125 us (1/8 kHz) time-frame
into 16 time slots. The rising edge of the Output Sync
(Fg) initiates the encoding cycle. The Input Sample
and Hold Contro! (IN S/H CNTL) will go high for 19 us
thereby causing the input sample and hold to acquire a
new input analog voltage. This acquired analog voltage is
presented to a UNITY GAIN BUFFER located on the
CMOS chip and then forwarded to the positive com-
parator input on the linear chip. The successive approxi-
mation will then begin. The SUCCESSIVE APPROXI-
MATION REGISTER will first load a zero code into the
NON-LINEAR D/A CONVERTER. The output of the
D/A converter goes to a second unity gain buffer and
then to the negative input of the comparator on the
linear chip. The comparator will then decide if the
sampled analog voltage is positive or negative. If the
analog input voltage is positive, the CONTROL LOGIC
will pull the polarity control line high, which in turn’
will cause the voltage reference on the linear chip to
deliver a positive reference voltage to the NON-LINEAR
D/A CONVERTER. Conversely, if the analog input
voltage is negative, a negative reference voltage will be
applied to the NON-LINEAR D/A. The successive
approximation will turn ON the second bit to the
NON-LINEAR D/A .CONVERTER and a decision is
made to either leave that bit ON, or turn it OFF. The
logic will then turn ON the third bit and make a decision
to leave that bit ON or turn it OFF. In this way, the
analog input voltage can be converted into the standard
8-bit u-law or A-law code in 8 clock cycles.

At the end of the encode cycle the 8-bit code is loaded
into the OUTPUT PCM BUFFER. The word is read out

serially (MSB first) on PCM OUT by the Output Clock
(Fpo) and the Output Sync (Fg).

System Block Diagrams

-12v

MM58100

The incoming PCM word is read in serially (MSB first)
on the PCM IN line by the Input Clock (Fpj) and the
Input Sync (Fj). When the input word has been read in
and F; goes low, the system will immediately switch
over to the decode mode. The current status of the
successive approximation is temporarily stored while
the decode word is delivered to the NON-LINEAR D/A
CONVERTER. During decode, the ladder is shifted the
required 1/2 LSB to minimize distortion. The CON-
TROL LOGIC will then raise the Output S/H Control
line so that the Output Sample and Hold will acquire
this new output voltage. After 4 clock cycles the circuit
will return to the encode mode. The analog output of
the system will therefore be a staircase type output with )
the associated sinx/x frequency distortion, (Figure 3).

The system incorporates an AUTO-ZERO circuit to
ensure a low DC offset for the encoding process, and
very low idle channel noise. The encoded MSB (the sign
bit) is latched on the MSB OUT pin. This signal then is
fed to a simple external low pass RC filter (with a time
constant of about 100 ms to 1 sec) and then to the
AUTO-ZERO pin on the LF3700. The DC voltage on

_this pin will adjust the offset of the input sample and

hold to correct for any offset voltage in the encoding
path. This will also correct for up to £20 mV DC offset
voltage present in the analog input signal. This scheme
simply forces equal numbers of positive and negative
voltages over the long term.

Theré are 4 pins available in the TP3001 system for the

. insertion and extraction of signaling bits. The operation
- of these pins is covered in the timing diagrams.

TP3001 System

g 1] F I S/H CONTROL |28
(CMOS CHIP)
O weut
b 2| Fu pCM 21
BUFFER Vee
e b
Sam 25 1] «comein A 2
(LINEAR CHIP) . -
BUFFERS Voo +, v- =
NON.LINEAR /A 0UT |24 2| comp oo |18
O/A CONVERTER + (] 2009F
NS/ OUT | 23 3 COMPARATOR INS/H CAP |18 ]
2 PWRON 1
«compin | 22 c 4 | s conTROL INSHOUTPUT|17 A GND)

OUTS/H
CONTROL | 21

5| comp ouT INPUT 1

POL
9]com out| CONTROL | 20

v
SAMPLE
AND HOLD

AN

§|POL CONTROL 5V
REFERENCE
7| VReF

SUCCESSIVE
10| mss our : APPROXIMATION e 1
i - ] X REGISTER NeP—
out 1 pcmour Vaer b1
o O ourr g -
” 1 2 acnn
K Loewe surren AGND
S = bl : 15 10] 0UT S7H cAP
AGND
L Fal1s _L. .
i 200 F
A GND
Fo
Vrene

H

1o ObuF
8 out s IneuT oy e \ L“(n !
Hoio QUT S/H CONTROL T—L

Aout
Aout 11
—o0

Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic hlgh (5V) is the power

down standby mode for the TP3000 systems.
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System Block Diagrams (continued)

TP3002 System
R
3 MMER150
5 A (CMOS CHIP) /SH CNTL | 22
o 2}y 21 1| scome v LF1100
) I -
o e ver . (LINEAR CHIP) v
2|-comp
—ne -umn 00,
. X 20 3 COMPARATOR INS/H CAP
00 AR DN
PCM IN afpcmin NON LINEAR 0/al1s 4]INS/H CONTROL IN S/HQUTPUT
F, ¢ D/A CONVERTER
© s|Fe  soutfis 5| comp out WUt .
o— / K SAMPLE v
6 | come our +coMPIN |17 6 fpoL contRoL v AND HOLD A
REFERENCE
7| MsB our OUT S/H CNTL | 16 1)|Vaer AuTO
2680
remouT| 8| peu out POLCONTROL |15 Sloursmweur NG ST ano Donof
APPROXIAATION
poND 9 1 3 HoLo 0UT S/ CONTROL n—
DGND v, AGND =
, - REF DGND Agur
o = 10|Fho 13 10} 0UT S/H CAP AouT| 11 v
O A GND 0
fo 1|F 12 L 2000F
o CONTROL Acno
wosic g
outPUT
o A GND 'AGND
BUFFER
- 01,F
AAA- |
i

AGND

Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic high (5V) is the power
down standby mode for the TP3000 systems.

Ordering Information

SYSTEM

ORDER LINEAR PART:

AND CMOS PART:

TP3001 (u-law)
TP3002 (A-law)

LF3700D (D20A)
LF3700D (D20A)

MM58100D (D28D)
MM58150D (D22B)

Description of Pin Functions

CMOS PIN FUNCTIONS:

, MM58100 MM58150
PIN PIN
NO. . NO.
1 1 Fir
(INPUT
SYNC)

NAME

Fpi
(INPUT
PCM
CLOCK)

Fsi
(MM58100

INPUT SIG-

NALING
ENABLE)

4 - Si
(MM58100

INPUT SIG-

NALING
BIT)

FUNCTION

When this line goes high, the data
on the PCM IN line is shifted into
the INPUT PCM BUFFER by Fp;
(INPUT CLOCK). This line must be
high for 8 clock pulses of Fp;.
When F; goes low, the incoming
PCM word is loaded into the NON-
LINEAR D/A CONVERTER and
the QUTPUT SAMPLE AND HOLD
is placed in the acquire mode. Dur-
ing decode, the D/A converter is
shifted 1/2 LSB. After the decode
is completé, the successive approxi-
mation will resume.

The leading edges of this clock will
serially shift the data on the PCM
IN line into the INPUT PCM BUF-
FER when the Fj (INPUT SYNC)
line is high.

When this line is high, the falling
edge of F; (INPUT SYNC) will
transfer the LSB on the incoming
PCM word to S; (INPUT SIGNAL-
ING BIT). The PCM word is then
decoded as a 7-bit code.

When Fgi (INPUT SIGNALING
ENABLE) is high, the LSB of the
incoming PCM word is transferred
to this line and latched by the fal-
ling edge of Fj (INPUT SYNC). An
external pull-up resistor of 10k to
the digital positive supply is
required.

CMOS PIN FUNCTIONS: (Continued)

MM58100 MM58150

PIN
NO.
5

6

PIN
NO.

4

NAME

PCM IN

So
(MM58100
OQUTPUT
SIGNALING
BIT)

Fso
(MM58100
OUTPUT
SIGNALING
ENABLE)
F¢
(MASTER
CLOCK)

COMP OUT

MSB8 OUT

PCM OUT

D GND
(DIGITAL
(GND)

FUNCTION

The incoming PCM word is received
on this line.

When the Fso (OUTPUT SIGNAL-
ING ENABLE) line is high the LSB
of the PCM word in the OUTPUT
BUFFER is replaced by the logic
state on this line.

When this line is high and Fo (OUT-
PUT SYNC) is low, the logic level
on So (OUTPUT SIGNALING BIT)
is transferred to the LSB of the
OUTPUT PCM BUFFER.

This is the principal clock of the
CODEC system. All CODEC func-
tions with the exception of F;
{INPUT SYNC) and Fp;j (INPUT
CLOCK) are synchronized to Fc.
This clock frequency should be
128 kHz.

This is the output of the analog
comparator which is used in the
successive approximation conver-
sion,

The encoded MSB appears on this
line for use in the AUTO ZERO
function.

The result of the digital encoding is
available on this line. A Tk external
resistor to the digital positive sup-
ply is required.

All digital signals should be refer-
enced to this line.
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TP3000

Description of Pin Functions (continued)

CMOS PIN FUNCTIONS: (Continued)

MM58100 MMS58150

PIN
NO.
13

14

15

19
20

21

22

23

24

25

26

27

28

PIN
NO.
10

17

20

21

22

NAME FUNCTION
Fpo (OUT-  The falling edges of this clock will
PUT PCM serially shift the PCM word in the
CLOCK) PCM OUTPUT BUFFER to the

PCM OUT line.
No Connection .
When this line goes high, the output

o

(OUTPUT PCM word can be shifted out by

SYNC) Fpo (QUTPUT CLOCK). This line
must be high for 8 clock pulses of
Fho. When F goes high, the follow-
ing sequence is initiated: the IN-
PUT SAMPLE AND HOLD first ac-
quires the ANALOG IN voltage and
a successive approximation conver-
sion is made on that voltage using
the NON-LINEAR D/A CON- -
VERTER and the COMPARATOR.

+ The resulting 8bit PCM word is

then loaded into the OUTPUT
PCM BUFFER. .

A GND All analog signals should be refer-

(ANALOG  enced to this line.

GROUND) .

A GND * All analog signals shoul/d be refer-

(ANALOG  enced to this line.

GROUND)

VREF This is the +VREF or the —VREF
for the NON-LINEAR D/A CON-
VERTER. )

No Connection c

POLCNTL  This is the digital command for

(POLARITY +VREF or =VREF.

CONTROL) ' .

OUT S/H This is the digital command for the

CNTL (OUT- OUTPUT SAMPLE AND HOLD to
PUT SAMPLE acquire a new voltage.

AND HOLD

CONTROL) .

+COMP IN This is the output of the buffer
(NON-IN- amplifier for the input sample and
VERTING hold. This is connected to the
COMPAR-  +COMP IN pin on the linear chip.
ATOR

INPUT)

INS/HOUT This is the input of the buffer
{OUTPUT OF amplifier for the input sample and
THE INPUT  hold. This is connected to the out-
SAMPLE put of the input sample and hold
AND HOLD) on the linear chip.

D/A QUT This is the output voltage of the
NON-LINEAR D/A CONVERTER.
Vpp This is the positive voltage supply

for the digital chip which is pro-
- vided by the analog chip.
No Connection
VEE This is the negative supply voltage
for the digital chip (—12V).
IN S/H CNTL This is the digital command for the
(INPUT SAM- INPUT SAMPLE AND HOLD to
PLE AND acquire a new voltage.
HOLD CON-
TROL)

LINEAR PIN FUNCTIONS:

LF3700
PIN
NO.
1

~

20

NAME

+COMP IN
(NON-INVERT-
ING COMPAR-
ATOR INPUT}
—COMP IN
(INVERTING
COMPARATOR
INPUT)
POWER DOWN

IN S/H CNTL
(INPUT SAM-
PLE AND HOLD
CONTROL)
COMP OUT
(COMPARATOR
OUTPUT)

POL CNTL
(POLARITY
CONTROL)
VREF

OUT S/H

INPUT (INPUT
TO OUTPUT
SAMPLE AND
HOLD)

A GND
(ANALOG
GROUND)

OUT S/H CAP
(OUTPUT SAM-
PLE AND HOLD
CAPACITOR)
AOUT
(ANALOG
ouT)

OUT S/H

CNTL (OUTPUT
SAMPLE AND
HOLD CONTROL)
D GND

(DIGITAL
GROUND)

AUTO Z

“(AUTO ZERO)

AIN
(ANALOG IN)
vt

IN S/H OUT-
PUT (OUTPUT
OF INPUT
SAMPLE AND
HOLD)

IN S/H CAP
(INPUT SAM-
PLE AND HOLD
CAPACITOR)
Vobp

v—

FUNCTION

This is tied to the +COMP IN pin on the
CMQS chip.

This is tied to the D/A OUT pin on the
CMOS chip and the OUTPUT SAMPLE
AND HOLD INPUT pin on the linear
chip. .
Connect to Analog Gnd’ — LF3700
(LF3701 see note System Block Diagram).
This is tied to the IN S/H CNTL pin on
the CMOS chip. '

This is tied ta the COMP OUT pin on the
CMOS chip.

This is tied to the POL CNTL pin on the
CMOS chip.

This is tied to VREF on the CMOS chip.
This is the analog input to the OUTPUT
SAMPLE AND HOLD. This should be

- connected to the D/A OUT pin on the

CMOS chip and the inverting comparator
input pin on the linear chip.

All analog signals should be referenced to
this line. ’ ’

A low leakage, 200 pF capacitor should
be connected from this line to ANALOG
GROUND.

This is the output of the QUTPUT
SAMPLE AND HOLD.

. This is- tied to the OUT S/H CNTL pin

on the CMOS chip.

All digital signals should be referenced to
this line.

This 1s connected to the MSB QUT line
of the CMOS chip after an external low
pass filter.

. This is the appropriately filtered analog

input.

This is the positive supply voltage for the
analog chip.

This is the analog output voltage of the

“INPUT SAMPLE AND HOLD. This is

tied to the IN S/H OUT pin on the CMOS
chip. : .

A low leakage, 200 pF capacitor should
be connected from this line to analog
ground,

This is the positive supply voltage for
the CMOS chip. This is tied to Vpp on
the CMOS chip.

This is the negative supply for the linear
chip.
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Typical Performance Characteristics

SIGNAL/TOTAL DISTORTION RATIO (dB)

O rrEaRE
TREORETICAL LIMIL
Typical | J~1—] 1
P00 S/ et \ -
1 HA 55238 f1338
{ Grs | comt it
// égn.a L s
20 Y §
126
10
0
-60 50 —40 30 -20 ~10-3 O

INPUT LEVEL (dBmD)

FIGURE 1. Typical Signal/
Total Distortion Ratio as a
Function of Input Level with
a White Noise Source

05
0.25

-0.25
-0.5

AGAIN (dB)
o

INPUT LEVEL (dBm0)
FIGURE 2. Maximum Gain
Tracking Error (AGain) as
a Function of Input Level
with a White Noise Source

F—+TELEPHONE B, TH

GAIN (dB)
/

-2

-4 y—L SINX/X WHERE X = nf/8kHz 1

-6

003 1 2 334 4
FREQUENCY (kHz)

FIGURE 3. Output sinx/x
Frequency Response

) - * — — — —
Test Set-Up Diagrams T TR
AF133 | | N
MARCONI TRANSMIT ANALOG IN § | PCw out
TE2807A FILTER T ENCODE ]
PCM MULTIPLEX I
TESTER . I
RECEIVE ANALOG OUT | PR LA
MEASUREMENT  NOISE ]  FTEr 1 DECODE <]
PORT SOURCE
- - AFI34 | ]
[
A | I |
| AF133
B
A TRANSMIT PERFECT
Lo FILTER ENCODE
600 l The Marconi TF2807A’s noise
) i output has a probability distri-
-O. bution of amplitude approxi-
= A C‘%— AF134 mating a Gaussian distribu-
tion which is band limited to
H;ﬁ?é/; ?ERCFDEEII? <+ conform with the latest CCITT
recommendations.
Switch position A — Perfect encode; decode TP3000
Switch position B — Encode TP3000; perfect decode
FIGURE 4. Test Set-Up for Signal-to-Distortion and Gain Tracking Using a Noise Source
HP204D r TP3000 1
OSCILLATOR AF133
PCM OUT
1020 Hz TRANSWIT | ANALOGIN 4 ENCODE |
0 dBm0 FILTER 1 I
" RECEIVE ANALOG OUT | o] FCMm N
ATTENUATOR — FLTER i DECODE T
R AF138 | |
b O¥o— L — =
HP334A
DISTORTION 8 | AF133
ANALYZER ' A TRANSMIT PERFECT
’e) FILTER ENCODE
I 600 !
C-MESSAGE 5 ]
WEIGHTING
FILTER — A oﬂo—- AF134
- ]
RECEIVE PERFECT <
FILTER DECODE -

Switch position A — Perfect encode; decode‘LrP3000
Switch position B — Encode TP3000; perfect decode

FIGURE 5. Test Set-Up for Signal-to-Distortion Using a 1020 Hz Signal

*Perfect encode or decode is u-law when testing TP3001 and A-law when testing TP3002
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TP3000

Test Set-Up Diagrams* (continued)

v

r————

" TP3000
AF133
| PCM OUT
MARCON! TRANSMIT ANALOG IN
TF2807A FILTER 1 ENCODE 1
PCM MULTIPLEX I l
TESTER !
| RECEIVE ANALOG OUT | DECUDE ] PCM IN
MEASUREMENT 1020 Hz FILTER L 11
PORT SOURCE
- AF138 | |
' A
.| AF133
) A TRANSMIT . PERFECT
—0o } FILTER - ENCODE
600 '
B °1J.o_1 . .
— A o AF134
= 13
RECEIVE ~ PERFECT <
FILTER - . DECODE -
Switch bosition A - Perfect encode; decode TP3000
Switch position B — Encode TP3000; perfect decode
FIGURE 6. Test Set-Up for Gain Tracking Using 1020 Hz Signal
| TP3000 1
-~ pecMout
ANALOG IN : ENCODE |
1
600 ' l
RECEIVE ANALOG OUT § Pu | PCM IN
1 —'1 FILTER T DECODE ‘—"
- AF134 | |
U |
PERFECT
ENCODE
) THE PCM OUTPUT CODES FROM THE
600 PERFECT ENCODE BLOCK MUST BE EITHER
11111111 OR 01111111 FOR THE TP3001 SYSTEM
— AF134 AND 11010101 OR 01010101 FOR THE TP3002 SYSTEM
s o | et |
TRANSMISSION )

AND NOISE N \ A I
MEASURING SET ' ‘

Determine the 0 dBmO level on the HP3555B and then measure the idle channel
noise with the HP35558B in the C-MSG-mode. The noise in dBrnc0 is 90 dBm0-A,
where A is the idle channel noise measurement down from the O level (in dB).

FIGURE 7. Test Set-Up for Idle Channel Noise

*perfect encode or decode is u-law when testing TP3001 and A-law when testing TP3002
1
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Test Set-Up Diagrams® (continued)

000€dl

‘ r TP3000 A
AFI33 | |
1 - tRansmiT ANALOG IN | Pemour
FILTER T ENCODE I
HP204D ' I
OSCILLATOR .
RECEIVE ANALOG OUT § _f PCM IN
1020 Hz 1 FILTER T DECODE 49
0 dBm0 -
AF134 | |
<
. L
| AF133 '
A TRANSMIT i PERFECT
L—0 FILTER ENCODE
600 I
DY I i
= A o AF134
- —O)
RECEIVE PERFECT < o
HP302A FILTER DECODE hl
WAVE -
ANALYZER
The output at any frequency (except 1020 Hz) should be at least 40 dB down.
The two frequencies of interest are the second and third harmonics (2040 Hz
and 3060 Hz).
Switch position A -- Perfect encode; decode TP3000
Switch position B — Encode TP3000; perfect decode .
FIGURE 8. Test Set-Up for Single Frequency Distortion
™ Paooo om tescor Y .
HP204D * 0 -
OSCILLATOR AF133 | |
ANALOG IN PCM OUT DO NOT CONNECT PCM OUT TO A
1020 Hz TRANSIT } ENCODE —'—-—» DECODER IN THIS TEST CONFIGURATION. ’
0dBm0 [ LEAVE PCM OUT PIN OPEN
RECEIVE ANALOG OUT ¢ o | PCM N
FILTER 1 DECODE 4
AF134 | |
, L
AF133 THE PCM OUTPUT CODES FROM THE
TRANSMIT PERFECT PERFECT ENCODE MUST BE EITHER
- FILTER ENCODE 01111111 OR 11111111 FOR THE
TP3001 SYSTEM AND 11010101 OR
. 600 01010101 FOR THE TP3002 SYSTEM
HP302A
WAVE ANALYZER
TUNE FOR : .
1020 Hz ) : . N

FIGURE 9. Test Set-Up for Go-to-Return Crosstalk

*Perfect encode or decode is u-law when testing TP3001 and A-law when testing TP3002




TP3000

Test Set-U‘p Diagrams* (continued)

r TP3000 1
AF133 | |
| TRANSMIT ANALOG IN ] PcmouT
- FILTER 1 ENCODE ]
600 I . '
PCM IN
| DECODE < l
HP204D L — —— — — _l
OSCILLATOR AF133
1020 Hz TRANSMIT . PERFECT
0dBm0 FILTER ENCODE
HP302A '
WAVE ANALYZER AF134
TUNED TO RECEIVE PERFECT <&
/ 1020 Hz | FILTER DECODE -
FIGURE 10. Test Set-Up for Return-to-Go Crosstalk
HP204D TP3000 "
OSCILLATOR AF133 |
3dBmd TRANSMIT | ANALOGIN § ENCODE | pemourt
1kHz FILTER T |
1 receve ANALOG 0UT § | PCM IN
ATTENUATOR FILTER - 1 DECODE N
AF134 ' | |
I |
R | AF133
A TRANSMIT PERFECT
—0 ' FILTER ENCODE
600 N N
Ol
= A AF134
HP302A - —O
WAVE ANALYZER RECEIVE PERFECT <
TUNE TO FILTER DECODE
1020 Hz

Switch position A — Perfect encode; decode TP3000
Switch position B — Encode TP3000; perfect decode

FIGURE 11. Test Set-Up for Interchannel Crosstalk

*Perfect encode or decode is u-law when testing TP3001 and A-law when testing TP3002
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Timing Diagrams

MULTI-CHANNEL )
OPERATION

SINGLE CHANNEL
OPERATION ¢
(Fho = 64 kHz)

MULTI-CHANNEL
OPERATION

SINGLE CHANNEL
OPERATION <
(Fpj = 64 kHz)

SYSTEM TIMING
Fo. Fho and PCM OUT Relationships

Fg (8kHz)

—|

MIN 100 ns
|‘— TO DETECT HI TO LOW TRANSITION - l“ MIN 100 ns

Fho | I l I | | | | I | | | | | I | | | I I I
OPEN " oPEN
pemour  OPEN \MSBX 2 X 3 X 4 X 5 X 6 X 7 XLSB/‘ DPEN
Fo (8kHz) “ “

. . Fo IN LOGIC “0" SHOULD OVERLAP
= MIN 100 ns = Fpo IN LOGIC “1” FOR A MIN OF 500ns

Fho
PCM OUT X LS8 X MSBX X X X X X XLSB X MSBX
PRE N | CURRENT WORD |- nexTworo

Fi, Fpj and PCM IN Relationships

Fi (8kHz) I

__l,‘MINiﬂﬂns
TO DETECT LOW TO HI TRANSITION
PCM IN XMSBX 2 X 3X4 X 5 X 6 X 7 XLSBX
Fj (8kHz) “ ”
-——‘ |-—M|N100ns ——‘ l——mm 500 ns

- LT T ]

" le————————CURRENT WORD }<— NEXT WORD
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TP3000

Timing Diagrams (Continued)

- SIGNALING
- (TP3001 Only)

Fsor So. Fo Timing Relationships

‘

o Fso SHOULD OVERLAP EACH SIDE OF
0 THE POSITIVE EDGE OF Fq 500 ns MIN

500 ns e . !
— ~=—1500 ns - o

OPEN - v S OPEN
PCM OUT DRAIN XvMSBX 2 X‘s X 4 X 5 X 6 X 7 %ﬂnmm

Fsi, Si, Fi Timing Relationships

Fsi SHOULD OVERLAP EACH SIDE OF
Fsi ' THE NEGATIVE EDGE OF F; 500 ns MIN

500 ns [~
. . i |==500 ns
Si L . : ’ X

Fi

) . . o .
O 000000
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Timing Generator
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} %m
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Vee
D a
DM74LS74 0 1
CLK = )
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CLK a
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Converters







National
Semiconductor

Digital-to-Analog Converters

AD7520 10-Bit Binary Multiplying D/A Converter
AD7521 12-Bit Binary Multiplying D/A Converter

General Description

The AD7520 and the AD7521 are, respectively, 10 and
12-bit binary multiplying digital-to-analog converters.
A deposited thin film R-2R resistor ladder divides
the reference current and provides the circuit with ex-
cellent temperature tracking characteristics (typically
0.0002%/°C linearity error temperature coefficient). The
circuit uses CMOS current switches and drive circuitry
to achieve low power consumption (30 mW max) and
low leakages (200 nA max). The digital inputs are com-
patible with DTL/TTL logic levels as well as full CMOS
logic level swings. This part, combined with an external
amplifier and voltage reference, can be used as a standard
D/A converter; however, it is also very attractive for
multiplying applications (such as digitally controlled
gain blocks) since its linearity error is essentially inde-
pendent of the voltage reference.

This part is available with 10-bit (0.05%); 9-bit (0.10%),
and 8-bit (0.20%) non-linearity. The AD7520L,
AD7520K, and AD7520J are direct replacements for

the 10-bit resolution AD7520 and AD7530 family. The
AD7521K, AD7521J and AD7521L ‘are direct replace-
ments for the 12-bit resolution AD7521 and AD7531
family. For more information, see DAC1020 data sheet.

Features

® |ntegrated thin film on CMOS structure

@ 10-bit or 12-bit resolution

= Low power dissipation 10 mW @ 15V typ

®  Accepts variable or fixed reference —25V < VREF <
+25V

a8 4-quadrant multiplying capability

® |nterfaces directly with DTL, TTL and CMOS

m Fast éettling time—600 ns typ ‘
m | ow-feedthrough error—1/2 LSB @ 100 kHz typ

Equivalent Circuit

VRef IN

9
I

| |
| |
: ) | | GND
r r r r r r r r r r | r r |
| i 1 ) | ] 1 ! ] I I 1
] 1—3 + + + 1# 1 +—- 1 + 1-L 1 + L + + 1 i O lgyt 2
1 ' ' + + ' 4 } 4 + +—t + 1 O lgut!
] ] ] 1 } 1 ] 1 | 1 l 1 ] I
1 1 1 1 1 | 1 1 1 1 1 1 -
I 1 ) | I 1 | | I 1 | i |
) J; s S b ) ) S ) ) 14 ) I
(r:s|a) » A A3 A4 A5 AG Y A8 A9 (fslg) L_A:l—- _ ii: _ __J REEEDBACK

Switches shown in digital high state

Connection Diagrams

AD7520 AD7521

Ordering Information

10-Bit D/A Converter .

Dual-In-Line Package Dual-In-Line Package OPERATING TEMPERATURE RANGE
, U 1. . ) " ACCURACY [ C < TA < +125°C | 0°C < TA < +70°C
lout ' = — RFEEDBACK lout 1 [~ RFEEDBACK 0.05% AD7520UD AD7520LD
I 15 - LRV 0.10% AD7520TD AD7520KD
out Ree” oure " 0.20% AD7520SD AD75204D
oo e GND — — V"
R " B s *See NS Package D16C
A1 (Mse) —| = at0(L58) A1 (MsB) —] = A12 (Ls8) :
22 2] 12 9 T o 1A 12-Bit D/A Converter v
5 11 6 13 OPERATING TEMPERATURE RANGE
a1 L ne A3 — [— A0 ACCURACY > o Too s
) 0 ; 1 -55°C < Tp <+125°C |0°C < T < +70°C
A1 — A1 A= A 005% AD7521UD AD7521LD
254 12 ne ns = L as 0.10% AD7521TD AD7521KD
3 10 0.20% AD7521SD .. AD7521JD
A6 — = A7
*See NS Package D18A -

TOP VIEW
TOP VIEW
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AD7520, AD7521

Absolute Maximum Ratings

Operating Temperature Range

MIN MAX UNITS
v*to Gnd 17v Temperature (Ta)
VREF to Gnd +25V AD7520L, AD7520K 0 +70 °c
Digital Input Volitage Range v* to Gnd AD7520J, AD7521L 0 - +70 °C
DC Voltage at Pin 1 or Pin 2 (Note 3) —100 mV to vt AD7521K, AD7521J 0 +70 °c
Storage Temperature Range —65°C to +150°C AD7520S, AD7520T 55 +125 °c
Lead Temperature (Soldering, 10 seconds) 300°C AD7520U, AD75218 -55 +125 °C
AD7521T, AD7521U . 55 +125 °c
Electrical Characteristics (v*=15v, VReF = 10.000V, Ta = 25°C unless otherwise specified) :
AD7520L, AD7520K, | AD7521L, AD7521K,
PARAMETER CONDITIONS AD75204 AD7521J UNITS
MIN TYP | MAX | MIN TYP | MAX
Resolution 10 12 Bits
Linearity Error TMIN<TALTMAX,
=10V <VRef <+10V,
(Note 1)
10-bit Parts AD7520L, AD7520U, AD7521L, AD7521U 0.05 0.05 % FS
9-bit Parts AD7520T, AD7520K, AD7521T, AD7521K 0.10 0.10 % FS
8-bit Parts AD7520S, AD7520J, AD7521S, AD7521J 0.20 0.20 ‘% FS
Linearity Error Tempco -10V < VRef < +10V, 0.0002 0.0002 % FS/°C
(Note 1)
Full-Scale Error -10V < VREF < +10V, 0.3 03 % FS
' (Notes 1 and 2)
Full-Scale Error Tempco TMIN <TA<TMAX. 0.001 0.001 | % FS/°C
) (Note 2)
‘Output Leakage Current
10UT1 ) All Digital Inputs Low, TMIN S TA < TMAX 200 - 200 nA
louTt2 A All Digital Inputs High, TMIN.< TA < TMAX 200 200 nA
Power Supply Sensitivity All Digital Inputs High, 0.005 0.005 % FS/V
1av<vt<iev ]
VREF Input Resistance 5 10 20 5 10 20 kQ2
Full-Scale Current Settling R = 1002 from 0 to 99.95%
Time FS . s
All Digital Inputs Switched 500 500 ns
) Simultaneously
VREF Feedthrough -All Digital Inputs Low, 10 10 mVp-p
' VREF = 20 Vp-p @ 100 kHz
Output Capacitance
10UT1 Al Digital Inputs Low 37 37 pF
All Digital Inputs High 120 120 pF
louT2 All Digitat Inputs Low 120 120 pF
: All Digital Inputs High 37 37 pF
Digital Input (Note 1) .
Low Threshold - TMIN < TA<TmAX. 0.8 0.8. v
High Threshold TMIN <TA<TmAX 24 24 \
Digital Input Current TMIN S TA < TmAX ,
N Digital Input High 11 100 1 100 HA
Digital Input Low 50 -200 ~50 —200 UA
Supply Current All Digital Inpﬁts High 0.2 1.6 02 | 186 mA
: All Digital Inputs Low 0.6 2 0.6 2 mA
Operating Pov(er Supply ; 5 15 5 15 \
Range '

Note 1: VREE = +10V and VREF = +1V.
Note 2: Using internal feedback resistor. -

Note 3: Both IgyT¢ and |0U;|'2 must go to ground or the virtual ground of an operational amplifier. For every millivolt offset between louT1

or loyT2, 0.005% linearity error will be introduced.
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National’n Diéita‘l-to-Anang Converters
Semiconductor |

DACO800(LMDACOS8) 8-Bit Digital-to-Analog Converter

general description
The DACO08 is a monolithic 8-bit high-speed current- The DAC0800L, DAC0802L, DAC0800LC, DAC0801LC

O
>
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o
(00
o
2
=
=
O
>
@)
o
9

output digital-to-analog converter (DAC) featuring and DACO802LC are a direct replacement for the
typical settling times of 100 ns. When used as a DAC08, DAC08A, DACO8C, DACO8E and DACO8H,
“multiplying DAC, monotonic performance over a 40 to respectively. .

" 1 reference current range is possible. The DACO8 also

features high compliance complementary current outputs

to allow differential output voltages of 20 Vp-p with features

simple resistor loads as shown in Figure 1. The reference- ® Fast settling output current , ' 100 ns

to-full-scale current matching of better than =1 LSB B Full scale error +1 LSB

eliminates the need for full scale trims in most applica- ® Nonli . £0.1%

tions while the nonlinearities of better than +0.1% over. onlinearity over temperature 0.1%

temperature minimizes system error accumulations. B Full scale current drift +10 ppm/°C
® High output compliance —10V to +18V

‘The noise immune inputs of the DACO08 will accept B Complementary current outputs

TTL levels with the logic threshold pin, Vi ¢, pin 1 Interface directly with TTL, CMOS, PMOS and

grounded. Simple adjustments of the V| c potential others
allow direct interface to all logic families.. The perfor-

1 1 r o d ) - il
mance and characteristics of the device are essentially 2 .qua rant wide range multiplying capibl ity .
unchanged over the full 4,5V to +18V power supply B Wide power supply range +4.5V to £18V
range; power dissipation is only 33 mW with #5V" B Low power consumption 33 mW at 5V
supplies and is independent of the logic input states. B Low cost
typical applications o connection diagram

10v . " Dual-In-Line Package
DIGITAL INPUTS U
—te—— .
THRESHOLD 1 16
M:asis B2 B3 B4 B5 BG B7 Lsssa CONTROL, V)¢~ ® | COMPENSATION
: 10k 10 B 2 15
? ? ? ? ? ? ? lout 3 - Tour = — VREF(-)
. 5k “5 6 7 8 9 10 11 12 Lo -3 S LLRVR,
. 4 13 4
DAC08 Vgyr T0 20 Vpp lout = =V
_|:~V5:N— < mss 81— 12 65 158
| R

V™ 0.01uF

15 .
3 16 13 12 LI
. - == . . 82— —
01 |, el TouT . .
I | = 83— —56
— Cc = ' 80— : 265
= " = )

FIGURE 1. +20 Vp-p Output Digital-to-Analog Converter TOP VIEW

ordering information

TEMPERATURE ORDER NUMBERS*

NON LINEARITY - RANGE D PACKAGE (D16C) J PACKAGE (J16A) N PACKAGE (N16A)
+0.1% FS -55°C<Ta<+125°C | DAC0802LD | LMDACOSAD | DACO800LAJ | LMDACO8J
+0,1% FS 0°C<TAL+70°C DAC0802LCJ | LMDACO8HJ | DACO802LCN | LMDACO8HN
+0.19% FS -55°C<Ta <+125°C | DACOSOOLD | LMDACO8D DAC0800LJ | LMDACO08J
$0.19%FS . |0°C<TAL+70°C . [ - DACO0800LCJ | LMDACOSEJ | DACO80OLCN | LMDACOSEN
40.39% FS .. [ 0°C<Ta <+70°C . | DAC0801LCJ [ LMDACO8CJ | DAC0801I.CN | LMDACOSCN

*Note. Devices may be ordered by using either order number. [
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DACOSOO(LMDACOB)

absolute maximum ratings

operating conditions

in the dual-in-line J or D package must be d d based on a th

Supply Voltage +18V or 36V MIN MAX UNITS
Power Dissipation (Note 1) , 500 mwW Temperature (Ta)
Reference Input Differential Voltage (V14 to V18) V= to vt DACO0802LA, LMDACOSA -55 +126 °c
Reference Input Common-Mode Range (V14,V16) V™ to V* DACO800L, LMDACO8 —55 +125 °c
‘R v .
Referance Input Gurrent V10 V= plus aee DAC0800LC, LMDACOBE, 0 +70 °c
An:log gurrent Outputs ° f'-"igu:re 24 DAC0801LC, LMDACOSC, o 70 . .C
- D. A +70. °
Storage Temperature ~65°C to +150°C AC0802LC, LMDACO8H 0 70 ¢
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (vs =15V, IRgr = 2 mA, TMiN < Ta < TMAX unless otherwise specified.
Output characteristics refer to both lgyT and IQyT.)
DACO0802L/ DACO800L/
' PARAMETER CONDITIONS DAC0802LC DACO0800LC DAC0s0ILC UNITS
MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity 0.1 0.19 +0.39 %FS
ts Settling Time To 11/2_ LSB, All Bits Switched 100 135 100 160 ns
“ON" or "OFF", Tp = 26°C
DACO0800L 100 135 ns
DACO0800LC 100 160 . ns
tPLH, tPHL Propagation Delay Ta=25°C
Each Bit 35 60 35 60 35 . 60 ns
Al Bits Switched I ) 35 60 35 60 Y ns
TCIEs Full Scale Tempco +10 +50 +10 450 10 +80 |ppm/°C
Voc Output Voltage Compliance | Full Scale Current Change -10 18 -10 18 -10| 18 v
< 1/2 LSB, RouT > 20 M Typ
IFs4 Full Scale Current VREF =10.000V, R14 = 5,000 kQ 1.984] 1.992 | 2.000 | 1.94| 1.99 2.04 194 199 2.04 mA
R15 = 5.000 k2, TA = 25°C
33 Full Scale Symmetry IFs4 — IFS2 0.5 |14.0 1 8.0 2 16 KA
izs Zero Scale Current V 0.1 1.0 0.2 20 0.2 4.0 HA
IFSR Output Current Range 0 2.0 21 0 20 2.1 0 20 21 mA
0 2.0 4.2 0 20 4.2 0 20 4.2 mA
Logic Input Levels
ViL Logic 0" vic=0v 0.8 N 0.8 0.8 \'
ViH Logic “1 2.0 2.0 20 v
 Logic Input Current vic=ov .
TR Logic 0" —-10v<Vvyy <+0.8V -2.0 =10 -2.0 =10 -2.0 =10 HA
hH Logic “1" V< VNS +18V 0.002 | 10 0.002 | 10 0.002 | 10 KA
Vis Logic Input Swing =15V -10 18 =10 18 -10 18
VTHR Logic Threshold Range Vg =16V -10 135 |-10 135 | —10 1:_5.5
115 Reference Bias Current . -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 HA
di/dt Reference Input Slew Rate (Figure 24) 8.0 8.0 8.0 mA/us
PSSIFS+ Power Supply Sensitivity 45v< vt <18v 0.0001| 0.01 0.0001| 0.01 0.0001} 0.01 %/%
PSSIFs— -45v<VT<18v 0.0001} 0.01 0.0001] 0.01 0.0001] o0.01 %/%
IREF=1mA )
Power Supply Current Vg =15V, IREF=1mA
I+ . 23 38 23 3.8 23 38 mA
- -4.3 -5.8 -4.3 -5.8 -4.3 -5.8 mA
Vg=5V, —16V, IREF=2mA - )
I+ 24 3.8 24 38 24 38 B mA
- 6.4 -7.8 -6.4 -7.8 -6.4 -18 mA
Vs=2*15V, IR = 2mA
I+ v 25 38 25 38 25 38 mA
- 65 -7.8 6.5 -7.8 -6.5 -18 mA
Pp Power Dissipation *5V, IREF = 1 mA 33 48 33 a8 33 48 mwW
5V, 15V, IREF = 2MA 108 | 136 108 136 108 136 mW
+15V, IREF=2mA 135 174 135 174 135 174 mwW
Note 1: The of the DAC0800, DAC0801 and DAC0802 is 100°C. For operating at elevated temperatures, devices

of 100°C/W, junction to ambient, 176°C/W for the molded dual-

in-line N package.
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block diagram

v vie 81 82 83 N 8 8 0 @
?ﬂ ?| Ts Te . ?7 Tn Ts Tm Tn Tu
] | | | | | | |
I 8IS . I
g NETWORK - - - s 3tour
| S B S A S A B S v
e R LR LR I R TR L RS R L R S
Vaer oM = -- - 8 e - -~
Vaeel-) O P
3 Y
o $
DACO08
G 3
o o -
comp v-
equivalent circuit
MSB LSB
vt Vie 81 82 83 B84 85 86 87 88
T3 1 s s 7 s 3 10 T 12
v
4
| T 1 1 1 1 1 2
HHGCH HCG H HC o G G A o [ &
*vnuﬂ . 23 L3 p:
comp o2 s "6 Jl/:z rjl/sa 128 128
v 2a v A aA 28 A .) A
ks N i ’}“ j N L
P an[ R
R R 2R R
¢ — DACO8
3 -
<
FIGURE 2
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DACO800(LMDACO08)

. typical performance characteristics

Full Scale Current
vs Reference Current

6 -TA=TM|NT°TMAxI -
iy L ALLBITSHIGH |
E s LIMIT FOR
= “V= 15V
] ES
= 4 -
©
=2
=}
5 3
=
2 2
P LIMIT FOR T
| -V =-5V — ]
1 ! ]
. 1
0 1 2 3 4 5
IREE - REFERENCE CURRENT (mA)
FIGURE 3.
Reference Amp
Common-Mode Range
4
'35 | TA= T 70 Tyax
— 3% L eirs on”
E a2
5 28
&
£ 24
E “V=-15V "V =-5V ty = 15V
o 2
5 | ] | 'aer-2mA
g 1
2 12 IRgF = 1 mA +—
=]
08 HF —F T
s I 1
04 Ipgp=02mA—|
0 'y o |

-14 -10 -6 -2 2 6 10 14 18
V15 — REFERENCE COMMON-MODE VOLTAGE (V)

Note. Positive common-mode range is
always (V+) — 1.5V.

FléURE 6

Output Current vs Output
Voltage (Output Voltage

Compliance)
28 "
ALL BITS “ON”  Tp=Tmn T0 Tmax
- 24 il |- 1
z 2
£. V-V = -5V I
E o2
] I IREF =2 mA
g 15 1
S v '
3
é 12 IREF =1 mA
3 08 IN
| I |
=]
= 04 {RgF =02 mA
o U 1 L1 1

-4 -10 -6 -2 2 6 10 14 18
Vg - OUTPUT VOLTAGE (V)

FIGURE 9

- Pp — PROPAGATION DELAY (ns)

Vg — OUTPUT VOLTAGE (V)

1; — LOGIC INPUT CURRENT (uA)

LSB Propagation Delay vs IFS

450

400 HH:
350

300

250 f—

200 1LSB=178nA

150 |—4 .

100 S

50 Ry =
[}

00102 0050100205 1 2 5 10
Igs — OUTPUT FULL SCALE CURRENT (mA)

FIGURE 4

Logic Input Current
vs Input Voltage

0
-12-10-8-6-4-202 4 6 81012141618

) V; - LOGIC INPUT VOLTAGE (V)

FIGURE 7

Output Voltage Compliance
vs Temperature

JSHADED AREA INDICATES:
|y PERMISSIBLE OUTPUT
VOLTAGE RANGE FOR
I -V =-15V, Ipgg <2 mA.

8
4
. N
0 | FOR OTHER -V OR Ipgg,
SEE FIGURE
-4

-50 0 50 100 150
Tp — TEMPERATURE (°C)

FIGURE 10
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Reference Input
Frequency Response

10 |-R14=R15=1k
8 AL <500

6 [ALLBITS “ON"

4 fugg=ov

2 .

]

RELATIVE OUTPUT (dB)

1
=

@

.

-10
o i
1l

01 02 05 1 2 5 10
FREQUENCY (MHz2)

Curve 1: C¢=15pF, V| =2 Vp-p
centered at 1V.

Curve 2: Cg =15 pF, VN =50 mVp-p
centered at 200 mV. !

Curve 3: Cc =0pF, Vn =100 mVp-p
at OV and applied through 50 Q2 con-
nected to pin 14. 2V applied to R14.

FIGURE 5

VTH — V¢ vs Temperature

2.6
24
22
2
1.8
16 ~|
1.4 ~
12 g
1
0.8
0.6
© 04
0.2
.0

Vir-Vic V)

-50 0 50 100 160
Tp — TEMPERATURE (°C)

FIGURE 8

Bit Transfer Characteristics
T T

LR I
1.2} IREF=2mMA

=\ Vv
04 ] 1 BS T
_1. - = -5v =183
TN CEmy)
e =
-12-10-8-6-4-20 24 6 B 101214 1618
V| — LOGIC INPUT VOLTAGE (V)

Note. B1—B8 have identical transfer
characteristics. Bits are fully switched
with less than 1/2 LSB error, at less than
100 mV from actual threshold. These
switching points are guaranteed to lie
between 0.8 and 2V over the operating
temperature range (V) ¢ = 0V).

FIGURE 11




typical performance characteristic

Power Supply Current vs TV

Power Supply Current vs -v

S (Continued)

Power Supply Current
vs Temperature

3 8 AL BITS AIGH OF LOW ¥ IatLems MAY'BE blmml DR|L0\‘V § v ALL BITS HIGH OR LOW
£ 7 g’ |- WITH Iggr =2mA ] - ¥ [ tngr =2ma T
E 6 - = 6 =t T 2 8 I l
= 2 | | £ 7 -y =15V
3 .5 g 5 1= WITH Iggp =1 mA | S -
> 2 >
o) 4 o 4 T —1 1 2 5
& o] T 1T T &
a g 3 I-WITH Iggp = 02 mA 2 4
« 3 s | a
g, S | g *v = 15V
2 I+ H " 2 ] |
- | s | N
L R
¥ E3
£ o
0 2 4 6 8 10 12 14 16 18 20 0 -2 -4 -6 -8 -10-12-14-16-18-20 -50 50 100 150
Vg - POSITIVE POWER SUPPLY (V) V — NEGATIVE POWER SUPPLY (V) Tp ~ TEMPERATURE (°C)
FIGURE 12 FIGURE 13 FIGURE 14
typical applications (Continued)
DIGITAL INPUTS
MSB LsB IFs ‘z—ﬁ—-—-—.'-vHEF x ?EE
:!ri ? B3 B4 B5 B6 B7 BB REF 256
IReF ? ? ? ? ? 1o =
—VReF [5 T 6 910 1T 12 ) " lo.+ Io =Ifs forall
*Vaer 1 logic states
Rper
(R13) DAC03
Vi 5 _ For fixed reference, TTL operation,
3 13 1% o typical values are:
- vo comrd v ) VREF =10.000V
01uF | Cc 01, VLC RREF = 5.000k
R15 ~ RREF
l | Cc=0.01pF
= 9 S = V¢ =0V (Ground)
FIGURE 15. Basic Positive Reference Operatio_n
. .
IREF ~2mA
u | RREF 2 [
AA—] 12 14
LOWTC -
45k DACOS = DACO8
G “Vpgr O—O—AAA—
e y 15 VRer 15 , 5
- _JLAPPHOX
= &
e —VReg 255 Note: RREF sets IFg: R1‘5 is
FS RREF 25 for bias current cancellation

FIGURE 16. Recommended Full Scale Adjustment Circuit FIGURE 17. Basic Negative Reference Operation

IREF =2 MA Oyl
—

DIGITAL INPUTS .

ms Ls8
Bl B2 B3 B4 05 B B7 B8 Ep

B1 B2 B3 B4 B5 B6 B7 B8| lomA |lgmA| Eo Eo
Full Scale 71 1 1 1 1 1 1] 1992 | 0.000 |-9.960 | 0.000
Full Scale—LSB 11 1 1 1 1 1 o] 198 | 0008 }|-9920 | —0.040
Half Scale+LSB 1 0 0 0 0 0 o0 1] 1008 | 0984 |-5040 | 4920
Half Scale 1.0 0 0 0O O 0 o0} 1000 | 0992 |-5000 | —4.960
Half Scale—LSB 0o 1% 1 1 1 1 1 1| 0892 | 1.000 |-4.960 | —5.000
Zero Scale+LSB o 000 0 0 O o0 1| 0008 | 1984 |-0.040 | -9.920
Zero Scale 0 0 o o o o o o/ oooo | 1992 0.000 |-9960

FIGURE 18. Basic Unipolar Negative Op
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DACO800(LMDACO8)

typical applications (Continued)

HIREF = 2 MA Ot

B1 B2 B3 B4 B5 B6 B7 B8| Eg © Eo

Pos. Full Scale 1T 1 1 1 1 -1 1 1][-9920 | +10.000
Pos. FullScale=LSB {1 1 1 1 1 1 1 0]-9.840 | +9.920
ZeroScale+LSB ., |1 0 O O O O O 1[-0080 | +0.160
Zero Scale 1 0 0 0 0 0 O Of oooo | +0.080
Zero Scale—LSB o 1 1 1 1 1 1 ~1][+0.080 0.000
Neg.FullScale+LSB [0 0 0 0 0 0 0 1[+9.920 | -9.840
Neg. Full Scale 0 0 0 0 0 0 .0 O0]+10000]-9920

FIGURE 19. Basic Bipolar Output Operation

5k
RL

5k
\ VREF = 10V O=AAN—

1f R_ = Ry_within +0.05%, output is symmetrical about ground

. B1 B2 B3 B4 B5 B6 B7 B8] Eg
Pos. Full Scale 1T 1 1 1 1 1 1 1|+9.920
Pos. Full Scale—LSB |1 1 1 1 1 1 1 +9.840

(+) Zero Scale 1. 0 0 0 0 0O O oO]|+0.040]"
' (-) Zero Scale o 1t 1 1 11 1 10040
Neg. FullScale+LSB [0 0 © ©0 0 O O 1 [-9.840
Neg. Full Scale 0 0-0 0  0-0 0 o0}-992

FIGURE 20. Symmetrical Offset Binary Operation

_ 255
IFs = o= IREF

5l
|
[

For complementary output (operation as negative logic DAC), con-
nect inverting input of op amp to Ig (pin 2), connect I (pin 4)
to ground. .

FIGURE 21. Positive ‘Lvow I | Output Op

Ep
O 0T0-Igs- Ry

255
IFs = o= IREF

DACOB K 256

sl
I
I

For complementary output (operation as a negative logic DAC) con-
nect non-inverting input of op amp to lg (pin 2); connect Ig .
(pin 4) to ground. .

FIGURE 22. Negative Low Impedance Output Op
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typical applications (Continued)

Vig=Vig+1.0v

15V CMOS, HTL, HNIL PMOS
Vry =16V Vi =0V
. ) I = 14148
T, anV | 12V 70 15V I
Vin 4148 | | N4148
l | Vic
DACD8
| vwl 10k
vic I zegéx IM”F I .
L | L I -SVTO-10V
—_—_—————— L
+ 10V CMOS 10K ECL
Vri 3 -1.29V

2N3304

-
Vrp =5V l
I
I
I

Vic I
4148
o | :
I 1
- I -52v vic

Note. Do not exceed negati\}e logic input range of DAC.

FIGURE 23. Interfacing with Various Logic Families

"VRer

'REF
v
—
Vin—o—
Rin

[

DACO8

(a) IREF > peak negative swing of ljy

*VREF

RR;EF OPTIONAL RESISTOR
g FOR OFFSET INPUTS

NO cAP

Typical values: Ry = 5k, +V | = 10V

FIGURE 24. Pulsed Reference Operation

RREF
*Vper O—MW——1 14

RIS DACO8
(0PTIONAL)

Vin—g—  O—AN— 15

HIGH INPUT
IMPEDANCE "

Rpgr ~ RIS

(b) +VREF must be above peak positive swing of Vyy

FIGURE 25. Accomodating Bipolar References

0.1 4F
FOR TURN 0N, Vi =27V I I
FOR TURN “OFF", VL =07v 'L
S0uF -
< =
Mo Q 1k =
CAPACITANCE \§ 0.14F
HP5082-2800 [ = 04V
SCHOTTKY DIODES r_-l -
v = Vour v
& 1 X PROBE o
04y

. RREF 8 9 10 11 12
Vaer O—AMA—] 13
DACOB
0.U.7)
R15 our)
15
13 16
"Lo.uur
01 4F _—L_Io.m:

FIGURE 26. Settling Time Measurement

39 ..

=,
>
)
o
o
o
=
r
=
o
>
0
o
-




DACO800(LMDACO08)

typical applications (Continued)

cLocK

LSB Q)

8-BIT DIGITAL
WORD

Mmse

S

. 5V STOP
v _r CONVERSION

0
FREE
RUN

10 2

GND
Q0 01 02 03 04 05 Q6 07

CLK
C

DM2502 Py u
SAR

H [P

U
b O ANALOG v

. INPUT

IN  LHOO70 OUT!

12 {11 }10
LSB 87 BG B5 B4 B3 B2 MSB \ ,
I

R4
3.M

9 8 |7 |6 §5

DACO8

comp  Vic

0.9 uF

T
I

T [

g

Note. For 1 us conversion time with 8-bit resolution and 7-bit
accuracy, an LM361 comparator replaces the LM319 and the
reference current is doubled by reducing R1, R2 and R3 to
2.5 k2 and R4 to 2 MQ2.

"FIGURE 27. A Complete 2 us Conversion Time, 8-Bit A/D Converter




National
Semiconductor

Digital-to-Analog Converters

DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

general description

The DACO0808 series is an 8-bit monolithic digital-to-
analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only
33 mW with +5V supplies. No reference current (IREF)
trimming is required for most applications since the full
scale output current is typically £1 LSB of 255 IREF/
256. Relative accuracies of better than +0.19% assure
8-bit monotonicity and linearity while zero level output

" current of less than 4 uA provides 8-bit zero accuracy
for IREF 2 2 mA. The power supply currents of the
DACQ808 series are independent of bit codes, and
exhibits essentially constant device characteristics over
the entire.supply voltage range.

The DACO0808 will interface directly with popular TTL,
DTL or CMOS logic levels, and is a direct replacement
for the MC1508/MC1408. For higher speed appllcatlons
see DACO0800 data sheet.

features

® Relative accuracy: *0.19% error maximum
(DAC0808)

® Full scale current match: £1 LSB typ

® 7 and 6-bit accuracy available (DAC0807, DAC0806)

® Fast settling time: 150 ns typ

® Noninverting digital inputs are TTL and CMOS

compatible
® High speed multiplying input slew rate: 8 mA/us
Power supply voltage range: 4.5V to +18V
® Low power consumption: 33 mW @ +5V

block and connection diagrams
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FIGURE 1. +10V Output Dlgnal to Analog Converter

ordering information

ACCURACY | OPERATING TEMPERATURE ORDER NUMBERS*
RANGE D PACKAGE (D16C) J PACKAGE (J16A) N PACKAGE (N16A)
8-bit ~55°C < TA < +125°C DACO808LD |LM1508D-8 | DAC0808LJ | LM1508.-8
8-bit 0°C<TAS+75°C DAC0808LCJ | LM1408J-8 | DACO80BLCN | LM1408N-8
7-bit 0°C< TA S +75°C DAC0807LCJ | LM1408J-7 | DACOSO7LCN | LM1408N-7
6-bit 0°c <TAa<L +75°C DACO0806LCJ LM1408J-6 DACO806LCN | LM1408N-6

*Note. Devices may be ordered by using either order number.
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absolute max1mum ratings (Ta-= 25 C unless otherwise noted)

Power Supply Voltage

Vee 55Vpc

VEE -16.5 Vpc
Digital Input Voltage, V5—V12 -10Vpc to +18 Vpg
Applied Output Voltage, Vo -11Vpgto +18 Vpg X
Reference Current, l14 5mA
Reference Amplifier Inputs, V14, V15 Vee.: VEE

electrical charactenstlcs

Power Dissipation (Package leltatlon)
Cavity Package *
Derate above Tp = 25°C

Operating Temperature Range
DAC0808L
DACO0808LC Series

Storage Temperature Range -

1000 mW
“6.7 mW/°C

-B5°C < Tp < +125°C
0< Tp < +75°C
—65°C to +150°C

(Vcc =5V, VEE = —15 Vpe, VREF/R14 2'mA, DACOBO8L Ta=-55°C to +125°C, DACOBOBLC DACO0807LC,.
DACO0806LC, TA=0°Cto +75 C, and all digital inputs at high logic level unless otherwise noted.)

DACO0808, DAC0807,

DAC0806

PARAMETER CONDITIONS MIN TYP MAX X UNITS
Ey Relative Accuracy (Error Relative (Figure 4) %
to Full Scale Q) * <
DACO0808L (LM1508-8), +0.19 %
DACO0B08LC (LM1408-8) VN .
DACO0807LC (LM1408-7), (Note 1) +0.39 %
DACO0806LC (LM1408-6), (Note 1) +0.78 : %
Settling Time to Within 1/2 LSB TA = 25°C (Note 2), 150 ns
(Includes tpLHJ (Figure 5)
tPLH, - Propagatibn Delay Time TA = 25°C, (Figure 5) 30 ! 100 ns
tPHL ’
TClo Output Full Scale Current Drift +20 ppm/°C
MsB Digital Input Logic Levels (Figure 3) . . .
ViH High Level, Logic 1" , . 2 . VpC
ViL Low Level, Logic 0" . 08 Vpe
© MSB Digital Input Current (Figure 3) .
High Level ViH = 5V 0 ’ 0.040 mA
Low Level ViL=0.8V ~0.003 -0.8 mA
s Reference | nput Bias Current (Figure 3) -1 ) -5 LA
Output Curreﬁt Range (Figure 3)
: VEE = -5V 0 2.0 2.1 mA
VEE = =15V, Ta = 25°C 0 2.0 4.2 mA
o Output Current VREF = 2.000V,
R14 = 100012, '
(Figure 3) 1.9 1.99 2.1 mA
Output Current, All Bits Low . (Figure 3) 0 4 o HA
Output Voltage Compliance Er<0.19%, Ta = 25°C ) '
Pin 1 Grounded, —0.55, +0.4 ) Vpe
VEE Below —10V ‘ -5.0, +0.4 Vpec
SRIREF Reference Current Slew Rate (Figure 6) 8 mA/us
Output Current Power Supply ~5V < VEg < —16.5V 0.05 27 HAIV
Sensitivity '
Power Supply Current (All Bits ) (Figure 3)
Low) '

Icc 23 22 : mA
IEE -4.3 =13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3) .

Vee 45 5.0 5.5 Vpe
VEE ' B -4.5 -15 . =165 Vpe

Power Dissipation
Al Bits Low Vce =5V, VEE = -5V 33 @ 170 mW
Vee =5V, VEE = —15V 106 305 mwW
All Bits High vee = 15V, VEE = —5V 0 ‘ mw
Vce =15V, VEE = =15V 160 . mwW

Note 1: All current switches are tested to guarantee at least 50% of rated current.

Note 2: All bits switched.
Note 3: Range control is not required.




typical performance characteristics >>
Vee = 5V, VEE = —15V, Ta = 25°C, unless otherwise noted 8 8
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g . ™ Curve A: Large Signal Bandwidth
5 PN, Method of Figure 7, VREF = 2 Vp-p
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=
S \ Curve B: Small Signal Bandwidth
R Method of Figure 7, R = 2509,
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DACO0808, DAC0807
DACO0806
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FIGURE 2. Equivalent Circuit of the DAC0808 Series




test circuits > >
Vee O 0
lee O O
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DAC0808, DAC0807,

DACO0806

test circuits (Continued)
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FIGURE 8. Negative Vpp

FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit
-application hints’

, REFERENCE AMPLIFIER DRIVE AND COMPEN- 114. For bipolar reference signals, as in the multiplying
SATION . mode, R15 can be tied to.a negative voltage corres-
. . ponding to the minimum input level. It is possible to
The reference amplifier provides a voltage at pin 14 for eliminate R15 with only a smaII sacrlflce in accuracy
converting- the reference voltage to a current, and a and temperature drift.
turn-around circuit Or current mirror for feeding the :
ladder. The reference amplifier input current, 114, must The compensatlon capacitor value must be increased
always flow into pin 14, regardless of the set-up method with increases in R14 to maintain proper phase margin;
or reference voltage polarity. : for R14 values of 1, 2.5 and 5 k{2, minimum capacitor
: : values are 15, 37 and 75 pF. The capacitor may be tied
Connections for a positive voltage are shown in Figure 7. to either VEE or ground, but using VEE .increases
The reference voltage source supplies the full current negative supply rejection.
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application hints - (Continued)

A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main
advantage of this method. Compensation involves a
capacitor to VEE on pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive
reference voltage equal to the peak positive input level
at pin 15,

When a DC reference voltage is used, capacitive bypass
to ground is recommended. The 5V logic supply is not
recommended as a reference voltage. If a well regulated
5V supply which drives logic is to be used as the refer-
ence, R14 should be decoupled by connecting it to
5V through another resistor and bypassing the junction
of the 2 resistors with 0.1 uF to ground. For reference
voltages greater than 5V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current source, none of the above compensa-

tion methods apply and the amplifier must be heavily -

compensated, decreasing the overall bandwidth.
OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted toa range of —0.6 to
0.5V when VEE = —5V due to the current switching
methods employed in the DAC0808.

The negative output voltage complia‘nce of the DAC0808
is extended to —5V where the negative supply voltage is
more negative than —10V. Using a full-scale current of

1.992 mA and load resistor of 2.5 k{2 between pin 4 -

and ground will yield a voltage output of 256 levels
between 0 and —4.980V. Floating pin 1 does not affect
the converter speed or power dissipation. However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of R up to
50082 do not significantly affect performance, but a
2.5 k2 load increases worst-case settling time to
1.2 us (when all bits are switched ON). Refer to the
subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum, rating of 4.2 mA may be
used only for negative supply voltages more negative
than —7V, due to the increased voltage drop across the
resistors in the reference current amplifier.

i

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift.
Relative accuracy is the measure of each output current
level as a fraction of the full-scale current. The relative
accuracy of the DACO0808 is essentially constant with
temperature due to the excellent temperature tracking

of the monolithic resistor ladder. The reference current
may drift with temperature, causing a change in the
absolute accuracy of output current. However, the
DAC0808 has a very low full-scale current drift with
temperature. ’ o

The DACO0808 series is guaranteed accurate to within
+1/2 LSB at a full-scale output current of 1.992 mA.
This corresponds td a reference amplifier output current
drive to the ladder network of 2 mA, with the loss of
-1 LSB (8 uA) which is the ladder remainder shunted to
ground. The input current to pin 14 has a guaranteed
value of between 1.9 and 2.1 mA, allowing some mis-
match in the NPN current source pair. The accuracy test
circuit is shown in Figure 4. The 12-bit converter is
calibrated for a full-scale output current of 1.992 mA.

This is an optional step since the DAC0808 accuracy is

essentially the same between 1.5 and 2.5 mA. Then the
DACO0808 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the
error band may be displayed on an oscilloscope, detected
by comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to
construct a 16-bit accuracy D-to-A converter. 16-bit
accuracy .implies a total error of £1/2 of one part in
65,5636, or +0.00076%, which is much more accurate
than the *0.019% specification provided by the
DACO0808.

MULTIPLYING ACCURACY

The DACO0808 may be used in the multiplying mode
with 8-bit accuracy when the reference current is varied
over a range of 256:1. If the reference current in the
multiplying mode ranges from 16 A to 4 mA, the
additional error contributions are less than 1.6 uA. This
is well within 8-bit accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase
in current for each increment in the binary word.
Typically, the DAC0808 is monotonic for all values of
reference current above 0.5 mA. The recommended
range for operation with a DC reference current is 0.5 to
4 mA.

"SETTLING TIME

The worst-case switching condition occurs when all
bits are switched ON, which corresponds to a low-to-high

* transition for all bits. This time is typically 150 ns

for settling to within +1/2 LSB, for 8-bit accuracy,

and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The *

turn OFF is typically under 100 ns. These times apply
when R < 50082 and Co < 25 pF.

Extra care must be taken in board layout since this is
usually the dominant factor in satisfactoy test results
when measuring settling time. Short leads, 100 uF
supply’ bypassing for low frequencies, and minimum
scope lead length are all mandatory.
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DAC1020, DAC1220

National Digital-to-Analog Converters
Semiconductor
DAC1020 10-Bit Binary Multlplymg D/A Converter
DAC1220 12-Bit Binary Multlplylng D/A Converter

General Description o
The DAC1020 and the DAC1220 are respectively, DAC1020, DAC1(_]21, and DAC1022 are direct re-

10 and 12-bit binary multiplying dlgltal-to analog con- . placements for the .10-bit resolution AD7520 and
verters. A deposited thin film R-2R resistor ladder divides AD7530 family. The DAC1220, DAC1221, and
the reference current and provides the circuit with ex- | DAC1222 are direct replacements for the 12-bit re-

cellent temperature tracking characteristics (0. 0002%/ ~ solution AD7521 and AD7531 family.
°C linearity error temperature coefficient maximum). '

The circuit uses CMOS current switches and drive Features

circuitry to achieve low power consumption (30 mW

max) and ‘low output leakages (200 nA max). The = u Non Imeanty guaranteed, over temperature
digital inputs are compatible with DTL/TTL logic levels ,
as well as full CMOS logic level swings. This part, com: . Integrated thin film on CMOS structure
bined with an external ar_npliﬁer'and voltage reference, [ 10 bit or 12-bit resolutron

can be used as a standard D/A converter; however, it
is also very attractive for multiplying apphcatrons (such
as digitally controlled gain blocks) since its linearity ] Accepts variable or fixed reference -25V < VREF <
error is essentially independent of the voltage refer- +25V

ence. All inputs are protected from damage due to
static discharge by diode clamps to v*and ground. -

= Low power dissipation 10 mW @ 15V tyn

5 4. quadrant multlplymg capabmty

. . ® Interfaces directly with DTL TTL and CMOS
This part is available with 10-bit (0.05%), 9-bit-(0.10%),

and 8-bit (0.20%) non-linearity guarenteed. over tem- .
perature (note 1 of electrical characteristics). “The °~ ® Low feedthrough error—1/2 LSB @ 100 kHz typ

® Fast settling time—500 ns typ

Equ“’al_ent c"cu't- . Note. Switches rshown in digital high state ruur INCLUDED FOR uAmuzn—I
10k o

VRer IN

20k

GND .

rf rf v rf rf o o o
1 1 1 1 M1 ] ] i ' Loapliqr 1
1 4 + 4 + >+ 4 : + + — &t 1 ~Ogur?
1 L 1 I I + I I } I + + + —O igur !
[ | 1 ] 1 1 1 1 N I e i
] ! 1 N 1 1 8 ! 1 [ 1 1 -
1 1 1 t 1 1 T ] v I 1
ISR SR SR S SR S R TR TR TR SO |
Al A2 A3 A4 A5 - A6 A A8 A9 A10 * AN ©A12 REEES
MsB) . N - (LSB) L . —(,- e —J FEEDIA.CK
Connection Diagrams , : Ordering Information-
DAC102X DAC122X . ORDERING INFORMATION*
Dual-In-Line Package Dual-In-Line Package ACCURACY| TEMPERATURE RANGE
) 0°C TO +70°C —55°C to +125°C
1l U 6 . . 1 :U N 18 g <
Tout 1= [ Pkeeosack tour ! — | Peeeosack | 0.05% | DAC1020LCD|AD7520LD|DAC1020LD|AD7520UD
ourz= 'S vaer i tgurz 2 “ e | 0.10%  [DAC1021LCD| AD7520KD|DAC1021LD| AD7520TD
3 N s s : 0.20% |DAC1022L.CD|AD7520JD | DAC1022LD| AD7520SD
GND ==~ . v eNp— —v*
J—1 ) 3 0 use) AUMSI)—" _|_5_m'(m) *See NS Package D16C R
1 ey 12, 5 Y L2 an T ORDERING INFORMATION*
s " 5 13 ACCURACY o TEMPERATURE RANGE
~ " 2 L T 0°CTO+70°C_ | -55°CTO+125°C
At = ' (- ar A= : —e 0.05% ' |DAC1220LCD|AD7521LD|DAC1220LD|AD7521UD
sy L2 ns ns L ne 0.10% *|[DAC1221LCD|AD7521KD|DAC1221LD|AD7521TD
gt : iy 0.20% - |DAC1222LCD|AD7521JD |DAC1222LD|AD7521SD
v ‘*See NS Package D18A ‘ T
TOP VIEW
TOP VIEW Note. Devu:es may be ordered by erther part number. .
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Absolute Maximum Ratings

Operating Conditions

. MIN MAX UNITS
V_+ to Gnd 17v Temperature (Ta)
VREF to Gnd +25V DAC1020LD, DAC1021LD, -55°C +125 °c
Digital Input Voltage Range V+,to Gnd DAC1022LD, DAC1220LD,
DC Voltage at Pin 1 or Pin 2 (Note 3) ~100 mV to V* DAC1221LD, DAC1222LD
Storage Temperature Range —65°C,to +150°C °
Lead Temperature (Soldering, 10 seconds) 300°C gig:g;gtgg' g:g:g;gtgg' 0 *70 ¢
' DAC1221LCD, DAC1222LCD
Electrical Characteristics
(vt=15yv, VREF = 10.000V, Ta = 2_5°C unless otherwise specified)
. . DAC1020, DAC1021, DAC1220, DAC1221, }
PARAMETER CONDITIONS DAC1022 DAC1222 UNITS
: ' MIN TYP | MAX | MIN TYP | MAX .
Resolution 10 12 Bits
Linearity Error TMIN<TA<TMAX.
—10V < VRef <+10V,
(Note 2)
10-Bit Parts DAC1020, DAC1220 0.05 0.05 % FS
9-Bit Parts DAC1021, DAC1221 0.10 0.10 % FS
8-Bit Parts DAC1022, DAC1222 0.20 0.20 % FS
Linearity Error Tempco —10V < VREF < +10V, 0.0002 0.0002 L% FS/°C
(Note 1)
Full-Scale Error —10V < VREF < +10V, 0.3 0.3 % FS
(Notes 1 and 2)
Full-Scale Error Tempco  |'TMIN < Ta < TMAX. 0.001 0.001 |%FS/°C
(Note 2)
Output Leakage Current | TMIN < TA < TMAX
lout 1 All Digital Inputs Low 200 200 nA
louT 2 ‘All Digital Inputs High 200 200 nA
Power Supply Sensitivity | All Digital Inputs High, 0.005 0.005 % FS/V
14V < vt <16V, (Note 2),
(Figures 1 and 2)
VREF Input Resistance . 5 10 20 | 5 10 20 kQ
Full-Scale Current Settling | R_= 10082 from 0 to 99.95%
Time FS
All Digital Inpuits Switched 500 500 ns
Simultaneously
VREF Feedthrough All Digital Inputs Low, 10 10 mVp-p
VREF =20 Vp-p @ 100 kHz
Output Capacitance - )
louT 1 All Digital Inputs Low 37 37 pF
All Digital Inputs High 120 120 pF
louT 2 All Digital Inputs Low 120 120 pF
All Digital Inputs High 37 37 pF
Digital Input (Figure 1)
Low Threshold TMIN<TA<TMAX 0.8 0.8 \%
High Threshold TMIN<TA<TMAX 24 24 \%
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Electrical Characteristics (continued)

(vt=1 5V, VREF = 10.000V, TA = 25°C unless otherwise specified)

DAC1020, DAC1021

DAC1220, DAC1221

DAC1020, DAC1220

PARAMETER "CONDITIONS DAC1022 DAC1222 UNITS
MIN TYP | MAX | MIN TYP | MAX:
Digital Input Current TMINS TA<TMAX
Digital Input High 1 100 1 100 LA
Digital Input Low —50 -200 -50 —200 MA
Supply Current All Digital Inputs High 0.2 1.6 0.2 1.6 mA
All Digital Inputs Low 0.6 2 06 | 2 mA
Operating Power Supply (Figures 1 and 2) 5 15 5. ’ 15 \%
Range

Note 1: VREF = +10V and VREF = #1V. A linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guarantees 0.009% maxi-
mum change in linearity error, For instance, if the linearity error at 256°C is 0.045% FS it could increase to 0.054% at 70°C and the DAC will be no
longer a 10-bit part. Note, however, that the linearity error is specified over the device full temperature range which is a more stringent but other-
wise more useful specification since it inc/udes the linearity error temperature coefficient.

Note 2: Using internal feedback resistor as shown in Figure 3.

Note 3: Both IgyT 1 and IgyT 2 Must go to ground or the virtual ground of an operational amplifier. For every millivolt offset between IQUT 1
or loyT 2, 0.005% linearity error will be introduced.

Typical Performan

'

ce Characteristics

2 ~—_ V" 1 -
a . =15y
g 15 \'1#\!\
@ ]
= ~
e o1
=
o i
=
-
= 05
o
a
0 .
. 0 20 49 60

Ta - TEMPERATURE (°C)

FIGURE 1. Digital Input Threshold vs
Ambient Temperature

0.10
8
2 0.05
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> g
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(=]
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w
=-0.05
<
(<]

-0.10

5.0 10.0 15.0
vt (VOLTS)

FIGURE 2. Gain Error Variation vs V*
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Typical Applications

The following applications are also valid for 12-bit

systems using the DAC1220 and 2 additional digital

inputs.

Operational Amplifier Bias Current (Figure 3)

The op amp bias current, Ip, flows through the‘10k,

internal feedback resistor. BI-FET op amps have low
Ip and, therefore, the 10k X lp error they intraduce is
negligible; they are strongly recommended for- the
DAC1020 applications. The Ip of the LM741 type
bipolar op amps is of the order of 200 uA and if a
VREF < 10V is used, bias current cancellation schemes
are recommended.

Vs Considerations

The output impedance, RoyT, of the DAC is modu-
lated by the digital input code which causes a modulation
of the operational amplifier output offset. It is therefore
recommended to adjust the op amp VQos. RQUT is

~10k if more than 4 digital inputs are high; RQUT is
~30k if a single digital input is high, and RoUT
\approaches infinity if all inputs are low.

) ‘Opefational Amplifier Vog Adjust (Figure 3)

Connect all digital inputs, A1—A10, to ground and
adjust the potentiometer to bring the op amp VouT
pin to within £1 mV from ground potential. If VREF is
less than 10V, a finer Vg adjustment is required. It is
helpful to increase the resolution of the VQg adjust
procedure by connecting a 1 k2 resistor between the
inverting input of the op amp to ground. After Vg has
been adjusted, remove the 1 k2.

Full-Scale Adjust (Figure 4)

Switch high all the digital inputs, A1—A10, and measure
the op amp output voltage. Use a 50002 potentiometer,

" as shown, to brmg HVOUT” to a voltage equal to VREF x
1023/1024.

SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER

: : CIRCUIT SETTLING CIRCUIT SMALL
OP AMP FAMILY Cg Rj P Vi TIME, t SIGNAL BW
LM357 10 pF 2.4k 25k vt 1.5 us’ ™
LM356 22 pF oo 25k vt 3us 0.5M
LF351 . 24pF | e 10k v~ dus : 0.5M
LM741 0 oo 10k VT : 40 us 200 kHz
MSB LS8 ' ‘
A1 A2 A3 A4 A5 A6 A7 A8 A9 A1D
?4 ?5 6 |7 |8 |9 Jio 11’?12?13 9 EFEEDBACK
14 16 ._T_cf
15V O—f . g
. 11 lout!
DAC1020
15
VREF O Vour
loyt2} .. .
(SINGLE POINT GND) == 5
R
A1 A2 A3 A10
\ ==V —t— ot — L ——
ouT=: REF( 2 + 7 et 1024)

—10V < VREr <10V .

1023
0<VouT< — 7gas VREF

where Apn =1 if the AN digital'input is high
AN =0if the AN digital,input is low

i

FIGURE 3. Basic Connection: Umpolar or 2 Quadrant Multiplylng .
Configuration (Dlgntal Attenuator) '
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DAC1020, DAC1220

Typical Applications (continued)

mSB ' : LsB

- A1-AZ A3 A4°A5 AG A7 AB A9 A10 500
FULLSCALE
4 ls Is |7 |8 Jo fofui]i2fis INCREASE

B B DACI020
15 :
. VREF O—ﬁN&f— —O Vour
. Rpg2500
FULL-SCALE
DECREASE . .
1 AMPLIFIER
ZERD
V™ ADJUST
FIGURE 4: Full-Scale Adjust
ms8

15V ()‘-4—

DAC1020

15
VRer O

FIGURE 5. Alternate Full-Scale lAdiust: (Allows Increasing or Decreasing the Gain)

DIGITALWORD A

r

MsB 158"
Al A2 A3 A3 A5 AG AT A8 A9 ATD

4 6 1
5 7 8 9 jroj1 iz 13 T REEEDBACK

14
15V O—]
" pAc1020

15
Vrer O

DIGITAL WORD B
~ - )
MSB LSB

" "A1 A2 A3 A4 AS AG A7 AB A9 A1D
?4 ?5 ?e ?7 Tn ?9 ?w?n?u?n
R
" . L1 _  Reeepsack
O— —2pF
15V :
‘ 0AC1020
15
VREF
3

A1 A2 A3 A10')
VouT1=-VRer 5+ *5* 150/

v v A1.4+A2+A‘.3+ A0\ (81 B2 ,B3, B10
ouT2 = VREF \2 4. 8 '"l1024 2 4 8 ''T1024
“where VREF can be an ACsignal -

FIGURE 6. Precision Analog-to-Digital Multiplier
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Typical Applications (continued)

M8 . s
Al R2 A3 A4 A5 AG A7 AB A3 A1D

a5 |6 {7 fa s Jiofirfi2§r3
16

COMPLEMENTARY OFFSET BINARY
(BIPOLAR) OPERATION

v o—

= 4
[ — L
1 ouT 2
Dacto20

v = 2
REF \our?
L T
o=
AAA

v - v Al + A2 " + A10 1
out ™ ~YREF| 5~ T 7 1024 1024
where: AN = +1 if Ay input is high
AN = —1if Ay input is low

REEEDBACK DIGITAL INPUT VouT
0 0 g 0 0 0 0 0O O O}+VREF
0 0 0 0 0 0 0 0 0 1| VREFx1022/1024
o 1 1t 1 1 1 1 1 1 1| VREFx2/1024
1 0 0 0 0 0 0 0 06 O0fO0
1 0 0 0 0 0 0 O O 1| -VREFx2/1024
11t ot 1t 1 1 1 1t 1| -VReF (1022/1024)
L v
3 g MATCHED 10k RESISTORS
Note that:

' -  VREF 1023
® lout1*louT2= 0 x(———
LADDER 1024
® By doubling the output range we get half the resolution
® The 10M resistor, adds a 1 LSB “thump’’, to allow full
offset binary operation where the output reaches zero
for the half-scale code. If symmetrical output excursions
are required, omit the 10M resistor.

FIGURE 7. Bipolar 4-Quadrant Multiplying Configuration

Operational Amplifiers Vog Adjust (Figure 7)

a) Switch all the digital inputs high; adjust the VQg
potentiometer of op amp B to bring its outputto a
value equal to —(VREF/1024) (V).

b) Switch the MSB high and ‘the remaining digital
inputs low. Adjust the VQg potentiometer of op
amp A, to bring its output value to within a 1 mV
from ground potential. For VRef < 10V, a finer
adjust is necessary, as already mentioned in the
previous application,

0ACI1020

O Vgge - 3V

Vour (SWING)
* VRer

TRUE OFFSET BINARY OPERATION

DIGITAL INPUT Vout
11 1111 111 VREE x 1022/1024
1.0 0 0 0 0 0 0°0 0 0 '
0000 O0O0TO 0O OTO OO -VREF
ts=18us

use LM336 for a voltage reference

FIGURE 8. Bipolar Configuration with a Single Op Amp

Gain Adjust (Full-Scale Adjust)

Assuming that the external 10k resistors are matched to
better than 0.1%, the gain adjust of the circuit is the
same with the one previously discussed.

DAG1020

R2 Ay~
e RA=(2Ay = 1R, o = — ¥V __
R1 Ay~ =1
-V
R3 +R1IIR2 = R; Ay~ = —~QUTIPEAK) o _ o0k
VREF

e Example: VREF =2V, VouT /swing) = £10V: Ay~ =5V
Then R4 =9R, R1 =0.8 R2. If R1 = 0.2R then R2 = 0.25R,
R3 = 0.64R

" FIGURE 9. Bipolar Configuration with Increased Output Swing

3-23

ﬁ 0221ovda ‘ozoLova




DAC1020, DAC1220

Typical Applications (continued)

' MSB LsB
A1 A2 A3 A4 A5 AG A7 AB A9 A10

L2 % i
sfelr Jafs fofujiefis o gy

DAC1020

Vout = “VREF .
UT™ /a1 Az A3 . A0
2 a8 " oz

where: VREF can be an AC signal
o By connecting the DAC in the feedback loop of an operational amplifier a linear digitally
control gain block can be realized . .
® Note that with all digital inputs low, the gain of the amplifier is infinity, that is, the op amp will
saturate. In other words, we cannot divide the VRgF by zero!

FIGURE 10. Analog-to-Digital Divider (or Digitally Gain Controlled Amplifier)

/ DAC1020

6§
LF351 LOVUUT

A1, v N A0
v v 2 4 024 | v 1023 - N
OUT = VREF | 27— A3 10 ouT = VREF\—F——
— — + +— .
2 4 1024

where:  0< N <1023
N =0 for AN = all zeros
N =1for A10=1,A1—-A9 =0

N =1023 for AN =all 1's

: FIGURE 11. Digitally Controlled Amplifier-Attenuator
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Typical Applications (continued)

0celova ‘ozokova

0.1 ,F
43

15V I-j 15V

L 10k
16 J12 15 =
mMmM74c08 | MC Vgg CE RAQS—4.7kN Vee
5 4 2 L]
18] B ~AM\ ! lo2

&
o
£y

>
>
>

4 16
D 19 5
P 5 1 B I
E A 20 B3 AVAA | — 10
g 0 AB
£ 9 LERE] AN 137
E] L3l PR W — = 20k a7k
] 5 12| .. 12 8 VWA=V
o S ® W 2
=
'l> oM 2 [ Jem AAA 11191 oaci020- a7k
2
A3 10 10 10 =
{>0—\ i L BPW 10 1) = 0.01uF y
. - )
DO—" a2 P LU VYV s
1 28 12
[y sl A Fs
LR o= Ves —
oot = — = =l b—O SINE WAVE 0UT
i =L
. =
100 a o 15V = Y
S B
g » =
E Wiy 3 = SQUARE
= E LM p—O WAVE _r'|_|
on vl 11 I 10 out
1 Vee ',LO‘W 81
———o0fto o mog M 174 2| ol
up_ oW | = g 310 vzmwnacne U5
5|4 :: w = opl—d CLK - M 1/2 LF13333
15V Veo A>B
> . 7 15 NC
L] e L = -0y O
wes fame] 1 7
5lals = 16
I VEE
12 133 . . 1
A<B| A=B 2 NO
. 9 nl | 10 e ——0\
< B v, VPEAK
10 L] REY') 2, a b3 i (] (AMPLITUDE
7 . 7 ). wzmwacs g 4 12 CONTROL)
— 8 K v
ks 2 5 . ps psVee  CLR & 1 n -
A<BE A2 Pmmd 10]a J1a]1 |13 5";: 15V
—15V. I
A>8
| 15 ‘il_-
G‘:“’ 43 B
, CC A=B VW\-¢
= 16 ]6 ' _E.v_ &
5V 01F
ismp ; 0T 15V
L. MM74c00 =
~  cuock
(FREQUENCY
CONTROL)

Output frequency = ——f51|‘2K ;fMAX = 2 kHz
Output voltage range = 0V—10V peak

THD < 0.2%

Excellent amplitude and frequency stability with temperature

Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, filter corner should be reduced)
Any periodic function can be implemented by modifying the contents of the look up table ROM

No start up problems

“"FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM




DAC1020, DAC1220

Typical Applications (continued)

,_
17
@©

J

o O

T

D
CY BRW

UP DWN
L7 j O
Vop A M8
ag OJ

I

1AAA
II—I

<

a

[

MM74C00 — NAND gates
MM74C32 — OR gates
MM74C74 — D flip-flop
MM74C193 — Binary up/
down counters

e Binary up/down counter digitally “ramps’’ the DAC output
e Can stop counting at any desired 10-bit input code

T0 DAC1020
DIGITAL INPUTS

. ® Senses up or down count overflow and automatically reverses direction of count

FIGURE. 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits




Definition Of Terms

Resolution: Resolution is defined as the reciprocal of
the number of discrete steps in the D/A output. It is
directly related to the number of switches or bits within
the D/A. For example, the DAC1020 has 210 or 1024
steps while the DAC1220 has 212 or 4096 steps. There-
fore, the DAC1020 has 10-bit resolution, while the
DAC1220 has 12-bit resolution.

Linearity Error: Linearity error is the maximum devia-
tion from a straight line passing through the endpoints
of the D/A transfer characteristic. It is measured after
calibrating for zero (see V(g adjust in-typical applica-
tions) and full-scale. Linearity error is a design parameter
intrinsic to the device and cannot be externally adjusted.

Power Supply. Sensitivity: Power supply sensitivity is a
measure of the effect of power supply changes on the
D/A full-scale output:

Settling Time: Full-scale settling time requires a zero to
full-scale or full-scale to zero output change. Settling
time is the time required from a code transition until
the D/A output reaches within £1/2 LSB of final output
value. '

Full-Scale Error: Full-scale error is a measure of the
output error between an ideal D/A and the actual device
output. Ideally, for the DAC1020 full-scale is VREF —
1 LSB. For VRgF = 10V and unipolar operation,
VFULL-SCALE = 10.0000V — 9.8 mV = 9.9902V.
Full-scale error is adjustable to zero as shown in Figure 5.

(a) End point test after zero and full-scale adjust.

The DAC has 1 LSB linearity error

+1/2 LSB ERROR BAND
ACTUAL ACTUAL
-
5
2
&
3 ! >11LSB ERROR
b4 1LSB MAX ERROR 5 = ACTUAL
= ° e
F
<
IDEAL RESPONSE IDEAL RESPONSE
e IDEAL
DAC FAILS END POINT TEST
LINEARITY ERROR > 1 LSB
DIGITAL INPUT N N
a b1 b2.

(b) By shifting the full-scale calibration on of the DAC
of Figure (b71) we could pass the ‘'best straight
line” (b2) test and meet the +1/2 LSB linearity

error specification

Note. (a), (b1) and (b2) above illustrate the difference between “‘end point’* National's linearity test (a) and “best straight line”" test.
Note that both devices in (a) and (b2) meet the +1/2 LSB linearity error specification but the end point test is a more “'real life’" way
of characterizing the DAC. '
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DAC1200/DAC1201,
DAC1202/DAC1203

National = _
Semiconductor

DAC1 200/ DAC1 201

Digital-to-Analog Converters.

12-Bit (Binary) Digital-to-Analog Converters

DAC1202/DAC1203

3-Digit (BCD) Dlgltal to-Anang Converters

'

General D_escription‘:v

The DAC1200 series of D/A converters is a family of
precision low-cost converter building blocks intended to
fulfill a wide range of industrial and military D/A
applications. These devices are complete functional
blocks requiring only application of power for operation.
The design combines a precision 12-bit weighted current
source (12 current switches and 12-bit thin-film resistor
network), a rapid-settling operational amplifier, and
10.24V (for binary series) or 10.00V (for BCD series)
buffered reference.

Input coding options include complementary binary apd

complementary BCD formats. In all instances, a logic.

“low"” (< 0.8V) turns a given bit ON, and a logic “‘high"’
(= 2.0V) turns the bit OFF. Output format may be pro-
grammed for bipolar (£10V) or unipolar (0 to 10V)
operation using internally supplied thin-film resistor pin
strap options. Current mode operation is also available
from 0 to 2 mA (for binary) or 0 to 1.25 mA (for BCD).

The entire series is avallable in hermencally sealed 24-
lead DIP. .

Features _ Sy

= Circuit completely self-contained

= Both current and voltage-mode outputs

= Standard power supplies:. 15V and +5V
10.24V for binary
*10.00V for BCD
s 0 to 2 mA, £10V or 0 to 10V output by strapping
internal resistors; other scales by external resistors
= #1/2 LSB (binary) or +1/10 LSD (BCD) linearity

= Fast settling time: 1.5 us in current mode
2.5 us in voltage made

= Internal buffered reference:

= High slew rate: 15 V/us

= TTL and CMOS compatible complementary binary' or
BCD input logic format

= 12 bit linearity
= Standard dual-width DIP package

Block and Connection 'Dia“gram's

REF LSB msB
VREF INPUT comp 112231 2:10 28 z(f 27 26 25 24 23 %2 2(’I Dual-In-Line Package
14 151 Jz2 f3 Ja Is s |7 ?a 95 T Pir Pz ,—-vw—oOFFSET LS8, 2
R25 Rai 212 1 T ANALOG AND DIGITAL GND
80K ._"!EMN__OFEEDBACK 11 2 PR
Rz 18 CURRENT 3 22
L L0k o MODE 210~ o0 18V
Q Q Q 0O Q O QUTPUT 8
2 VREF OUTPUT
+ L 12.81T CURRENT MODE 19 VOLTAGE 28— Eps
Al === SWITCHARRAY —=—-— O MODE [ 19
R LY A2 OUTPUT 21— 75~ VOLTAGE MODE OUTPUT
R13[R12LR11[R10] R9 [RE [ A7 A6 [R5 [ R4 [R3 LAZ [Ri=s Z'g s 7 CUR:E"TM"EDU"UT
£33 3 3 2 9 2 <2 2 < < < 2 OFFSET
- $33323333333z3s -t L
35k 232 <15 Rer com
1 14
= 2-2 2 73~ VREF INPUT
20 2-1 — L FULL SCALE ADJ
05 mss
TOP VIEW
2:41~ zzl z'a! =

FULL SCALE VREF
ADJUST

-15V +15V GND

*R21 =R22 = 16k for DAC1202/1203 (BCD)




Absolute Maximum Ratings

Supply Voltage (V¥ & V™) o +18V
Logic Supply-Voltage (Vc) +10V
Logic Input Voltage =0.7V to +18V
Reference Input Voltage . -0V, +18V
Power Dissipation (see graphs)
Short Circuit Duration (pins 18, 19 & 21) ~ Continuous
Operatiné Temperature Range

DAC1200HD, DAC1201HD, DAC1202HD, DAC1203HD -55°C to +125°C

DAC1200HCD, DAC1201HCD, DAC1202HCD, DAC1203HCD -25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10 sec.) ‘ 300°C

DC Electrical Characteristics DAC1200/1201 Binary D/A (notes 1, 2)

DAC1200/1200C DAC1201/1201C
PARAMETER CONDITIONS - UNITS
N . MIN TYP MAX | MIN TYP MAX
Resolution 12 12 Bits
Linearity Error (Note 3) Ta=25"C +0.0122 +0.0488 % FS
. +0.0244 +0.0976 % FS
Offset Voltage Ta=25°C 1 5 1 10 mV
10 15 mV
Voltage Mode Full-Scale Error (Note 3)|VREF = 10.240V 0.01 0.1 0.02 0.2 % FS
Voltage Mode Full-Scale Error Pin 21 connected to Pin 14, Tp = 25°C 0.1 0.6 0.1 0.7 % FS
Monotonicity (Notes 3, 4) Guaranteed over the temperature range
AV =42V o 0.002 | 0.02 0.002 | 0.02 % FS/V
p -

;’g:fﬁ;'tvbde ower Supply AV- =12V \T/A zi 1c0 220V 0.002 | 0.02 0.002 {002 | %FS/V
v AVeg =1V REF = 10. 0.002 | 0.02 00021002 | %FS/V
Output Voltage Range Ry =5k +10.5 [t12 +10.5 |x12 \
Voltage Nl.ode Qutput Short Circuit Ta= 25°C . 20 50 20 50 mA

Current Limit ’ :
Current Mode Voltage Compliance (Note 6) . +2.5 25 v
Current Mode Output Impedance 15 15 k2
Reference Voltage . OmA < IREF <2mA, Tao=25"C | 10.190| 10.240{ 10.290{ 10.190| 10.240{ 10.290 \Y
Logic 1" Input Voltage (Bit OFF) . 2.0 2.0 \%
Logic “0’" Input Voltage (Bit ON) . 0.8 0.8 \
Logic 1" Input Current (Bit OFF). [V|Ny=2.5V . 1 10 1 10 uA
Logic 0" Input Current (Bit ON) VIN=0V -10 -100 -10 -100 MA
It |vt=150V . 10 15 10 15 mA
Power Supply Current 1= |V~ =-15.0V Ta=25C Lo 25 30 25 -30 mA
lcc |Vcc=5.0V 20 25 20 25 mA
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DC Electrical Characteristics DAC1202/1203 3-Digit BCD D/A (Notes 1,#)

DAC1200/DAC1201,
DAC1202/DAC1203

' DAC1202/1202C DAC1203/1203C :
PARAMETER CONDITIONS UNITS
. MIN TYP | MAX | MIN TYP | MAX .
Resolution . 3 3 R Digits.
Linearity Error (Note 5) Ta=25°C . 0.01 . 0.05 - % FS
. 0.02 . 0.1 % FS
Offset Voltage Ta = 25°C 1 5 ' 1 10 mV
10 15 . omV:
Voltage Mode Full-Scale Error (Note 5)|VRgF = 10.000V | 0.01 0.1 0.02 0.2 % FS
Voltage Mode Full-Scale Error Pin 21 connected to Pin 14, Tp = 25°C - 0.5 0.6 . 07 | . %FS
Monotonicity (Notes 4, 5) ' * Guaranteed over the temperature'range
AVt =12V P 1 0.002 | 0.02 0.002 | 0.02 % FS/V
\S/e’)r:‘f’ﬁe.:/mde Power Supply AV = 42V 5“ - 25 ]CO 000V 0.002 | 0.02 0002 | 0.02 | %Fs/V
siivity Avge=t+1y ¢ REFZIO 0.002 | 0.02 0002 | 0.02 | %FSNV
Voltage Mode Output Voltage Ry = 5k . £105 |+12 £105 |%12 v
Range
VPIFage Mode Output Short Circuit Ta= 25°C 20 50 20 50 mA
Limit
Current Mode Compliance (Note 6) . . |¥25 N 12,5 ’ \
Current Mode Output Impedance 10 - 10 kQ
Reference Voltage 0<IREF <2mA, Ta=25°C 9.950 | 10.000| 10.050{ 9.950 | 10.000| 10.050 V.
Logic 1" Input Voltage (Bit OFF) ) 2.0 Lo 2.0 ) \Y
Logic 0" Input Voltage (Bit ON) . . i 0.8 0.8 \Y%
Logic 1" Input Current (Bit OFF) [V|N =25V 1 10 1 10 HA
Logic “0" Input Current (Bit ON) ViN=0V -10 -100 -10 -100 uA’
It jvt=150Vv 10 15 10 15 mA
quyer Supply Current I~ V™ =-15.0V Ta=25°C 25 30 25 30 mA
Icc |Vec=5.0v 20 25 20 25 mA

AC Electrical Characteristics DAC1200/1201/1202/1203

PARAMETER ~ . CONDITIONS (Ta = 25°C) MIN TYP - MAX | UNITS

Voltage Mode DAC1200/1202, Ve <1.25 mV 1.5 | 3.0 Y ous
+1 LSB Settling Time (Note 6) DAC1201/1203, Ve <5.0 mV 1 3.0 us
Voltage Mode Full-Scale DAC1200/1202, Ve <1.26 mV : 2.5 . 50 us
Change Settling Time (Note 6) DAC1201/1203, V¢ <5.0 mV 2.0 5.0 us
Current Mode . RL = 1kQ, C| < 20pF 15 s
Full-Scale Settling Time 0<AlguT<2mA ’ ‘ e

Voltage Mode Slew Rate -10V < AVQuT <+10V 15 . V/us

Note 1: Unless otherwise noted, these specifications apply for vt=15 .0V, V™ =-15.0V, and V¢ = 5.0V over the temperature range 55°C to
+125°C for the DAC1200HD/1201/1202/1203 and —25°C to +85°C for the DAC1200HCD/1201/1202/1203.
Note 2:  All typical values are for Tp = 25°C. '

Note 3: Unless otherwise noted, this specification applies for VRgg = 10.24V, and over the temperature range —25°C to +85°C. Testing
conditions include adjustment of offset to OV and full-scale to 10.2375V.

Note4: The DAC1200, DAC1202 and DAC1203 are tested for monotonicity by stimulating all bits; the DAC1201 is tested for monotonicity by
stimulating only the 10 MSBs and holding the 2 LSBs at 2.0V (i.e., 2 LSBs are OFF).

Note 5: Unless otherwise noted, this specification applies for VRgfF = 10.000V, and over the temperature range —25°C to +85°C. Testing
conditions include adjustment of offset to OV and full-scale to 9.990V.

Note 6: Not tested — guaranteed by design.
Note7: (AVoyT =10V)




Typical Performance Characteristics

Maximum Power Dissipation

Supply Current vs Temperature

Supply Current vs Temperature

POWER DISSIPATION (W)

25 30 30
| N
2.25 i , oy
2 ) 3a = 80T P— 25
E '\\ 15y H ——
15 E o By E
VT =
125 g P~ t— =
1 < 15 e g 15 15
e N~ 3 ™
05 > e ALY 2 [ 5V
g ] g
05 2 3 e S
0.25 .8 5 T
ALL INPUTS LOGIC LOW ALL INPUTS LOGIC HIGH
0 0 0 1 [
0 25 50 75 100 125 150 55 25 n zs 50 75 100 125 -5 -25 0 25 50 75 100 125
TEMPERATURE ( €) TEMPERATURE (“C)

TEMPERATURE (*C) -

1 LSB Transition

1011...1 ~ 1100...0
Vo =0, 10V

CF = 30pF

Ta=25°C

Applications Information

1. Introduction

The DAC1200 series D/A converters are designed to
minimize adjustments and user-supplied external com-
ponents. For example, included in the package are a
buffered reference, offset nulled output amplifier, and
application resistors as well as the basic 12-bit current
mode D/A.

However, the DAC1200 series is a sophisticated building
block. Its principles of operation and the following
applications information should be read before applying
power to the device.

The user is referred to National Semiconductor Applica-
tion Notes AN-156 and AN-157 for additional informa-
tion.

2. Power Supply Selection & Decoupling

Selection of power supplies is important in applications
requiring 0.01% 'accuracy. The £15V supplies should be
well regulated (+15V + 0.1%) with less than 0.5mVrms
of output noise and hum. -

To realize the full speed capability of the device, all three
power supply leads should be bypassed with 1uF
tantalum electrolytic capacitors in shunt with 0.01uF
ceramic disc capacitors no farther than ' inch from the
device package.

3. Unipolar and Bipolar Operation

The DAC1200 series D/A’s may be configured for either
unipolar or bipolar operation using resistors provided
with the device. Figures 1A and 1B illustrate thf: proper
connection for binary. and BCD unipolar operation.

Bipolar operation is accomplished by offsetting the
output amplifier- A3 as shown in figures 2A and 2B.

10V Full Scale Settling Time

10V Full Scale Pulse Response

/21

10k
R22
07020475mA ¢ @
CURRENT MODE -— 10ks2

DA
Y b@

—oVaur

- R22
"Vour = (IZERO to 'FULLSCALEHR21 TR%

= (OmA to 2.0475mA} (5k{2)
=0V to +10.2375V

*Values shown are for VRgfF = 10.240V.

1 LSB Voltage Step = %ﬂ =25mV.

1 LSB Current Step = %'%%zy

FIGURE 1A. DAC1200/DAC1201 Unipolar Operation

0.5uA

B .
0701 zam-.m-.

@, Lo vour

CURRENT MODE
D/A
A2

- R21. R22, -
"VouT = IZERO to IFULLSCALE (3375 Rz5)

= (0 to 1.24875mA)(8KkS2)
=0V to 9.990V
*Values shown are for ‘\./REF =10.000V.
1 LSD Voltage Step = 1000%0 =10mv

10m

1 LSD Current Step = W =1.25pA

FIGURE 1B. ODAC1 202/DAC1203 Unipolar Operation
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DAC1200/DAC1201,
DAC1202/DAC1203

R22 10kq

0T020475mA ¢

R21
——AA—(D——— vpeg (i 21
®

CURRENT MODE
D/A

A2 ovour

*VoUT = (0 to 2.0475mA)R22 - V;;ZF R21

=(0t02.0475mA)R22 - VREF, R21 = R22
©=-10.240 to + 10.235V
*Values shown are for VREF = 10 240V
1LSB=5mV.

FIGURE 2A. DAC1200/DAC1201 Bipolar Operation

L:PA)
——AA—(D——— Vger (PIN21)

R22 16k

._07T0124875mA4
CURRENT MODE -~
/A

- A2 ovVour

*VOUT = (0mA to 1. 24875mA)(R22) --—~VREF

= -10.000V to +9.80V

*Values shown are for VRgfF = 10.000V.
1 LSD Voltage Step = 20mV.

FIGURE 2B. DAC1202/DAC1203 Bipolar Operation
External resistors may be used to achieve alternate zero
and full-scale voltages. It is advantageous to utilize R21
and R22 even in these applications since they are closely
matched in TCR and temperature to the internal array.
Figure 3 illustrates the recommended circuit for zero to
5V operation. REXT should be of metal film or wire-
wound construction with a TCR of less than 10ppm/°C.

R21

R2210R8
10kse = RexT

Skar |

@G

0T020475mA d

CURRENT MODE

' ‘ ®

——OVour

VFULLSCALE
(R21) 1 (R22) | (R _UELSVALE = 9 5K
1 {R22) | (REXT) = 5048 A

.FIGURE 3. DAC1200 0 to 5.120V Operation

RTOTAL=

4. Offset and Full-Scale Adjust

If higher precision is required in the zero and full-scale,
external adjustments may be made. The circuit of figure
4 illustrates the recomimended circuit to adjust offset and
full-scale of the DAC1200 series. The circuit will work
equally well for unipolar or bipolar operation.

In bipolar operation, the offset is adjusted at minus full-
scale; in the unipolar case at zero scale.

+15V A r—ools\/
1
100k, 10M0 . 10M0 :’m‘:]tn
10 TURN | I T 00ke:
u

-15V - Lo 15y
OFFSET i Ll 13 FULL SCALE

DAC1200

I

FIGURE 4. Offset & Full-Scale Adjust

For the‘values shown in figure 4, R1 will allow a £7mV |
offset adjustment for the unipolar case and £15mV for
the bipolar case. R2 will allow a +50mV adjustment of
full scale. B

5. Current Mode Operation

Access to the summing. junction of A3 affords current
mode operation either with a resistive load or to drive a
fast-settling external operational amplifier. The loop
around A3 should not be closed in current mode opera-
tion. There is a +2.5V maximum compliance voltage at
A2's output {pin 18) which restricts the maximum size

_of the load resistor; i.e., R x IFULLSCALE < 2.5V.

Note: IFULLSCALE = 2 mA for DAC1200/DAC1201
and =~ 1.25 mA for DAC1202/DAC1203.

6. Se,tﬂing Time & Glitch Minirﬁization :

The settling time of the DAC1200 series and the glitch
which occurs between major .input code changes may be
improved by placing a 10 to 30pF capacitor between

‘pins 18 (current-mode output) and 19 (voltage .mode
- output). The capacitor is used to cancel output capaci-

tance of the current mode D/A and stray capacitance at
pin 18.

7. Current Output Boosting

The DAC1200 series may be operated as a “‘power D/A""
by including a current buffer such as the LH0002 or

LHO063 in the loop with A3 as shown in figure - 5.

R21

2210k

—MW—(———————
e O

CURRENT MODE
DA

A2

T0UT< 100mA

FIGURE 5. Current Boosted Output

8. Logic Input Coding

The sense of the logic inputs to the DAC1200 series is
complementary; i.e., a given bit is turned ON by an

‘active “low’’ input. Table | summarizes input status for

the unipolar and bipolar complementary binary and BCD
codes.

Other input codes may also be used. For example, the
twos complement code, which is used extensively in
computer and microprocessor applications, may be con-
verted to the DAC1200 complementary bipolar format by
inverting all bits except the MSB. The inversion may be
accomplished in the microprocessor by software control,
or by hardware using standard hex-inverters.

9. Reference Voltage

External reference voltages may be. used with the
DAC1200 series. Voltages other than 10.240 or 10.000V
in the range of +5.0V to 11V will work satisfactorily.
for voltage mode operation. Full-scale voltage is always
VREF - 1 LSB where 1 LSB = VREF/4096 (binary)
or VREF/1000 (BCD). Full-scale current (for binary)
may be predicted by:

IFULLSCALE = (VREF)(0.19995117)mA




(Note 8) .
CODE TYPE INPUT CODE OUTPUT STATE OUTPUT VOLTAGE OUTPUT CURRENT
MSB - LSB (Note 9)
0000 0000 0000- Fuli-Scale +10.2375V 2.0475mA
Unipolar Complementary Binary 1111 1111 1110 1 LSB ON +2.500mV 0.500 uA
' 1o nm Zero Scale Zero Zero
0000 0000 0000 Full-Scale +10.235V +1.0235mA
o111 1111 1111 Half Full-Scale -0.000V 0.000mA
Bipolar Complementary Binary )
1111 11111110 1 LSB ON -10.235V -1.0235mA
1111 1111 111 Zero Scale -10.240V -1.0240mA
0110 0110 0110 Full-Scale +9.990V 1.24875mA
Unipolar Complementary BCD 1111 1111 1110 1 LSB ON 10.000mV 1.250uA
1111 1111 111 Zero Scale Zero Zero
0110 0110 0110 Full-Scale 9.980V +0.62375mA
1010 1111 1111 Half Full-Scale 0.000V Zero
Bipolar Complementary BCD * . : . -
. 1111 1111 1110 1 LSB ON -9.980V -0.62375mA
1111 1111 1M1 Zero Scale -10.00V . -0.625mA

Note 8:
Note 9:

Definition of Terms

f

Resolution

Resolution is defined as the reciprocal of the number of
discrete steps in the D/A output (as ‘designed). It is
directly related to the number of switches or bits within
the D/A. For example, the DAC1200 has 212 or 4096
steps. Resolution may therefore be expressed variously
‘as 12 bits, as 1 part in 212, as 1 part in 4096, or as a
percentage (1/4096 x 100 = 0.0244%). The DAC1202 has
1000 steps and 3 BCD digits. Resolution may be
expressed as 0.1% or 3 BCD digits.

\

Linearity Error

Linearity error is the maximum deviation from a straight
line passing through the endpoints of the D/A transfer
characteristic. It is measured after calibrating for zero
and full-scale. The linearity error of the DAC1200 series
is guaranteed to be less than £% LSB or 0.0122% of F.S.
for the DAC1200/1200C and +0.0488% of F.S. for the
DAC1201/DAC1201C. Linearity error is a design para-
meter intrinsic to the device and cannot be externally
adjusted.

Offset Voltage

Offse( voltage is an output Voltgage other than zero volts -

for unipolar operation (and other than minus full-scale

for bipolar operation) with all bits turned OFF. In the

DAC1200 series this error resides primarily in the output
amplifier, A3. Offset voltage is adjustable to zero as
discussed in the applications sectuon

Logic input sense is such that an active low (Vin < 0.8V) turns a given bit ON and is represented as a logic ‘0" in the table.
VREF = 10.240V for the DAC1200/1201 and 10.000V for the DAC1202/1203.

Power Supply Sensiti\}ity

Power supply sensitiyity is a measure of the effect of
power supply changes on the D/A full-scale output.

Settling Time

Two settling time parameters are specified for the
DAC1200 series. Full-scale settling time requires a zero to
full-scale’ or full-scale to zero output change. One LSB
settling time requires one LSB output change. In both
instances, settling time'is the time required from a code
transition until the D/A output reaches within % LSB
of final output value.

Monotonicity

Monotonicity is a characteristic of the D/A which re-
quires a non-negative output step for an increasing input
digital code. Monotonicity, therefore, demands no back
steps or changes in sign of the slope of the D/A transfer
characteristic. .

Full-Scale Error

Full-scale error is a méasuré of the output error between
an ideal D/A and the actual device output. Ideally, for
the DAC1200 full-scale is VREF — 1 LSB. For VREF =
10.240V and unipolar operation, VEULLSCALE =
10.240V - 2.5mV = 10.2375V. Departures from this
value include internal gain, scaling, and reference errors.
Full-scale error is adjustable to zero as discussed in the
Applications section. :
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DAC1200/DAC1201,
DAC1202/DAC1203

Typical Application

DIGITAL INPUTS, TTL, CMOS

mMSB| . _ ‘ LS8
2 fnfofo s I le |5 o |2 |2 |
DAC1200, DAC1201, DAC1202, DAC1203
N I B ER R ER ER ER CR EN ER El
AW
K 3
[ gl
Tt
0-1}- +¢
C1 —
3D|1F =
10w ozm & b4 l
.9 +5V - +18V -15V . VQuT
FULLSCALE .
:ggk :ggm"on:ssmmusr
HSV -1V -5V +18V . ¥Cy = C2 = C3 = (14F)I(D.14F)
N 20 Volt Full-Scale Complementary D/A ’
DC Test Circuit
+15,0V VREF
vy,
. ﬂ—'@A. ~O-— ) |
‘ “OFE” Vout DVM
'1[:%!;_!2 IOILIETZ - 1 12 ~ :1112 (MSB) @
FULL SCALE 1 " [
415 10 --A\o—-<
) +15v _re 0 _‘\o__,
N " roma 17 8 —A\S?-—' .
100k S <—AAA 18 OUT ;pa
10T . S6
ZERO ‘ -1 6 S5
. Y 2 ) A ~
5V‘I5V . 0 5 2
+ E 2 4 f—a
- o T : s3
+15V O — 22 I S
=15V O 23 2f—a 3‘0—41 (LSB)V
‘ cal: u Y
’} c3 ON
b
T
) ¢

- \

LH0070 for DAC1202/1203
C1 = CZ C3=4. 7uF (solid tantalum) in parallel with a 0. 01uF ceramic dISC

Ordermg Informat|on

PART NUMBER 25°C OPERATING
' _ PACKAGE LINEARITY TEMPERATURE
BINARY | ' BCD . ERROB RANGE
‘DAC1200HD DAC1202HD Ceramic DIP 0.01% -55°C.to +125°C
DAC1201HD DAC1203HD Ceramic DIP 0.05% -55°C to +125°C
" DAC1200HCD |.DAC1202HCD | Ceramic DIP 0.01% —25°C to +85°C
DAC1201HCD | DAC1203HCD | Ceramic DIP 0.05% | —25°C 10 +85°C

*See NS Package HY24A
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National |
Semiconductor

Digital-to-Analog Converters

DAC1280, DAC1285 12-Bit (Binary)
DAC1286, DAC1287 3-Digit (BCD)

Digital-to-Analog Converters

General Description

The DAC1280 series is a family of precision, low cost,
fully self-contained digital-to-analog converters. The
devices include 12 precision current switches, a 12-bit

thin film resistor network, output amplifier, buffered

internal reference, and several precision resistors, which
allow the user to tailor his system needs to accommodate
a variety of bipolar and unipolar output voltage and
current ranges. Logic inputs are TTL, DTL and CMOS
compatible, and are available in complementary binary
(CBI) and complementary BCD (CCD) coding formats.
In all instances, a logic low (< 0.8V) turns a given bit
ON, and a logic high (> 2V) turns a given bit OFF.
Internally supplied resistor options provide low drift
bipolar output voltage ranges of +2.5V, 5V, =10V,
and unipolar ranges of 0 to 5V or 0 to 10V. Current
mode output is also available 0 to 2 mA (binary models)
and 1.25 mA (BCD models).

The entire series is available in a rugged side-brazed
ceramic 24-lead DIP.

Features

Completely self-contained with no external com-
ponents required

+1/2 LSB linearity

Standard power supplies: £15V, 5V

TTL, DTL, CMOS compatible binary or BCD

+2.5V, 5V, 10V, 0 to 5V, 0 to 10V voltage outputs
Oto2mA,0to 1.25 mA current output

Internal reference .

Fast settling time: 300 ns current mode, 2.5 us
voltage mode

Pin cdmpatible with DAC80 and DACSS series

Full military temperature range operation

Block Diagram

(MSB)
REFERENCE  BIPOLAR !

INPUT OFFSET 2-1 2-2 2-3 2-4 2-5 -6 -7

*¥ 5
16 17 ] 2] 3 af s| s
R23

R25
504k § 6.3

2-8 3-8 2-10 2-11 p-12

CURRENT
MODE 10V 20v
OUTPUT RANGE RANGE
O O O

(LsB)

9 100 1

12 ’ 201 18 19

3
+ ) VOLTAGE
A2 n - ——— - - - - - - MODE
_ ) OUTPUT
R26 . —
50k % =
- R!.:i R129R11 YR109Re YR8 §R7 YR YR5 YRa §R3 YRz YR1
*R21 = 3k for BCD
**Pin 17 is not connected for BCD
} q .
[
R24
5k CR1
6.3V
23 24 014 13 J22 COMMON
GAIN REFERENCE -15V 5V 15V 21
ADJUST auT -

(6.3v)

28210va ‘98¢1ovda
‘6821oVa‘o8eiovda



DAC1280,DAC1285,
DAC1286, DAC1287

Absolute Maximum Ratings

Supply Voltage (V+and V—) - +18v _
Logic Supply Voltage (Vgg) v S
Logic Input Voltage 0.7V, 18V
Reference Input Voltage (VREF) ov, 18V *
Power Dissipation : (See graph) )
Short-Circuit Duration (Pins 15, 20 and 24) Continuous
Operating Temperature Range ' o '
DAC1285HD; DAC1286HD —55°C to +125°C
DAC1285HCD, DAC1286HCD, o °
DAC1280HCD, DAC1287HCD} “25°Cto+85°C
Storage Temperature Range - —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) . 300°C

DC Electrical Characteristics DAC1285H, DAC1285HC, DAC1280HC Binary D/A (Notes 1 and 2)

PARAMETER CONDITIONS DAC1285HD DAC1285HCD - DAC1280HCD UNITS
MIN | TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Resolution 12 12 ' 12 Bits
o TA = 25°C ) +1/2 +1/2 +1 LS8
Linearity Error "
TMIN £ TA <TmAX. (Note 3) £1/2 - £1/2 +2 LSB
Differential Non-Linearity +1/2 +1/2 e LS8
Zero-Scale Error (Offset) = (Notes 4 and 5) £0.05 ’ +0.05 +0.05 % FSR
. . . ppm of
Unipolar, T <TALT +1 +1 +1
Zero-Scale Drift (Offset MINSTAS TMAX . : . : FSR/°C
Drift) - . . . "
ppm o
Bi T <T + + + + +10
‘ ipolar, TMIN < TA <TMAX 3 10 3 15 FSRC
Full-Scale Error (Gain Error) (Note 5) +0.1 +0.1 +0.1 % of FSR
Full-Scale Drift (Gain Drift) TMINSTALSTMAX . +20 +30. +10 : ppm/°C
Using Internally Supplied
Output Voltage Range . su'\g nternally supplie +2.5,45,0,%10, 0 to +5, 0 to +10 \Y
Resistors
Output Voltage Swing RL>5kQ, Pin15 +10 |[£12 10 [£12 10 |#12 \
Output Short-Circuit Current | Pin 15 . +20 +20 ° +20 mA
Output Impedance Pin 15, Closed Loop. 0.05 0.05 0.05 : Q
: ’ Unipolar, Pi : 0to—2 mA
Current Mode Output Range .nlpu ! - in 20 2 i mA
! b Bipolar, Pin 20 . +1.0
Current Mode Compliance i +25 +25 +25 Y
Current Mode Output Unipolar 15 . 15 15 k2
impedance . Bipolar 44 - . 4.4 . 4.4 k2
Reference Voltage —2mA<IRer <2mA c 6.0 6.3 6.6 6.0 6.3 6.6 6.3 A
L H “'1“' tv l 0 . . :
t{glc nput Voltage 20 20 ‘ 20 v
(Bit OFF) N
Logic 0" Input Voltage .
08 | 0.8 0.8 \
(Bit ON) . \ .
Logic ““1” Input Current ViN = 2.5V 1 ’ 10 1 10 1 10 HA
Logic 0" Input Current VIN =0V . -10 | —100 -10 -100 =10 -100 : A
1+ o 10 10 10 . mA
Power Supply Current I— 25 25 25 mA
- Icc . 20 20 20 - mA
P Supply Sensitivi A "| 0.002 ‘ 0.002 0.002 % of
ower Supply Sensitivity . . ) . . FSR/%V
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DC Electrical Characteristics DAC1286H, DAC1286HC, DAC1287HC BCD D/A (Notes 1 and 2)

DAC1286HD DAC1286HCD DAC1287HCD
AMETER CONDITIONS UNITS
PAR : MIN TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX
Resolution 3 3 3 Digits
o Ta=25C £1/2 *1/2 +1 LSB
Linearity Error
TmIN < Ta < Tmax. (Nate 3) +1/2 £1/2 % LSB
Differential Non-Linearity *1/2 +1/2 +1/2 LSB
Zero-Scale Error (Offset Error) | (Notes 4 and 5) +0.05 £0.05 10.05 % FSR
. . . ppm of
Zero-Scale Drift (Offset Drift) | Unipolar, TMIN < TA < TMAX 1 +1 +1
FSR/°C
Full-Scale Error (Gain Error) (Note 5) 0.1 £0.1 +0.1 % of FSR
Full-Scale Drift (Gain Drift) TMIN < TAa <TmAX +20 30 10 ppm/°C
! Using Internally Supplied
Output Voltage Range S",,g nternatly supplie O to +10 \
Resistors
Output Voltage Swing RL>5kQ 10 |12 10 | #12 10 [£12 \Y
Output Short-Circuit Current +20 +20 +20 mA
Output Impedance Pin 15, Closed Loop 0.05 0.05 0.05 Q
Current Mode Output Range Unipolar, Pin 20 0to—1.25 mA
Current Mode Compliance +25 +2.5 2.5 \4
Current Mode Qutput
15 15 15 kQ
impedance )
Reference Voltage —-2mA<IREr<2mA 6.0 6.3 6.6 6.0 6.3 6.6 6.3 \
Logic.”1” fnput Voltage
(Bit OFF) 2.0 2.0 2.0 \
Logic 0" Input Voltage '
R X . \%
(Bit ON) 0.8 0.8 0.8
Logic "1 Input Current VN = 2.5V 1 10 1 10 1 10 HA
Logic "0"" Input Current Vin =0V -10 -100 -10 —100 -10 -100 uA
1+ 10 10 10 mA
Power Supply Current |— 25 25 25 mA
lcc 20 20 20 mA
Power Supply Sensitivit 0.002 0.002 0.002 % of
1V . 3 A
PPlY v FSR/%V
Note 1: Unless otherwise specified, these specifications apply for v* =15V, V™ = ~15V and Ve = BV over the entire temperature range -55°C

to +125°C for DAC1285HD and DAC1286HD, and —25°C to +856°C for DAC1285HCD, DAC1280HCD, DAC1286HCD and DAC1287HCD. For
specified operation, the internal reference (pin 24) must be connected to the reference input (pin 16). The specifications are guaranteed after
30 seconds of warm-up after power turn-on.

Note 2: All typical values are for Tp = 25°C.
Note 3: These specifications apply to the limited temperature range Tpqin = —25°C to Tpmax = +85°C for DAC1285HD and DAC1286HD, and
TMIN = 0°C to Tpmax = +70°C for DAC1285HCD, DAC1280HCD, DAC1286HCD and DAC1287HCD. For the entire temperature range, double

the above specifications.

Note 4: FSR means “full-scale range’’ and is 20V for +10V range, 10V for +5V, etc.
Note 5: Externally adjustable to zero.

AC Electrical Characteristics Ta =25°C, (Note 6)

PARAMETER CONDITIONS MiIN TYP MAX UNITS

Voltage Mode 1 LSB Settling Time )
DAC1285, DAC1286 : VE<1TmV 1.5 3.0 s
DAC1280C VEL5mV 1.5 3.0 Hs
Voliage Mode Fuli-Scale Settling Time VE<1TmV 25 5.0 us
Current Mode Full-Scale Settling Time R =100Q 300 ns
Voltage Mode Slew Rate —10V < VouT <HoV 20 Vlus

Note 6: Not tested, guaranteed by design.
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DAC1280,DAC1285,
DAC1286, DAC1287

Connection Diagram-

Dual-In-Line Package

—~1 ’) .
s = W) 12 vpgr OUTPUT
222 23 FULL-SCALE

ADJUST
2—3_3_ .2.15v
203 21 ANALOG AND
DIGITAL GND
255 " 120 CURRENT
: [ wmopE outPuT
265 \ 12 20 Rance
211 1S 10v RANGE
PR [17_BIPOLAR
OFFSET*
2-9-3] 18\ per inPUT
=103 15 VOLTAGE
MODE OUTPUT
2—11._11 14—_15\,
212 12} 12
(Ls)” ' v
TOP VIEW
*NC in BCD models
Typical Performance Characteristics
M Power Dissi
25
225
E 2 yn = 40°C/W
g8 15
=
g 125
2 1
=}
& 075
g N\
S o5
0.25
A
0

0 25 5 75 100 125 150
TEMPERATURE (°C)

Functional Description

The DAC1280 series is a sophisticated D/A building
block. The user is encouraged to. read the following
applications information before applying power to the
device. Refer to National Semiconductor Application
Notes AN-156 and AN-159 for additional applications
information.

from the device, with 1 uF tantalum electrolytic capa-
citors in parallel with 0.01 uF ceramic disc capacitors.

VOLTAGE MODE OPERATION

The DAC1280, DAC1285 binary and DAC1286,

Selection of power supplies is important in applications
requiring 0:01% accuracy. The +15V supplies should be
well regulated (£15V 0.1% with less than 0.5 mVrms
of output noise and ripple.

To realize full speed capability of the device, all 3 power
supply leads should be bypassed no further than 1/2 inch

DAC1287 BCD D/A's provide internal scaling resistors
which permit a wide range of bipolar and unipolar
output configurations. Bipolar output formats of £2.5V,
45V, 210V and unipolar formats of 0 to 5V and 0 to
10V are possible using resistor strap options included
within the device. Table | and Figures 1—4 summarize the
proper pin connections required for these formats.




Functional Description (continued)

TABLE 1. Output Voltage/Current Ranges for DAC1280 Series

V%l:_:;tge \ DIGITAL INPUT | CONNECT »CONNECT CONNECT | CONNECT
- CODE PIN15TO | PIN16 TO | PIN17TO | PIN 19 TO
RANGE
10V Complementary Offset Binary 19 24 20 15
5V Complementary Offset Binary |- 18 24 20 NC
2.5V Complementary Offset Binary 18 24 20 20
+10V Complementary Binary 18 24 21 NC
+5V Complementary Binary 18 24 21* 20
+1 mA Complementary Offset Binary NC 24 20 NC
-2 mA Complementary Binary NC 24 21* NC
+10V Complementary BCD ' 19 24 NC 15
-1.25 mA Complementary BCD NC 24 NC NC

* ’ .
Optional, no connection necessary

1mA .
—ImA_

: NC
r~={2)-={16)=={17)~ Y €7) S ¢ Wplp—
[] ) [}
] — ]
H 6.3V b4 =
i 6.3k 9
i " 070 R20 R21
H 19995 mA] 5k sk 8
1 N ]
| 12-BIT CURRENT MODE D/A Ad 15 Vour
! +
] _J_ ]
] — 1
1 DAC1280, DAC1285 - H
e o o o n n - - e S P W S W WS s e e S me wmm e e e

VouT = (0 to 1.9995 mA) (R20 + R21) —(6.3V/R23)(R21 + R22)
= {0 to 1.9995 mA) (10k) — (1 mA) (10k)
= —10V to +9.995V ’
1LSB = 20V/4096 = 4.88 mV

FIGURE 1. £+10V Bipolar Operation
r
1
1
|
|
]
] ;
| A3 .
| 12-BIT CURRENT MODE D/A b—OVour
I
1
1

s DAC1280, DAC1285 -

ey o on > - - - - - n - - W - o - o

VouT = (0 to 1.9995 mA) (R20) — (R20/R23)(6.3V)
" = (0to1.9995 mA) (5k) — (5k/6.3k) (6.3V)
—5V to 4.9975V o
10V/4096 = 2.44 mV

FIGURE 2. t5V Bipolar Operation

u

1LSB

u
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DAC1280,DAC1285,
DAC1286, DAC1287

Functional Description (Continued)

“"(OPTIONAL) *
re———1

A !
12-BIT CURRENT MODE D/A -

1 DAC1260, DAC1285
: VOUT“ (0 to 1.2995 mA) (R20)
= (0 to 1.9995 mA) (5k)
} 0 to 9.9976V
“1LSB = 244mV

FIGURE 3. 10V Unipolar Operation

s (1) it (1) st |

r
]

]

H 19 )=

| - 010 | R20 R21

H 124875 mA] sk ok

i ' " o :
| 12.81T CURRENT MODE D/A Ty S (T Vout
[} . +

| L ¥

1 DAC1286, DAC1287 : = - 1
I--——————-—--———-———-—-———-l

v()UT . (0 to 1.24875 mA) (R'zo +R21)
= (0 to 1.24875 mA) (8k)
= .0t09.990V :
1LSB = 10mV

" FIGURE 4. 10V BCD Operation

CURRENT MODE OPERATION e ' ,

Current mode applications which make use of an external applied to all logic inputs. In bipolar mode, the offset

op amp, comparator, or a resistive load are possible with
the DAC1280 series using pin 20. When an external op
amp is used, the internal scaling Tresistors should be
utilized to minimize full-scale drift. Configurations
shown in Table | apply directly., Figure 5 shows one
application using an external fast operational amplifier.
Current mode operation into a resistive load. should
also utilize the internally supplied resistors. A com-
pliance restriction of 2.5V at pin 20 is. requured for
operation in the current output mode.

OFFSET AND FULL-SCALE ADJUST

The DAC1280 series may be offset and full-scale adjusted

using the circuit shown in Figure 6. Offset voltage.

should be adjusted first. A logic *1” (> 2V) should be

is adjusted to equal minus full-scale. In unipolar mode,

- the offset is adjusted to read OV at the output. Full-

scale is then adjusted by applying a logic “'0” (< 0.8V)
to all inputs for binary operation. For BCD, apply

“011001100110 input coding. The range of R1 and R2
. shown in Figure 6 is approxnmately +0.2% of full-scale

for the values shown.

A 30 second ‘““warm-up’’ period should be allowed (after
power turn-on) before making the above adjustments.

LOGIC INPUT CODING

The logic inputs to the DAC1280 series are comple- .
mentary; i.e., a given bit is turned ON by an active

' Jow input. Table |l summarizes input'status for unipolar

and bipolar codes.




Functional Description (continued)
REFERENCE SUPPLY

The DAC1280 series is supplied with an internal 6.3V
reference supply voltage (pin 24). In order to obtain
the specified performance, pin 24 should be connected
to the Reference Voltage Input (pin 16). Since the
reference is buffered by an op amp, the reference may
be used externally at currents up to 5 mA. The reference
output is short-circuit limited to a nominal 20 mA. An
external reference voltage may be used with the DAC1280
series. Voltage values between 5V and 11V will work
satisfactorily. Full-scale current may be predicted by:

IFULL-SCALE= (VREF) (0.317381 mA/V)

LOGIC INPUT COMPATIBILITY

The design of the current mode switches in the DAC1280
series give the device true TTL compatibility. It is TTL
compatible over the entire operating temperature range
and is independent of the reference voltage and VcC.
Furthermore, since the input breakdown ratings are in
excess of 18V, the DAC1280 series may be driven directly
from high (or low) voltage CMOS.

TABLE I
INPUT CODE (Note 7) OUTPUT UNIPOLAR OUTPUT RANGES
CODE TYPE 0-2mA
MSB LSB STATE 0to 10V 0to 5V .
0-1.25 mA
Unipolar 0O 0 o0 0o 0 O 0 o0 0 0 0 Full-Scale 9.9976V '4.9988V -1.9995 mA
Complementary 1 1 1 1 1 1 1 0 1LSBON 0.0024Vv 0.0012v 0.0005 mA
Binary 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale 0.0000Vv -0.0000V 0.0000 mA
Unipolar 0 1 0 o0 1 1 0 0 1 1 0 Full-Scale 9.990V 1.2488 mA
Complementary 1 1 1 1 1 1 1 1 1 1 0 1LSBON 0.010v 0.00125 mA
BCD 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale 0.000Vv 0.0000 mA
INPUT CODE (Note 7) OUTPUT BIPOLAR OUTPUT VOLTAGE RANGES
CODE TYPE ,
MSB LsB STATE +10V 5V +2.5V 1 mA
Bipolar 0O o o O O 0 o O O o o0 O Full-Scale 9.9951V 49976V 2.4988V | —0.9995 mA
Complementary 0 1 1 1 1 1 1 1 1 1 1 1 Half-Scale 0.0000V 0.0000V 0.0000Vv 0.0000 mA
Binary 1 1 1 1 1 1 1 1 1 1 1 0 1LSB ON -9.9951V | —4.9976V | —2.4988V 0.9995 mA
1 1 A 1 1 1 1 1 1 1 1 1 Zero-Scale —10.0000V | -5.0000V | —-2.5000V 1.0000 mA

Note 7: Logic input sense is such that an active low (V| < 0.8V) turns a given bit ON and is represented as a logic 0" in the table.

EXTERNAL
0P AMP

A3
12-BIT CURRENT MODE D/A

DAC1280, DAC1285

f-———-—--—----a

'
[}
]
-

FIGURE 5. +10V Bipolar Operation with External Operational Amplifier
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DAC1280,DAC1285,
DAC1286, DAC1287

Functional Description (Continued)

DIGITAL
INPUTS

L

r N

B EEI LI EC O I O [ Is |+ 5 |2 b

DAC1285, :
DAC1286 :

15V . 15V

l J3 Je s Jie |1z |8 o o |z Ja2 3 |aa
R2 (OFFSET) S ¢

ANA R1 (FULL SCALE)
v -
30M " 10k—-100k, 10T

18
0.01 uF T .
~15v . == ~15v

FIGURE' 6. Full-Scale and Adjustment Circuits

10k-100k, 10T S

Ordering Information

PART NUMBER 25°C TEMPERATURE
BINARY | BCD LINEARITY | PACKAGE RANGE
DAC1285HD | DAC1286HD 0.01% DIP —55°C to +125°C
DAC1285HCD | DAC1286HCD |  0.01% DIP —26°C to +85°C
DAC1280HCD | DAC1287HCD |  0.025% DIP’ —25°C to +85°C

*See NS Package HY24A
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National
Semiconductor

Digital-to-Analog Converters

LM1508/LM1408 8-Bit D/A Converter

general description

The LM1508/LM1408 is an 8-bit monolithic digital-to-
analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only
33 mW with £5V supplies. No reference current (IRgF)
trimming is required for most applications since the full
scale output current is typically £1 LSB of 255 IRgF/
256. Relative accuracies of better than +0.19% assure
8-bit monotonicity and linearity while zero level output
current of less than 4 uA provides 8-bit zero accuracy
for IREF > 2 mA. The power supply currents of the
LM1508/LM1408 are independent of bit codes, and
exhibits essentially constant device characteristics over
the entire supply voltage range.

The LM1508/LM1408 will interface directly with pop-
ular TTL, DTL or CMOS logic levels, and is a direct
replacement for the MC1508/MC1408. For higher speed

applications, see DAC0O800 data sheet. For more infor-
mation, see DACO0808 data sheet.

features

® Relative accuracy: +0.19% maximum
LM1508-8 and LM1408-8

Full scale current match: £1 LSB typ

7 and 6-bit accuracy available

Fast settling time: 150 ns typ

Noninverting digital inputs are TTL and CMOS
compatible

High speed multiplying input slew rate: 8 mA/us
Power supply voltage range: 4.5V to 18V

® Low power consumption: 33 mW @ +5V

error

block and connection diagrams

Dual-In-Line Package

MsB 158 N U
Al A2 A3 AR A6 AB
? ?Z ? ? %3 ? A?7 ? ne (wote 3) - P compensation
2 15 .
- GND —§ VREF(-
m%:gfo—l CURRENT SWITCHES lo 2 L_; REFD
Vee— [ VREF(+)
ITTTTTITT ] 1
1o~ = LM1508-8 Ve
* R2R LADDER Imscmcun GND 5 LM1408 12
MSB Al —— SERIES |— A8 LSB
6 1
v, x 1 A2 —1 p—- A7
REFN O NPN CURRENT O Vvce 7 10
SOURCE PAIR A3— A6
VREF(-)
] REFERENCE O coMPEN Y s
CURRENT AMP }
VJE’E TOP VIEW
. . . i
typical application Vog =5V
13
. 5900/
! MSB A1 O L Y 10.000V = Vgr
nzo—? 15 Bk
A!O—; w— 5.000k
10— =
O s 5ol L
0]
10
12 Vo
Ls8 A8 O— ouTPUT
3
V=10V Al +A2+ A8\
= o 2 4 256
Vgg = ~15V
. FIGURE 1. £10V Output Digital to Analog Converter
ordering information
OPERATING TEMPERATURE ORDER NUMBERS”
ACCURACY RANGE HERMETIC HERMETIC PLASTIC
PACKAGE (D16C) | PACKAGE (J16A) | PACKAGE (N16A)
8-Bit —55°C <Ta <+125°C LM1508D-8 LM1508J-8
8-Bit 0°C < Tp <+75°C LM1408J-8 LM1408N-8
7-Bit 0°C < Tp <+75°C LM14084-7 LM1408N-7
6-Bit 0°C < Ta < +75°C LM1408J-6 LM1408N-6

*Note. Devices may be ordered by using either order number.
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LM1508/LM1408

absolute maximum ratings ' (Ta = 25°C unless otherwise noted)

Power Supply Voltage

Vee "55Vpe
VEE -16.5 Vpc
Digital Input Voltage, V5—V12 -10Vpc to +18 Vpe
Applied Output Voltage, Vo -11Vpc to +18 Vpe
Reference Current, 114 5mA
Vee. VEE

Reference Amplifier Inputs, V14, V15

electrical characteristics

Power Dissipation (Package Limitation)

Cavity Package 1000 mW

Derate above T = 25°C 6.7 mW/°C
Operating Temperature Range

LM1508-8 —55°C < Tp < +125°C .

LM1408-8 Series 0< Tp < +75°C
Storage Temperature Range —65°C to +150°C

(Vce = 5V, VEE = =15 Vpc, VREF/R14 = 2 mA, LM1508-8: TA = —55°C to +125°C; LM1408-8, LM1408-7, LM1408-6,
Ta =0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) .

PARAMETER. CONDITIONS MIN TYP MAX UNITS
Er Relative Accuracy (Error Relative %
to Full Scale 1)
LM1508-8 +0.19 %
LM1408-8 .
LM1408-7, (Note 1) +0.39 %
.LM1408-6, (Note 1) +0.78 %
Settling Time to Within 1/2 LSB - Ta=25°C (Note 2) 150 ns
(Includes tp H)
tPLH. Propagation Delay Time Ta=25°C 30 _ 100 ns
tPHL ) ' '
TClg Output Full Scale Current Drift *20 ppm/°C
MSB Digital Input ngic Levels
ViH High Level, Logic 1" 2 Vpe
ViL Low Level, Logia 0" - 0.8 Vpe
msB Digital Input Current
High Level ViH =5V 0 0.040 mA
Low Level ViL =08V -0.003 -0.8 mA
15 Reference Input Bias Current -1 -5 uA
Output Current Range
VEE = 5V 0 2.0 21 mA
VEE =—15V, Ta = 25°C 0 2.0 4.2 mA
o Output Current VREF = 2.000V, )
R14 = 10002 1.9 1.99 2.1 mA
Output Current, All Bits Low 0 4 uA
Output Voltage Compliance Er<0.19%, TA = 25°C
Pin 1 Grounded, : : —0.55, +0.4 Vpc
VEE Below -10V -5.0, +0.4 Vpc
SRIREF Reference Current Slew Rate 8 mA/us
Output Current Power Supply —5V.< VEg < —16.5V 0.05 2.7 uANV
Sensitivity
Power Supply Current (All Bits
Low) .
Icc 2.3 22 mA
133 -4.3 -13 mA
Power Supply Voltage Range Ta =25°C
Vee ' 45 5.0 5.5 Vbpe
VEE - -45 -15 ‘ ' -16.5 Vpc
P-owef ﬁissipation v
All Bits Low Vee =5V, VEE = -5V 33 170 mwW
: Vee = 5V, VEE = 15V . ’ 108 305 mwW
Al Bits High V@c = 15V, VEE = -5V 90 mw
Vee = 15V, VEE = —-15V 160 mwW

Note 1: All currént switches are tested to guarantee at least 50% of rated current.

Note 2: All bits switched.
Note 3: Range control is not required.

3-44




Section 4

Data Acquisition n
Systems :

WA







National
Semicqnductor

Data Acquisition Systems

ADS1216HC 16-Channel, 12-Bit Data Acquisition

System with Memory

General Description

The ADS1216HC is a complete 16-channel (differential
8-channel) data acquisition system with 12-bit linearity
and resolution. It features on-card memory and micro
or mini-computer TTL bus driving capability. The system
contains a 16-channel or differential 8-channel multi-
plexer; programmable gain amplifier with program
memory loaded by software; sample-and-hold ampiifier;
12-bit analog-to-digital converter, TRI-STATE® TTL
bus drivers; and all timing, control, and interface circuits
necessary for interfacing any micro or mini-computer.
The system operates in a continuous, asynchronous,
sequential scanning mode, updating the self-contained
RAM upon completion of each data conversion. In this
way, latest data for all channels is always resident in
RAM. The system is memory-mapped so it appears to
the computer exactly like main memory. The interface
presents selected channel data to the data bus within
220 ns after data is requested; therefore data is acces-
sible at main memory access speed. The system will
operate with any of the popular computer systems by
" selection of appropriate off-card strap connections.

Features

16 single-ended, 16 quasi-differential, or 8 differential
channels ’

12-bit resolution and linearity

220 ns data access time

16 channels of on-card memory

Memory-mapped interface

On-card precision gain-set network for gains of 1, 2,
2 1/2, 5, 10, 20, 50, 100

Full-scale ranges 0—100 mV to +10V including 1-5V

Gain program memory provides any of 4 selected
gains at any of 16 channels

Internal precision reference divider for calibration at
0.1,1,5, 10V

Internal 10.24V reference

Drives fully loaded TTL data bus
Continuous sequential channel scanning
Supplied with mating card-edge connectors

Operates with all TTL compatible 8-bit or 16-bit
processors,

Functional Block Diagram

ANALOG
INPUT

12-BIT
ADC

GAIN PROG
CONTROL
AND RAM

117799997 9999¢¢°

16X 12

RAM

TRI-STATE*
BUS

DRIVERS

ADDRESS TIMING AND

DECODER CONTROL

ADDRESS CONTROL
BUS BUS

L
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ADS1216HC

ANALOG INPUTS
Data Channels

Full Scale Range

Absolute Maximum, VN
Input Leakage'Currént

Input Bias Current
of S&H Amplifier

"Input:Capacitance

--Preliminary Specifications -

16 single-ended, 16 pseudo-
differential, or 8 differential
+10.24V, 0—-10.24V
+5.12V, 0-5.12V, 1-5.096V
+4.096V, 0—4.096V
+2.048V, 0—2.048V
+1.024V, 0—1.024V

+512 mV, 0-512 mV

+205 mV, 0—205 mV

+102 mV, 0—-102 mV

15V

<10nA @ 25°C

<60 nA —25°C to +85°C
25nA @25°C

75 nA~25°C to +85°C

< 100 pF for ON channel
< 10 pF for OFF channel

Input Channel MUX Switches ON for Power OFF

SIGNAL DYNAMICS
Th‘roughput Rate

S & H Feedthrough

Crosstalk, OFF to ON
Channel

leferentlal Amp CMRR

ACCURACY
Resolution

Quantizing Error
Linearity Error

Full Scale Error*

Zero Scale Error*

8000 ch/sec (scans each of
16 channels every 2 ms)

< --80dB @ 1 kHz

< -80dB @ 1 kHz

>60dB@f 0-1 kHz,
Gain = 1-100

12 bits

+1/2 LSB

< *1/2 LSB 25°C

< #1 LSB -25°C t0 +85°C
<*1/2 LSB 25°C

< *1 LSB —25°C to +85°C
<*1/2 LSB 25°C
<*1LSB -25°C to +85°C

Power Supply Sensitivity* < +1/2 LSB, Vs =14-16V,

~25°C to +85°C

3 Sigma Noise Peak-Peak™ < +1/2 LSB, 0—3 kHz

No Missing Codes™
Amplifier Gain

REFERENCE
Voltage

Reference Divider Ratio

DATA OUTPUT

Standard TTL Levels
TRI-STATE Bus Drivers
10 Standard. TTL Loads

-Bus Structure

* Amplifier gain = 1

1, 2, 2.6, 5 +0.05%; 10,
20, 50 0.1%, 100 +0.25%

10.240+0.015V @ 25°C
10.240 £0.020V —25°C to
+85°C

10.24:10.00, 5.00, 1.00
+0.05%; 0.100 +0.1%

8-bit double byte right-justified
or 16-bit single byte right or
left-justified data.

Coding

Data Access Time

ADDRESS INPUT

Standard TTL Levels

Channel Select

CONTROL BUS

Standard TTL Levels
Logic ‘1" or Logic “0”
True (Strap Select) .
Address Enable Strobe
Memory Select Strobe

Memory Read Strobe
Memory Write Strobe
Memory Ready Signal

NINIT

+15V
5V

PHYSICAL

Dimensions .
Eurocard Version
ADS1216HCE
L Version

* ADS1216HCL

Bus Connector
Eurocard Version
ADS1216HCE
L Version
ADS1216HCL

Analog Connector

Natural binary

Offset binary

2's complement binary

220 ns after address and read
signals

'BAO, 2 low power TTL loads
‘BA1—-BA4, 1 low power TTL

load

. BA5—BA16, high.impedance

with 0.65V hysteresis

4-bit channel select, 12-bit
card select, or 4-bit channel
select, 1-bit byte select, 11-bit
card select

3 standard TTL loads

1 low power Schottky TTL
load

1'low power Schottky TTL
load ‘

1 low-power Schottky TTL
load

Will drive 10 standard TTL

-loads

2 standard TTL loads

POWER REQUIREMENTS

25 mA
600 mA

100 mm W x 160 mm L x
11.2 mm loaded thickness

. 4.375"Wx 6.70" L x 5/16"

loaded thickness

96 pin, 0.100"' ctrs mating
Elco No. 8257-096-648-123
Card-edge 72 pin, 0.100”
ctrs, mating Elco No. 6307-
072-472-001

Card-edge 72 pin, 0.100"" -
ctrs, mating Elco No. 6042-
072-000-002 or Continental
No. 600-121-72XA

v
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Block Diagram
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ADS1216HC

Connection Tables

DIGITAL/BUS CONNECTIONS
Pin listing for Eurocard Version. Mating connector for Eurocard Version is Elco No. 8257-096-648-123.

POSITION ROW A ROW B ROW C POSITION ROW A ROW B ROW C
1 5V 5V 5V 17 BA16 Lo : T16
2 BIN' CODE comp 18 BA16 Lo Ti5
3 VL VL READY 19 BA14 Lo T14
4 BD8 VL BDO 20 BA13 Lo T3
5 BD9 VL BD1 21 BA12 Lo T12
6 BD10 VL ) BD2 22 BA11 Lo T
7 BD11 VL BD3 23 BA2 Lo BA3
8 BD12 VL BD4 24 BA1 Lo BA4
9 BD13 VL BDS 25 BA10 ) T10
10 . . BD14 VL BD6 "26 BA9 Lo T9
1 BD15 VL BD7 27 BAS Lo T8
12 READ VL , TREAD 28 BA7 Lo T7
13 . BAO VL To 29 BA6 ADRS T6
18" WRITE VL TWRITE 30 BA5 NINIT T5
15 MEMSEL D12 TMEM 31 MUX SEL 8CH 16-CH
16 NRY SEL RY RY 32 GND GND GND

DIGITAL/BUS CONNECTIONS .
Pin listing for L Version. Mating connector for L Version is Elco No. 6307-072-472-001.

POSITION POSITION POSITION POSITION
1 5V 19 BD13 37 BA16 55 BA9
2 5V 20 BDS 38 T16 56 T
3 COoMP 21 BD14 39 BA15 57 BA8
4 5V 22 BD6 40 T15 58 T8’
5 BIN 23 BDI5 41 BA14 59 BA7
6 CODE 24  BD7 42 T4 60 T7
7 VL - 25 READ 43 BA13 61 BA6
8 READY 26 TREAD a4 T13 62 T6
9 BD8 27 BAO 45 BA12 63 BAS
10 BDO 28 " TO 46 T12 64 T5
1 BD9 29 . WRITE 47 BA11 65 ADRS
12 BD1 30 TWRITE 48 T 66 INIT
13 BD10 31 MEMSEL 49 BA2 67 8-CH
14 BD2 32 TMEM 50 BA3 68 16-CH
15 ° BDN 33 SEL RY 51 BA1 69 MUX SEL
16 BD3 34 /D12 52 BA4 70 "~ GND
17 BD12' 35 NRY 53° BA10 7 GND
18 BD4 36 RY - 54 T10 72 GND

ANALOG CONNECTIONS

Mating connector for either format is the Elco No. 6042-072-000- 002 or Continental 600 121- 72XA

POSITION POSITION POSITION POSITION )
1 +15V 19 G5 37 MUX 9-16 55 CH 11
2 +15V 20 V10 38 AMP HI 56 COM 11
3 —-15vV 21 G21/2° 39 ANA COM 57 COM 6
4 —-15vV 22 TP3 40 MUX 1-8 58 - CH®6
5 PS COM 23 G2 41 com 8 59 - CH 14
6 PS COM 24 ! TP2 42 CH8 60 COM 14
7 REF.IN 25 G1 43 CH 16 61 COM 5
8 ADCIN 26 . TP1 44 COM 16 62 CH5
9 REF OUT 27 TPO 45 CoM 4 63 CH 13
10 OFFSET 28 AMP OUT .. 46 CH4 64 COM 13
" G100 29 ANA GND 47 CH12 65 Ccom 2
12 S&H OUT 30 S&H IN 48 COM 12 66 CH 2
13 G50 31 A3 49 Ccom 7 67 CH 10
14 © V0.1 32 A4 50 CH7 68 Ccom 10
15 G20 33 Al 51 CH 15 69 com 1
16 Vi 34 A2 52 COM 15 70 CH1
17 G10 35 AMP LO 53 com 3 7 CH9-
18 V5 36 REF 1 54 CH3 72 com 9
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Applications Information
ANALOG INPUTS

Sixteen pairs of input terminals are provided. Those

marked CH 1 to CH 8 are multiplexed by an 8-channel .

multiplexer to MUX 1-8. Those marked CH 9 to CH 16
are multiplexed by another 8-channel multiplexer to
MUX 9-16. Sixteen additional terminals, marked
COM 1 to COM 16 are not multiplexed, but are con-
nected to ANA COM. These are normally connected to
the transducer or signal common lines except when
multiplexing differential signals. The card connections
are flexible enough to permit 16-channel single-ended,
16-channel quasi-differential or 8-channel differential
connections. ’ )

8-Channel Differential Connection

Connect channel 1 signal high and low inputs to CH 1
and CH 9, respectively. Repeat with channels 2—8 high
and low to CH 2—CH 8 and CH 10—CH 16, respectively.
Connect MUX 1-8 to AMP HI and MUX 9-16 to
AMP LO; also connect REF 1 to AMP LO as shown in
Figure 1. The data out will represent the difference in
signal levels as seen by MUX 1-8 and MUX 9-16;
that is, Vo = CH 1—CH 9 and so forth to CH 8—CH 16.
Input signals must be somewhere referenced to ANA
GND to insure that the input signals are within the
+10V common-mode voltage range of the system. To set
the multiplexer logic to the differential mode, it is
necessary to strap MUX SEL to 8-CH.

16-Channel Single-Ended Connection

Connect channel 1 signal high through channel 16 signal
high to CH 1—CH 16, respectively. Connect channel 1
signal low through channel 16 signal low to COM 1—
COM 16 as in Figure 2. Interconnect ANA GND, ANA
COM, AMP LO, and REF 1; interconnect MUX 1-8,
MUX 9-16 and AMP HI. Also strap MUX SEL to
16-CH. '

16-Channel Quasi-Differential Connection

Connect all 16 pairs of signal lines as for 16:channel
single-ended connection. Strap ANA COM, AMP LO,
and REF 4 as in Figure 3, interconnect MUX 1-8,
MUX 9-16 and AMP HI: Do not connect signals to
ANA GND, however, signals must somewhere be refer-
enced to ANA GND. Also strap MUX SEL to 16-CH.

AMPLIFIER
Gain:

The amplifier gain may be set to any of the following
values on a per-channel. basis; 1, 2, 2 1/2, 5, 10, 20,
50, 100. Up to 4 d_ifferent gains may be selected for
use with any of the 16 data channels.. Gain is selected
by strapping the gain select terminals A1—A4, to the
gain set terminals G1-G100. For example, gain 4
is set to 100 in Figure 4 by strapping A4 to G100,
gain 2 is set to unity by strapping A2 to G1, gain 3
is set to 2 by strapping A3 to G2, and gain 1 is set to
2.5 by strapping A1 to G2 1/2. If all channels have
a range of 0—10.2375V, the amplifier need not be used
at all unless desired. In this case, strap AMP LO, AMP
HI and REF 1 to ANA GND; and strap MUX '1-8,
MUX 9-16, and S&H [N, thus bypassing the amplifier
as in Figure 5a.

An alternate connection will provide more precise
gain accuracy when a unity gain, single-ended amplifier
is required. The connection shown in Figure 5b bypasses
the programmable gain amplifier, but retains a precise,
unity gain, FET input, buffer amplifier. With this con-
nection, it may be necessary to readjust the ADC zero.
Do not change the AMP zero control.

An on-card memory must be loaded with the gain
program for each channel from software control in the
computer program. Gain A1 is selected by writing
XXX31g into each desired channel at the selected chan-
nel addresses. Gain A2—A4 are selected by writing
XXX2, XXX1 and XXXO, respectively.

Offset

When analog input signals range from zero upward or
+ from zero, the amplifier should not be offset. Con-
necting REF 1, AMP LO, ANA COM, and ANA GND
provides no-offset. However, when analog input signals
have a fixed minimum value and it is desired to utilize
the entire scale range (e.g., VN = 1-5V), AMP LO can
be offset by connecting to any of the reference voltages
available from the on-card reference divider. These
voltages are 0.1, 1, 5 and 10V; they are available at
terminals V0.1, V1, V5 and V10. AMP LO can be offset
to one value for gains A2—A4, and REF 1 can be offset
to another value for gain A1. Perhaps, most common

usage would be with only gain A1 offset, say to 1V

for full scale range of 1--5V on A1 and zero referenced
signals on the other gain settings. To effect this schedule,
connect AMP LO to-ANA GND and connect REF 1
to V1 as shown in Figures 4, 6 and 7. The AMP LO
terminal is common for gains selected by A2-A4,
while REF 1 is the equivalent AMP LO terminal for
gain A1,

SAMPLE AND HOLD’

The sample and hold circuit may be bypassed by con-
necting the AMP OUT and ADC IN terminals directly,
as in Figure 8. If the sample and hold circuit is to be
used, strap AMP OUT to S&H IN and strap S&H OUT
to ADC IN, as in Figure 7. Since the S&H amplifier
exhibits some offset and a slight gain error, both controls
on the ADC for offset and full-scale may need readjust-
ment if the S&H is bypassed. These 2 controls are

. factory adjusted for use with the S&H amplifier in the

circuit. _
ANALOG-TO-DIGITAL CONVERTER CONNECTIONS

The ADC may be used for either positive unipolar or for
bipolar signals. When bipolar- signals are to be coded,
strap OFFSET to REF IN, strap CODE to COMP and
strap D12 to BD 11, as in Figure 8. This offsets the ADC
range so that —10.240V is zero.scale or F8001g and
10.2375V is full-scale or 07FF4g in a 2's complement
binary code with extended sign bit. If desired to use an
offset binary code on bipolar signals, strap OFFSET to
REF IN, CODE to BIN and D12 to LO, as in Figure 71.

The result will be 00001 for —10.240V input and

OFFF1g for 10.2375V input. To obtain extended sign,
strap D12 to BD 11 instead of LO.
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ADS1216HC

Applications Information (continued)

Channel Selection Logic

"BA4 . BA3 . BA2  BA1 .| 16CH - 8CH
o .. 0 . .0 0 1 1.9
0 "0 0 1 2 2-10
0 0 1 0 3 3-11
0 0 1 1 4 4-12
"0 1 0 0 5 5-13
"0 " 0, 1 6" 6-—14
) 1 1 0’ 7 7-15
0. a0 1 8 8-16
1 0 0 0 9 None .
1 o .o 1| 10 None
1 0 1 0. 11 None
‘ 1 0 1 1 12 None*
1 1.0 0 13 None
' o 1. 0 1 14, None-.
' 1 1 1 0 15 None
1 1 1 1 16 'None
When using unipolar positive. signals, strap OFFSET to ADDRESS DECODING

ADC. IN, strap CODE to BIN, and strap D12 to LO, as in
Figure 12 to obtain 00001 at OV input and OFFF15
at 10.2375V input.

In all cases, the analog signal from the-S&H is applied
to the ADC by strapping S&H OUT to ADC IN.

* REFERENCE

To use the internal reference, strap REF OUT to REF
IN, as in Figures 10 and 12. To use an external 10.24V
reference, connect the external reference positive to
REF IN and negative to ANA GND, as in Figure 10.
To use an external 10.00V reference, connect as for
external 10.24V .reference and also strap REF IN to
V10. When using an external.reference, it.may be neces-
sary to readjust. the full-scale potentiometer which is
factory set for the.internal reference

CHANNEL SELECTION

Channel selection is made by applymg the appropnate
digital code to terminals BA1 through BA4 in the fol-
lowing manner: .

For 16 channel, strap MUX SEL to 16-CH. For 8 chan-
nel drfferentlal strap MUX SEL to 8-CH.

Loadmg an address Iocatton wnth a gain-set data word
(see AMPLIFIER, Gain, -on previous page) will set the
MUX to the addressed channel and initiate a conversion.
The new data will be available: approximately 120 us
later. By repeated (or selective) write gain operations,
a desired . channel may be repeatedly (or selectively)

- commanded to generate new data if desired.

The data acquisition card is memory mapped and data
is accessible by a memory read instruction at normal
memory speeds. The system wilyl' work with either a
16 or an 8-bit data bus; addressing connections are
slightly different for the two.

The BA terminals and the T terminals are compared
to select the appropriate address code. For example, if a
code of 0111 is desired, set the T terminals to code 0111.

The logic signals presented to address lines BAO—BA4
must remain stable during the data read or write access
period.. However, it is possible to latch address lines
BA5—BA16 on-a rising edge at the ADRS line. When no
latching is required, strap ADRS to LO. BN

CONTROL BUS CONNECTIONS

The control bus connections are ADRS, MEMSEL,
READ, WRITE, READY, and NINIT. READY is an
output signal to the processor, and the other 5 are inputs
to tHe‘v data acquisition card. Logic sense select pins are
also available as TMEM, TREAD and TWRITE. The
sense of the READY signal may also be strap selected.
These sense selections allow use of the card with almost
any processor bus

NINIT

An initializing signal from. the processor at time of
power-up or whenever commanded will initialize the
data acquisition card by resetting the .internal .address
counter to channel 1. This must be a negative true signal.
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Applications Information (continued)

FOR STRAP
:EOR'\:VI;‘IiIi.I;. FOR 16-BIT l 8BIT FOR8BIT
DATA DATA DATA
* BUS BUS BUS
To Lo vL BDO to' BD8 -
BAD Lo ADRO .BD1 to BD9
BA1 ADRO ADR1 B8D2 to BD10
BA2 ADR1 ADR2 B8D3 to BD11
BA3 ADR2 ADR3: BD4 to BD12
BA4 . ADR3 ADR4 BDS5 to BD13
BAS ADR4 ADRS BD6 to BD14 .
BAG : ADRS ADRG 8D7 to BD15
BA7 ADR6 ADR7
BAS ADR7 ADRS
BA9 ADR8 ADR9
BA10 ADR9 ADR10 Note. See
BA11 ADR10 ADR11 Figures 13—16
BA12 ADR11 ADR12 for examples
BA13 ADR12 ADR13
BA14 ADR13 ADR14
BA15 ADR14 ADR15
BA16 ADR15 Lo
T6 . L0 or VL Lo
T5-T15 Lo or VL LOor VL

MEMSEL

This input must be true to select the data card; it is
normally connected to a memory select line or a mem-
ory/10 line. For positive true select, strap TMEM to
LO. For zero true select, strap TMEM to VL. If there
is no processor line of similar function, MEMSEL is
strapped to READ and TMEM is strapped to WRITE.
This insures that the on-card clock will be interrupted
for the minimum possible period corresponding to
the actual READ time.

READ

This input must be true to read data from the card;
it is normally connected to a memory read control
line. For positive true read, strap TREAD to VL. For
zero true read, strap TREAD to LO.

WRITE

This input must be true to write a gain program into
the card; it is normally connected to a memory write
control line. For positive true write, strap TWRITE
to LO. For zero true write, strap TWRITE to VL.

READ/WRITE

For use with processors having a single READ/WRITE
control line, strap the READ and WRITE lines together
and connect to the processor read/write line. For READ/
WRITE operation, strap both TREAD and TWRITE to
VL. For READ/WRITE operation, strap both TREAD
and TWRITE to VO. '

ADRS

The ADRS line may be used to latch address data
presented to inputs BAB—BA16. Data is latched on a
rising (trailing) edge and is unlatched on the next falling
edge. There is no latching capability at any other input.
In most applications, the ADRS line is strapped to LO;
and no latching takes place. However, there are some
processors such as the PACE which utilize a single set
of lines for both address and data. In these systems,

an interface latch must be provided to hold the address
data during the data transmission period. Using this
card with a PACE system requires only a single 4-bit
latch to hold address bits applied at BA1—BAA4.

READY

The ready output signal .indicates to the processor
that the data card is ready to accept data in the write
mode or that valid data will be on the bus in the read
mode; it is normally connected to the processor ready or
wait control line. In the read mode, the READY output
will be available by 120 ns after a.read command is
received by the card; data will be on the bus by 220 ns
after the read command. In the write mode, READY
will be available by 850 ns after the write signal is
received. The processor will not have to enter a wait
cycle in the read mode; however, a wait cycle is neces-
sary in the write mode due to internal timing require-

. ments on the data card. To obtain a positive true

READY signal, strap SEL RY to RY. To obtain a zero
true READY signal, strap SEL RY to NRY.

DATA LINES

The data card may be used with either 8 or 16-bit data
busses. For 16-bit busses, all 16 data lines are available.
For 8-bit busses, the lower 8 bits must be paralleled with
the upper 8 bits. Connect BDO to BD8, BD1 to BDS,
and so forth through BD7 to BD15. See under heading
Analog-to-Digital Converter Connections for consid-
eration of bits 12—15. The 12-bit data appears right
justified on a 16-bit data field. For 2's complement
bipolar data, the sign bit is extended to the 4 most
significant bits. For binary data, the 4 most significant
bits are zeros. All data is positive true, By reconnecting
or reassigning data bus terminals, it is possible to con-
nect for left-justified data on a 16-bit data bus. This
is not possible for an 8-bit data bus. In this case, connect

.the CODE terminal to LO to set the 4 unused bits to"

zero, per Figure 10.
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Applications Information (continued)

CH1

H

CH4

CHS

com7

o [}
E Ed
~ =

CHE

eI

aasaa?a?a?s?

MUX 1-8

FIGURE 1. 8-Channel Differential Connection

H

L
Signals must be
somewhere referenced

to analog ground.

v

LUV

Ll

com7

CH1D

CH12
CH13
CH14
cH15

CH16

AMP LO

MUX 9-1

FIGURE 2. 16-Channel
Single-Ended Connection

CH1T

L

E3
o«

DRGRI0BGR0RGA0RTY

CH11

COM 11

cHiz )

COM 12 A

*Sighals must be
MUX SEL somewhere referenced

to analog ground -

FIGURE 3. 16-Channel
Quasi-Differential Connection
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Applicafions Information (continued)

A4 Gain =100
A2 Gain=1
A3 Gain=2

>
w

G2 1/2

=
=)

ﬂiiﬁ??wﬂiiiiﬂ[’]ﬂﬂi

Range = 0~102.375 mV 1 LSB = 25 gV

Range = 0—10.2375V
Range = 0—5.11875V

A1 Gain =2 1/2 Range = 1-5.095V

1LSB=25mV
1LSB=125mV
1LSB=1mV

FIGURE 4. Gain and Offset Connections, An,Example

(See Page 5)

AMP LO

REF 1

AMP OUT

S & HOUT

ANA GND

OFFSET

REF OUT

FIGURE 5a. Amplifier
Completely Bypassed

AL

I00BReeE

MUX 1-8

TP3

S&HoUT -

Ll

ANA GND

OFFSET

REF QUT

Unity-Gain FET Buffer

- FIGURE 5b. Amplifier Bypassed
Except for Single-Ended,Precise

FIGURE 6. 16-Channel Single Ended Con-
nection, One or More Channels Offset 1V as
with VN = 1-5V .
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Applications Information (continued)

>

>

=

Uﬂﬂii?“ﬂ

G21/2

??!ﬁiiiig

U

LU

ANA GND 4

CH14

CH 15

CH 16

AMP OUT

. W

-)

(o) =D
=D [
[ ) [ )
ED [Fer )
T
Fanm ) D
[EraD—
[ana Gno ) ‘,
(e ) e )
[Ferm ) [Ferm )
]

EXT. 10240V -
REF
Ch 13 =0V REF A4 Gain =100 Range=0-102.375mV 1
Ch 14 = 6V REF A2 Gain=1 - Range =0-10.2375V 1
Ch 15 =1V REF A3 Gain=2 -  Range =0-5.11875V 1
Ch 16 = 100 mV REF A1 Gain'=21/2 Range = 1-5.095V 1

FIGURE 8. Sample and Hold Bypassed FIGURE 9. Normal MUX, AMP, S & H and

ADC Interconnections

oI

FIGURE 10. ADC, CODE and Logic Con-
nections for Bipolar Inputs with internal REF;
2's Complement Binary Output Code Data is
Right-Justified, Extended Sign. For Left-
Justified Data, Connect D12 to LO Rather
than to BD11, and Reassign Bits 12—15 as
Bits 0—3. This is applicable Only to 16-Bit
Data Bus Operations.

LSB =25 uV
LSB=25mV
LSB=125mV
LSB=1mV

FIGURE 7..Example of :Analog Connection 'with Multiplexed Reference
Voltages for Calibration Purposes (Consider-Accuracy of Internal REF ' -~ -

If Used) T
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Applications Information (continued)

>
O
w
-
N
-
(o))
I
O

-
T S s
[rorn ) . [ _—om
AR oz
[FErm e AT
[cooe ) SEL RY | [Bas )— ADRG
] 5a7 AT
E: xack = ReADY] . [5a8 )— ADRE
[0 ) DATO 800 | [Bas )= nADRT v
[012— ) ’ _E B08 | [BA16" ) ADRA.
DAT1 BD1] |satt )—7AORE

A12 )—ADRT

FIGURE 11. ADC, CODE and Logic Con- pAT2 I E w57] [ )— moRD

[=]

nections for Bipolar Inputs with External

REF; Offset Binary Output Code Data is 8010} - |BAt4a )= ADRE

Right-Justified, Bits 12—15 are Zeros. For | oA )— AORF
BA16 o

Left-Justified Data on a 16-Bit Data Bus,
Reassign Data Bits 12—15 as Bits 0—3.

B

DAT 4 =@ B804 | Lo §
T | [T
TREAD
e
C_ o3 ITMEM D,
T DATG
>
DAT? 807 16
(ors] =
1 TO LOOR VL AS
APPROPRIATE TO
‘ SELECT MEMORY
mm . I PAGE LOCATION
—
OO [READ ) MEM READ
3 TS WMEMWRITE
FIGURE 12. ADC, CODE and Logic Con- FIGURE 13. Bus and Logic Connections for
nections for Unipolar Inputs with Internal REF; 80/10 System

Binary Output Code Data is Right-Justified,
Bits 12—15 are Zeros. :
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Applications Information (centinued)

NRY

DATO

E]

m
2l |5
S RES

DAT1

DAT 2

DAT3

DAT4

@
o

DATS5

DAT6

DAT7

BD1

iadass

W

>
4

>
w

>
~

b4
Y
>
=

=Sl I< -3 of o] = @
i[]i'i'iiii'>i)i
H HIF8 2
= =
4 Z 2 2 8 % 3 &
3 2 3 )

<
[

BA14

2
=

2
@

A16

2
B

0

T16

T15
| T0 L0 OR VL AS
| APPROPRIATE TO

SELECT MEMORY

1 PAGE LOCATION

MEMSEL VMA

[READ ) RW

WRITE

NINIT T

FIGURE 14. Bus and Logic Connections for

6800 System

SEL RY

£l

EXTEND

o o o
8 8 8 8 B 2 g

o
]
-]
o 3 o m
5 el s g 2 ERERE
o al o afl j=ljo] = @ of =] 1<) 11X <

BD:

o
o

o
-
=

2
~

2
s

o)
[ADRS ) ngADS™
BAO
BAD )
BA1 LATCHED
ADDRESS
BA2 BITS
BA3 J
BAs )
BAS5
A BAG
Al BA7
BAB
LATCHED OR
NON-LATCHED
= BA10

ADDRESS BITS

=
2

BA12
BA13
BA4

A16 BA15 J

5]

=“l<li=l = ™ =} |=] |=] I=] |= ©
Hils 2 HIEIBI1E1E H
z > Bl

=

>

9

ii

RITE d

i--ﬁi?

TO LOORVL AS
APPROPRIATE TO
SELECT MEMORY
PAGE LOCATION

5 pun
MEMSEL
[READ ) BIDS
BODS
NINIT

*To LO when all address bits are latched on the CPU card

FIGURE 15. Bus and Logic Connections for PACE
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Applications Information (continued)

JOH9lZIsav

BA14

BA15

ADRS__ )
BAD
NRY BA1
‘ BA2
a3
MEMRDY ‘ BAY
BDO BAS
B08 BAG
BD1 C__ oo BAT
503 BA BAS
' BD2 C__2] [BAs_ )—osns
] [An___)—sau
803 aAn
[az__)—san
804 BD. [Az)—sa

'

Q)

806 b
| VL )-
BD7 507 [ ED,
C o] iEN
TWRITE )
——
GND T16 -
] 15
RAMSEL
] TOLOOR VL AS
APPROPRIATE T0
| SELECT MEMORY
1 PAGE LOCATION
'
MEMSEL
- [READ ) BRDS
WRITE Bwos
NINIT Nt

FIGURE 16. Bus and Logic Connections for SC/MP CPU with External RAM
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Physical Dimensions inches (millimeters)

100 +0.38mm 4.375 £0.015"
. 3,685 20,015”
‘ 93.6 £0.38mm BOTH ENDS t
10.16 l - ANALOG CONNECTIONS — . - ANALOG CONNECTIONS — 0400
+0.13mm 36 CONTACTS, 2.54mm CTRS, 36 CONTACTS, 0.100” CTRS, BOTH SIDES +0.050
] 7W2.54mm BOTH SIDES = ﬂ n 1 f
1.01 X 8.1mm KEY SLOTS D 0.040 X 0.32" KEY SLOTS
BETWEEN POSITIONS i BETWEEN POSITIONS
381mm 3-5 AND 53-55 036" 3-5 AND 53-55
] ADc ADC 1] ADC  ADC ;
FS. ZERO FS. ZERO
AMP AMP
2ER0 ADJ  ADJ 2RO . ADS  ADJ
ADJ ADJ
119.9mm
160
+0.38mm . - +: J:] .'?"
462" =
COMPONENT SIDE COMPONENT SIDE
—1-043" |
350"
‘ 0.100” DIA
| 3PLACES
2 1 .
() 0.040 X 0.32" KEY SLOTS BETWEEN POSITIONS
DIGITAL CONNECTOR [N 7 14-16 AND 62-64 2
oA T X R AT I 36 CONTACTS, 0.100” CTRS, BOTH SIDES I 0
96 CONTACTS, 3 X 32 PATTERN , 0. , 0.40
"ﬂ ~ DIGITAL CONNECTIONS e +0.050"
! .A. i
‘—‘ l«—1.6mm S ——| |~—0.062"
: A . A
I | | |
I | | |
| | | |
. COMPONENT ! ' componENT componeEnt ! I component
HEIGHT ————= |=———LEAD HEIGHT HEIGHT —=] |=——LEAD HEIGHT
11.5mm MAX 2mm . 0.450” MAX 0.078"

P

. CONNECTOR ROW

7

A

[—12.7mm

Eurocard Version
Order Number ADS1216HCE

. L Version
Order Number ADS1216HCL
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National
Semiconductor
ADB4511 4 1/2-Digit

Digital Panel Meter Controller

General Description

The ADB4511 (DM8703) is a complete controller for a
low-cost 4 1/2-digit dual slope digital panel meter. It is
designed to complement the LF13300 integrating A/D
building block to provide a low cost, minimum parts
count 4 1/2-digit DPM. . The ADB4511 uses 121 tech-
nology. It provides segment current for large digit
7-segment displays which is programmable with a
single resistor. Overrange with valid polarity is indicated
by displaying +EEEE or ~EEEE. Auto zeroing, polar-
ity output and all other required control functions
are provided. The end-of-conversion output may be
tied to the start conversion input enabling continuous
conversion. An on-chip clock oscillator is provided
or an external clock may be used.

Digital Voltmeters

Features

Complete controller for low cost 4 1/2-digit dual
slope DPM

Minimum external parts count

Complements LF13300 analog building block
Drives large LED segments directly

Polarity indication

Overrange indication

Auto zero control

Single 5V supply

On-chip clock oscillator

Note. See LF13300 data sheet for additional information.

Block Diagram

4 1/2-Digit Panel Meter Controller

Y
CAPACITOR 2
s .
8 £ ;
g g 3
Y FEEDBACK 2 - 5 2 g
RESISTOR 2 2 2 g &
e =z = 2 3
% 2 E u
9 S ¢ g 2 =2
4 w 2 & 4 = &
g 4 £ 2 8 £ &
$ £ 8 ¥ ¢ 8 §
£ 253 E &
POLARITY £ E 28 382
- £ 3 &8 £ 2 &8 &
. RESET
r Ja I3 ]2 |
Jeik
FF FF ${ CLOCK : s
5 START A/D
8 1 20000 RU/RR CONVERSION (SAD)
H =2 -10 10 -10 10 —] 4000 OFFSET ) FEEDBACK
F )
& COUNTER COUNTER COUNTER COUNTER —| 2000 0FFsET cORRECTION () gg:"’s -
> >
3 > 1600 FUNCTIONS =0 SaMFRR
| 2010 POLARITY DETERMINATION
sl il )y i
/ A A /
v v A4 v LATCH - 27 _ PROGRAM
IBT 4BIT T -BIT 4T | | ENABLE 26 - RESISTOR
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> - »| 0 -1'5-0'
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MULTIPLEXER !
o >
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>
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ADB4511

Temperature Range”

provides conditions for actual device operatlon
Note 2: Vo supply is connected to RVCC pin on package through a protection resustor, whlch d|ss|pates power external to the package accord-
ing to the graph (Figure 3).
Note 3: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the devuce All typicals are given for Vg = 5V and

Ta=25°C.

Absolute Maximum Ratings (Note 1) Operating Conditions ~
' ‘ MIN = MAX  UNITS
Supply Voltage 5.5V Supply Voltage (Vcg)
Input Voltage 5.5V Veet 4.5 55 \Y
Output Voltage (Digits) ) S.E':V Vcez (Note 2) ) .45 55 v
o T o e o e
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (Notes 3 and 4) S
PARAMETER | CONDITIONS BT v | wmax UNITS
INPUTS (EXCEPT CLOCK) '
VIH Logic 1" Input Voltage Vee = Min . 20 . v
UH Logic 1" Input Current Vee = Max,‘ ViN=2.7V 20 KA
Vce = Max, VN = 5.5V 0.1 mA
Vep Input Clamp Voltage N =-12mA 15 V ) v
ViL Logic "0" Input Voltage Vee = Min 0.8 \2
IR Logic 0"’ Input Current Vee = Max, VN =04V - -0.36 © mA
CLOCK INPUT )
ViHe Logic 1" Input Voltage 1.9 26
ViLe “Logic “0” Input Voltage 1.0 1.6
HWHe Logic 1" Input Current ' 50 . " uA
Vepe Input Clamp \[ollage Vee = Min, iy = -12 mA -1.5 v
QUTPUTS — (EXCEPT SEGMENTS & DIGITS) .
) VOH Logic 1" Output Voltage Vee= Min, IgyT = —400 uA 24 Vv
1oH Logic 1" Output Current " Vee= Min -400 , ) nA
108 Output Short-Circuit Current V(;é = Max, VouT =0V -18 -55 mA
(Note 5)
VoL Logic 0" Qutput Voltage Vdc ='Min, louT =4 mA 0.4 .V
Icc Supply Current s Veet = M:f)é, Pin28 V 90 mA
1cC2-0N Supply Current V2 = Max, All Ségmen;s ON, B 600 "mA
, Pin 26
IcC2-OFF Supply CLlrrent ‘vee= Ma{é, An Segments OFF, 1 mA
: ' Pin 26 (@ Pin 27 = QV) '
SEGMENT OUTPUTS L . )
loL3 Low Level‘ Output Current Vee = Max, VoyT = 1.0V ~100 HA
IOH3 » High Level Output Current Ve = Max, RproG = 7.2k, -50 =75 ‘ mA
) {Note 6)
VOH3 High-Level'Output Voltage Vee = Max, loyTt = =75 mA. 2.7
RVce ) Supply Pin Vee = Min, Iccr = 600 mA, 3.2
, VouT =27V
DIGIT OUTPUTS
VoLa Low Level Output Voltage Vee = Min, IoL = 0 nA 02, v
10H4 High Level Output Current Ve = Min, Von =1V ' 7 mA
CLOCK '
fc Clock Frequency R = 80k to 200k, C = 50 pF to 200 pF 30 300 kHz
fmux Multiplex Frequency 1/320th of Clock Freguency ) 94 940 : Hz
Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating

they are not meant to imply that the devices should be operated at these Ilmlts The table of ““Electrical Characteristics’’

Note 4: All currents into device pins shown as positive, out of device as negatlve all voltages referenced 'to ground unless otherwise noted. All

values shown as max or min on absolute value basis.

Note 5: Only one output at a time should be shorted.
Note 6: The current/segmentspecified is peak current for a 5-digit multiplexed system, which works out to be 15 mA/segment average DC current.
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Functional Description

OPERATION

The ADB4511 is designed for use with the LF13300
dual slope DVM analog front end. Four control signals
are supplied to the LF13300 and one control signal is
required from the LF13300. The conversion cycle is
composed of 5 distinct phases (Figure 4):

Phase | — Polarity Determination

Phase Il — Initialization

Phase 11l — Ramp Unknown

Phase IV — Ramp Reference

Phase V — Offset Correction and Standby

Phase | — Polarity Determination (2,010 Clock Periods)

This phase is initiated by taking the start A/D conversion
(SAD) input to a logic “1’* momentarily (> 1 CP). Itis
used to determine polarity of the analog input. At the
2000th clock period, COMP from the LF13300 is
examined for polarity. If COMP = logic 1", then the
input voltage is positive. If COMP = logic ‘0", then the
input is negative. The polarity determination signal
(PD/RU+) will be at a logic “1"" during this entire phase.
The above operation is also necessary to determine
which{ integrator input (positive or negative) of the
LF 13300 should be used for proper A/D conversion (see
LF13300 data sheet).

Phase Il — Initialization (4000 Clock Periods)
This phase is identical to Phase V and is used by the
LF13300 to eliminate any offsets induced as a result of

the Polarity Detect Phase Offset Correction (OC) will
be at a logic "“1".

Phase 111 — Ramp Unknown (20,000 Clock Periods)

value was determined during Phase |. The output register,

will hold the data until a new conversion is completed
and new data is loaded into the register. ”EEEE” will be
displayed in case of overrange.

Phase V — Offset Correction (2000 Clock Periods)

The LF13300 requires this phase to correct any intrinsic
offset voltage errors prior to the polarity detect phase.
The end of conversion (EOC) goes to logic ““1" after
this cycle and the system goes into the Standby mode.

Offset Correction (OC) output remains at logic ‘1"
after OEC, thus the system is continuously corrected
during the Standby mode.

Clock Generator: The ADB4511 has an on-chip clock
generator whose frequency is adjustable by external
Rosc and Cgsc components. An external clock could
be used with Cogc as the clock input.

Counters:. The ADB4511 has four +10 counters aﬁd one
+2 counter for a count of 20,000 clock pulses. The

. counters advance at the negative-going clock edge.

Decimal Point: The decimal point output is a constant
current source. Decimal pointinputs 1 and 2 are decoded
to drive either of the 4 positions MSD, SSD, ThSD, FSD
(most, second. third and fourth significant digits). The
decimal point inputs are CMOS and TTL compatible.

. Digit Drivers: The digit drive buffers are multiplexed

The unknown input voltage is integrated for a fixed .

time, 20,000 clock periods, during this phase. The result
of the Phase | Polarity Detect Cycle determines whether
PD/RU+ or RU~ will be at logic *“1”. If Phase | indicates
a positive input, the PD/RU+ signal will be a logic “1"".
If Phase | indicates a negative output, Ramp Negative
(RU—) will be a logic ““1". These 2 sngnals will never be
atlogic 1" stmultaneously

Phase IV — Ramp Reference

This phase is a variable length phase depending on the
magnitude of the analog input voltage. During this time,
Ramp Reference (RR) will be in the logic ‘1" state.
When COMP goes to a logic ‘0" state, or when the
internal counter reaches 100% of full-scale (20,000
periods), the Ramp Reference (RR) signal goes to the
logic “‘0"* state and the counter output is loaded into the
output register. The Polarity Bit will reflect whatever

emitter follower outputs. The modulo 5 multiplex
counter is triggered by the positive-going clock edge,
making.the multiplex rate 1/320 of the clock frequency.
One-eighth of each digit ON interval is blanked, to
avoid ghosting.

Segment Outputs: The 7-segment outputs are multi-

-plexed in a similar fashion to the digit outputs. These

outputs are constant current sources, and are program-
mable with one external resistor, Rp, (Figure 2). The
most significant digit (+1) is also decoded to be dlsplayed
with the same 7-segment outputs.

Power Supply: Only one supply is required for the
system. Two supply pins are provided on the chip in
order to make the interface between the digital and

analog chip noise-free and to lower the power dissipation -

on-chip. RVcc is connected to the output segment
source drivers through an external resistor, REX, to
reduce on-chip power dissipation (Figure 3).
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ADB4511

Typical Performance Characteristics

400 .
Veg =5V
R=80

300 -

200

CAPACITOR (pF)

100

0 10k 100k ™
CLOCK FREQUENCY (H2)

FIGURE 1. Capacitor vs
Clock Frequency

Timing Diagram
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" FIGURE 3. Resistance vs Peak
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4 1/2-Digit DVM Application
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ADB4511

Connection and Schematic Diagrams. B
‘ . ual

-In-Line Package

SEGMENT QUTPUTS DIGIT OUTPUTS
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TOP VIEW - DP: DIGIT
L INPUTS  DUTPUTS
. Order Number ADB4511N
. ' . B . See NS Package N28A
'V;ccn
. Segment Outputs
. B . vegr " Veoz
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Decimal Point (DP)
Start A/D.(SAD) i -/
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. Segment Identification . Control Outputs

1] [
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¥
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(FIGURE 3)
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National
Semiconductor

Digital Voltmeters

ADD3501 32 Digit DVM with Multiplexed 7-Segment

Output

general description

The ADD3501 (MM74C935-1) monolithic DVM circuit
is manufactured using standard complementary MOS
(CMOS) technology. A pulse modulation analog-to-
" digital conversion “technique is used and requires no
external precision components. In addition, this tech-
nique allows the use of a reference voltage that is the
same polarity as the input voltage.

One 5V (TTL) power supply is required. Operating with
an isolated supply allows the conversion of positive as
well as negative voltages. The sign of the input voltage
is automatically determined and output on the sign pin.
If the power supply is not isolated, only one polarity of
voltage may be converted.

The conversion rate is'set by an internal oscillator. The

frequency of the oscillator can be set by an external RC'

network or the oscillator can be driven from an external
frequency source. When using the external RC network,
a square wave output is available. It is important to note
that great care has been taken to synchronize digit
multiplexing with the A/D conversion timing to elimi-
nate noise due to power supply transients.

The ADD3501 has been designed to drive 7-segment '

multiplexed LED displays directly with the aid of
external digit buffers and segment resistors. Under
condition of overrange, the overflow output will go high
and the display will read +OFL or ~OFL, depending on
whether the input voltage is positive or negative. In
addition to this, the most significant digit is blanked
when zero.

A start conversion input and a conversion complete
output are included on all 4 versions of this product.

features

= QOperates from single 5V supply

= Converts 0V to +1.999V

»  Multiplexed 7-segment

= Drives segments directly

= No external precision component necessary
= Accuracy specified over temperature

= Medium speed — 200ms/conversion

= Internal clock set with RC network or driven
externally

= QOverrange indicated by +OF L or -OF L display reading
and OFLO output .

® Analog inputs in applications shown can withstand
+200 Volts

applications

s | ow cost digital power supply readouts
= | ow cost digital multimeters

= | ow cost digital panel meters

= Eliminate analog multiplexing by using remote A/D
converters

= Convert analog transducers (temperature, pressure,
displacement, etc.) to digital transducers

connection diagram (Top View)

Dual-In-Line Package

vee —1
ANALOG Voo —
S4 ——

Sc —1

52 —
0FLO —

CONVERSION COMPLETE —
START CONVERSION —
SIGN —] 19

VFILTER — 11

ViNt-) = 12

VING) = 13

Ves— 14

1
2
3
4
S —s
6
7
8
9

ADD3501

28] Se

211 S¢

26— Sq

25— GND

24 |— OIGIT 1 (MSD)
23— DIGIT2
22— DIGIT3
21— DIGIT4(LSD)
20— fout

19— fin

18— VREF

17— SWi

16 f— SW2

15 | ANALOG GND

>
O
O
W
n
o
purd

'Order Number ADD3501CCN
See NS Package N28A
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ADD3501

absolute maximum rating (Note 1)

Voltage at Any Pin -0.3V to Ve + 0.3V
Operating Temperature Range (Tp) -40°C to +85°C
Package Dissipation at Tp = 25°C 800mW
derate at 0 ;o (max) = 125°C/Watt above T = 25°C
Operating Ve Range . " 45V t0 6.0V
Absolute Maximum V¢ 6.5V
Lead Temperature (Soldering, 10 seconds) 300°C
Storage Temperature Range ) -65°C to +150°C

electrical characteristics 4.75v < voc <6.25V, -40°C < T, < +85°C, unless otherwise specified.
ADD3501 : : o C

PARAMETER ‘  CONDITIONS MIN TYP(2), | MAX .| UNITS
Viney  Logical “1" Input Voltage ) ) Vee =15 o ‘ Y
Vinwoy  Logical “0” Input Voltage . o 1.5 . | \%
VouTio) Logical “0” Output Voltage | Io =1.1mA ' 0.4 Y
(All Digital Outputs except o
Digit Outputs) )
Vouri Logical “0" Output Voltage | Io = 0.7 mA ‘ ' 0.4 ‘ v
(Digit Outputs) . .
Vour(y Logical 1" Output Voltage |15 =50mA @ T;= 25°CVgc=5V| .Vee~16 | Ve -1.3 Vv
(All Segment Outputs) lo=30mA@ T;=100°C .| Vee-16] Vge-1.3 \Y%
Vour(y Logical “1” Output Voltage | I =500uA (Digit Outputs) Vee -0.4 )
(All Digital Outputs except lo = 360uA (Conv. Complete, ) '
Segment Outputs) +/-, Oflo Outputs)
Isource Output Source Current Vour =10V - 2.0 : ; mA
(Digit Outputs) .
hingn Logical “1” Input Current Vin =15V ‘A . 1.0 ' uA
(Start Conversion) . S
hinioy l_ogical ‘0" Input Current Vin =0V -1.0 ; o MA
(Start Conversion) : :
lee ] Supply Current ) Segments and Digits Opén 0.5 10 . mA
a Oscillator Frequency : 0.6/RC kHz
fin Clock Frequency 100 640 ~ kHz
fe Conversion Rate = fin/64,512 | . ' conv./sec
fmux Digit Mux Rate fin/256 Hz
tgLank  Inter Digit Blanking Time : 1/132fpux) sec
tsc‘pw Start Conversion Pulse Width ' 200 DC - ns

Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for “‘Operating
Range” they are not meant to imply that the devices should be operated at these limits. The table of ‘‘Electrical Characteristics’’ provides
conditions for actual device operation.

Note 2: All typicals given for Tp = 26°C.
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electrical characteristics ApD3501
tc = 5 conversions/second, 0°C < T, < 70°C, unless otherwise specified.

0.025

Non-Linearity Vin =0-2V Full Scale -0.05 +0.05 % of
V)n =0-200mV Full Scale . full scale
Quantization Error -1 +0-. counts
Offset Error, V,y = 0V -0.5 +1.5 +3 mvV
Rollover Error -0 +0 counts
Analog Input Current Ta=25°C -5 +0.5 +5 nA
block diagram
3%01GIT !
LATCH
A = —Do—» Sa
B gp
1> . )
1 = -—| >O—> Sh
A2 ] o
82 | -—Do——» St
START CONY porrf c2 > )
02— 16:4 Rom
na b mux SEGMENT "'>°—’ S¢
B3 > DECODER,
R ca | __Do__>s,
03 =
g | .
\ DIGITAL TIMING B>l msp D ° > St
FREQIN > AND CONTROL o >
—Do—» Sy
101 D)—-Do—»man 1 (M5D)
1
2 Do—Do—»mcn‘z
FREQ QUT ot -
- 103 D—DH 0IGIT3
10a i
DIGIT BLANK DIGIT 4 (L5D)
COMPARATOR -
TIMING “overrlow f——
+ - — ROM
GND o V55 .i
DIGITAL Y, : OVERFLOW
« CONV COMPLETE
>
100 :: SIGN
< VREF
ANALOG Vg - c o= 4=
VEILTER
swi
N
oo >y H U
= COMPARATOR D sw2
. 1 = ) )
»—E - : _ 1
-VIN -1 : ANALOG GND

VEp

ADD3501 3%-Digit DVM Block Diagram
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ADD3501

theory of operation’

A schematic for the analog loop.is shown in figure 1.

"The output of SW1 is either at Viggg or zero volts,

depending on the state of the D flip-flop. If Q is at a
high level Vot = Vgeg and if Qis at a low level Vot
= QV. This voltage is then applied to.the low pass filter
comprised of R1 and C1. The output of this filter, Vg,
is connected to the negative input of the comparator,
where it is compared to the analog input voltage, V.
The output of the comparator is connected to the D
input of the D flip-flop. Information is then transferred
from the D input fo the Q and Q outputs on the positive
edge of clock. This loop forms an oscillator whose duty
cycle is precisely related to the analog input voltage, V.

An example will demonstrate this relationship. Assume
the input voltage is equal to 0.500V. If the Q output of
the D flip-flop is high -then Voyy will equal Vgeg
(2.000V) and Vgg will charge toward 2V with a time
constant equal to R,Cj. At some time Vg will exceed
0.500V and the comparator output will switch to 0V.
At the next clock rising edge the Q output of the D flip-
flop will switch to ground, causing Vgyt to switch to
OV. At this time Vgg will start discharging toward 0V
with a time constant R,C,. When Vg is less than 0.5V
the comparator output will switch high. On the rising
edge of the next clock the Q output of the D flip-flop
will switch high and the process will repeat. There exists
at the output of SW1 a:square wave pulse train with
positive amplitude Vggp and negative amplitude OV.

The DC value of this pﬁlse train is:

TON

) = Vggg (duty cycle)

Vour = VREF(T T
. on*tTorr . -

schematic diagram

Vi +

COMPARATO!

The lowpass filter will pass the DC value and then:

Veg = VRger (duty cycle)

Since the closed loop system will always force Vg to
equal Vy, we can then say that:

Vin = Ves = Vger(duty cycle)
or
Vin

———— = (duty cycl:Ie)
VRser

The duty cycle is logically ANDed with the input
frequency f,n. The resultant frequency f equals: .

f = (duty cycle) x (clock)

Frequency f is accumulated by counter no. 1 for a time
‘determined by counter no. 2. The count contained in
counter no. 1 is then:

f - (duty cycle) x (clock)

(count) =
o (clock)/N (clock)/N
\%
=N N
VRer

For the ADD35601, N = 2000.

»\  swi RS

D o
=
- VREF
FLOP as|
C Tjtn)\Osw2

o

-,;01 |
VFB'P——¢.

>
:R1|

AAA

L

r—— ' ¢

f
|

Vin = VEg = VRer X (duty cycle)

f = (duty cycle) x fiy

Count in Counter No. 1 = -
fin/N

_ ldutyeycle) xfiy Vg
finN VRer

x N

Figure 1. Analog Loop Schematic
Pulse Modulation A/D Converter
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general information

. The timing diagram, shown in figure 2, gives operation
for the free running mode. Free running operation is
obtained by connecting the Start Conversion input to
logic “1” (Vee). In this mode the analog input is con-
tinuously converted and the display is updated at a rate
equal to 64,512 x 1/f|n. '

The rising edge of the Conversion Complete output
indicates that new information has been transferred
from the internal counter to the display latch. This
information will remain in the display latch until the
next low-to-high transition of the Conversion Complete
output. A logic ‘1" will be maintained on the Conversion
Complete output for a time equal to 64 x 1/f.

Figure 3 gives the operation using the Start Conversion
input. It is important to note that the Start Conversion
input and Conversion Complete output do not influence
the actual analog-to-digital conversion in any way.

timing waveforms

fin .":".

Internally the ADD3501 is always continuously con-
verting the analog voltage present at its inputs. The Start
Conversion input is used to control the transfer of infor-
mation from the internal counter to the display Iatch.’

An RS latch on the Start Conversion input allows a
broad range of .input pulse widths to be used on this
signal. As shown in figure 3, the Conversion Complete
output goes to a logic “0” on the rising edge of the
Start Conversion pulse and goes to a logic ‘1" some time
later when the new conversion is transferred from the
internal counter to the display latch. Since the Start
Conversion pulse can occur at any time during the
conversion cycle, the amount of time from Start Con-
version to Conversion Complete will vary. The maximum
time is 64,512x 1/f;y and the minimum time is
256 x 1/fy.

68,512 x 1/fin ,'
64,000 x 1/fjy ——— | l
CONVERSION CYCLE :
(INTERNAL SIGNAL) |
- 64,256 x 1/f|)
1 l- 84/
CONVERSION
COMPLETE
ONEW CONVERSION
CONVERSION ENDS
STARTS

Figure 2. Conversion Cycle Timing Diag

for Free Running Op
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ADD3501

CONVERSION CYCLE §
(INTERNAL SIGNAL)

re1 .
START CONVERSION® ! I I

P

CONVERSION § =777

COMPLETE = = = == = =

Figuré 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input

applications ,
SYSTEM DESIGN CONSIDERATIONS

Perhaps the most important thing to consider when
designing a system using the ADD3501 is-power supply
noise on the Vgc and ground lines. Because a single
power supply is used and currents in the 300 mA range
are being switched, good circuit layout techniques can-
not be overemphasized. Great care has been exercised
in the design of the ADD3501 to minimize these prob-
lems but poor printed circuit layout can negate these
features. . ‘ ‘ :

Figures 4, 5, and 6 show schematics of DVM systems.
An attempt has been made to show, on these schematics,
the proper distribution for ground and Vce. To help
isolate digital and analog portions of the circuit, the
analog V¢ and ground have been separated from the
digital V¢ and ground. Care must be taken to eliminate
high current from flowing in the analog Ve and ground
wires. The most effective method of accomplishing this
is to use a single ground point and a single V¢ point
where all wires are brought together. In addition to this
the conductors must be of sufficient size to prevent
significant voltage drops.

To prevent switching noise from causing jitter problems,
a voltage regulator with good high frequency response
is necessary. The LM309 and the LM340-5 voltage
regulators both function well and are shown in figures
4, 5, and 6. Adding more filtering than is shown will in
general increase the jitter rather than decrease it. The

most important characteristic of transients on the Ve
line is the duration of the transient and not its amplitude.

Figure 4 shows a DPM system which-converts OV to
1.999V operating from a non-isolated power supply.
In this configuration the sign output could be + (logic
1) or - (logic “0") and it should be ignored. Higher
voltages could be converted by placing a fixed divider
on the input; lower voltages could be converted by

-placing a fixed divider on the feedback, as shown in

figure 6.

Figures 5 and 6 show systems operating with an isolated
supply that will convert positive and negative inputs.
60Hz common mode input becomes a problem in this
configuration and a transformer with an electrostatic
shield between primary and secondary windings is shown.
The necessity for using a shielded transformer depends
on the performance requirements and the actual applica-
tion.

The filter capacitors connected to Vgg (pin 14) and
Vet (pin 11) should be low leakage. In the application
examples shown every 1.0nA of leakage current will
cause 0.1mV error (1.0x 10°A x 100kQ = 0.1mV).
If the leakage current in both capacitors is exactly the
same no error will result since the source impedances
driving them are matched.
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ADD3701

National
Semiconductor

ADD3701 3% Digit DVM with
Multiplexed 7-Segment Output

General Description

The ADD3701 (MM74€936-1) monolithic DVM circuit
is manufactured using standard complementary MOS
(CMOS) technology. A pulse modulation analog-to-digital
conversion technique is used and requires no external
precision components. In addition, this technique allows

the use of a reference voltage that is the same polarity

as the input voltage.

One 5V (TTL) power supply is required. Operating with
an isolated supply allows the conversion of positive as
well as negative voltages. The sign of the input voltage

is automatically determined and output on the sign pin. .
" If the power supply is not isolated, only one polarity of
- voltage may be converted.

The conversion rate. is set by an internal oscillator. The
frequency of the oscillator can be set by an external RC
network or the oscillator can be driven from an external
frequency source. When using the external RC network,
a square wave output is available. It is important to note
that great care has been taken to synchronize digit

multiplexing with the A/D conversion timing to elimi-

nate noise due to power supply transients.

The ADD3701 has been designed to drive 7-segment

-.multiplexed LED. displays directly with the aid of

external digit buffers and segment resistors. Under
condition of overrange, the overflow output will go high
and the display will read +OFL or -OFL, depending on
whether the input voltage is positive or negative. In
addition ta this, the most significant digit is blanked
when zero.

A start' conversion mput and a conversion complete
output are included. -

Digital Voltmeters

Features

‘'® Operates from single 5V supply -

= Converts 0 to +3999 counts

* Multiplexed 7-segment

. Dri\)gs segments directly

® No external precision components necessary
®  Accuracy specified over temperature

® Medijum speed — 400 ms/conversion

® lInternal: clock set with RC network or driven ex-
ternally

. QOverrange indicated by +0FLor -OF L display readnng
-and OFLO output

= Analog inputs in _applications shown can withstand
+200 Volts . .

Applicationé

"= Low cost digital power supply readouts

= Low cost digiial multimeters

" Low cost digital panel meters ‘

L vEIlmmate analog multlplexmg by using remote A/D
converters

s Convert analog transducers (temperature pressure,
displacement, etc.) to digital transducers

= |ndicators and displays requiring readout up to 3999
counts .

Connection Diagram _(Top View)

Dual-In-Line Package

VCC ] 1 28 =S¢’
ANALOG Vg = 2 27 fmm
St 3 26 =5,
Sem=i 4 25 f=—GND
Sp=—{ 5 20 = DIGIT 1 (MSD)
Ss=—16 23— DIGIT 2
OFLO—] 7 22}—DIGIT3
CONVERSION COMPLETE——{g ~ ADD3701 o ke pigiT 4 (LSD)
’ START CONVERSION == g 20p=—1fouT . .
SIGN =1 10 19 p—fiy '
VEILTER == 11 18 f===VREF
G|N(-)— 12 A7 prSW1
Vin(+) =113 16 = SW2 R
Vep=— 14 15 jm ANALOG GND
- Order Number ADD3701CCN

- See NS Package N28A

5-16




Absolute Maximum Ratings

Voltage at Any Pin
Operating Temperature Range (T 4)

(Note 1)

-0.3V to Vg + 0.3V
-40°C to +85°C

Package Dissipation at T = 25°C 800mwW
Operating V¢ Range~ 4.5V to 6.0V
Absolute Maximum V¢ - 8.5V
Lead Temperature (Soldering, 10 seconds) 300°C

Storage Temperature Range

-65°C to +150°C

'Electrical Characteristics app3ror

475V < Ve < 5.25V,-40°C < T

< +85°C, unless otherwise specified.

>
O
O
(&)
q
o
-

Parameter Conditions Min Typ2 Max Units
Vin(y  Logical 1 Input Voltage Vee-1.5 \Y%
Vinw) ~ Logical “0” Input Voltage ) 15 \
Voutie) Logical “0” Output Voltage lo=1.1mA 0.4 v
(All Digital Outputs Except
Digit Outputs) /
VouTt( Logical “0” Output Voltage lo=0.7mA 0.4 Y
(Digit Outputs) .
VouT() Logical “1" Output Voltage lo=50mA@T,=25°CVcc=5V| Vec-1.6 | Vec-1.3 \Y
" (All Segment Outputs) 1o=30mA @ T, =100°C Vee-1.6 | Vec-1.3 %
VouT(1y Logical 1" Output Voltage lo = 500 uA (Digit Outputs) Vee-04 \%
(All Digital Outputs Except lo = 360 uA (Conv. Complete,
Segment Outputs) +/-, OFLO Outputs)
Isource Output Source Current Vour =10V 2.0 mA
(Digit Outputs) }
Lingy Logical 1" Input Current Vin=15V 1.0 uA
(Start Conversion) )
I Logical 0" Input Current Vin=0V -1.0 LA
(Start Conversion) . .
lee Supply Current Segments and Digits Open 0.5 10 mA
Oscillator Frequency 0.6/RC kHz
fin Clock Frequency 100 640 kHz
fc - Conversion Rate fin/129,024 conv./sec
fmux . Digit Mux Rate fin/512 Hz
tsLank  Inter Digit Blanking Time ) 1/(32fpux) seconds
tscpw Start Conversion Pulse Width 200 DC ns
Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. Except for ‘'Operating
Range" they are not meant to imply.that the devices should be operated at these limits. The table of “’Electrical Characteristics’’ provides

conditions for actual device operation.

Note 2: All typicals given for Tp = 25° C.

Note 3: Fuil scale = 4000 counts; therefore 0.025% of full scale = 1 count and 0.05% of full scale 2 counts.
Note 4: For 2.000 Voits full scale, 1 mV = 2 counts.




ADD3701

Electrical Characteristics App37o1

tc = 2.6 conversions/second, 0°C < T, < +70°C, unless otherwise specified.

Parameter Conditions Min Typ® Max Units .
Non-Linearity of Output Vin =0-2V Full Scale -0.05 +0.025 +0.05 % full scale
Reading Vin = 0-200mV Full Scale (Note 3)
Quantization Error . . -1 ' +0 counts
Offset Error, V=0V -0.5 +1.5 +3 mV (Note 4)
Rollover Error i -0 ) +0 counts
Analog Input Current Tp; = 25°C -5 1 +5 nA
(Vin+, Vin-) ) : )

Block Diagram

3%DIGIT

LATCH
Al > ’_'I >0—-> Sa
B> y5p
ct >
D1 =i L—l >°——-> Sb
Az = ¥ "
B2 > L—' >0 5
START CONV e . ] ]
‘ I 16:4 ROM
A3 Mux SEGMENT) _D O—5¢
oy I DECOGER| o
) _Do__> Se
D3 =
Yy .
. O 5¢
——t DIGITAL TIMING B4 [ mso —D
FREQIN AND CONTROL o b
. . _Do_—> S
o ] _D;—Do——-» DIGIT 1 (MSD)
1
. D—Do-—» DIGIT2
FREQ QUT W] . 102 : s
D1 :
DIGIT BLANK 1 DIGIT 4 (LSD)
COMPARATOR -
TIMING OVERFLOW [
+ —— ROM
GND p— vgs Y
DIGITAL Vg OVERFLOW
4 CONV COMPLETE
w SIGN
9 VREF
ANALOG Vg A— ,
VEILTER . 1
QL sw1
WIN D—E + \J \

ad,
H : H COMPARATOR, S D sw2
)—-I : l—( me ‘ 4 I E
“VIN »—LF—E o ANALOG GND

VFg

ol

ADD3701 3%-Digit DVM Block Diagram
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Theory of Operation

A schematic for the analog loop is shown in figure 1.
The output of SW1 is either at Vzgg or zero volts,
depending on the state of the D flip-flop. If Q is at a
high level, Voyt = Vgegr and if Q is at a low level Voyt
= 0V. This voltage is then applied to the low pass filter
comprised of R1 and C1. The output of this filter, Vgg,
is connected to the negative input of the comparator,
where it is compared to the analog input voltage, V.
The output of the comparator is connected to the D
input of the D flip-flop. Information is then transferred
from the D input to the Q and Q outputs on the positive
edge of clock. This loop forms an oscillator whose duty
cycle is precisely related to the analog input voltage, V.

An example will demonstrate this relationship. Assume
the input voltage is equal to 0.500 V. If the Q output of
the D flip-flop is high then Vgt will equal Vggg
(2.000V) and Vgg will charge toward 2V with a time
constant equal to R;C4. At some time Vg will exceed
0.500V and the comparator output will switch to O V.
At the next clock rising edge the Q output of the D flip-
flop will switch to ground, causing Vpoyt to switch to
0V. At this time Vgg will start discharging toward 0V
with a time constant R;C;. When Vgg is less than 0.5V
the comparator output will switch high. On the rising
edge of the next clock the Q output of the D flip-flop
will switch high and the process will repeat. There exists
at the output of SW1 a square wave pulse train with
positive amplitude Vgegr and negative amplitude OV.

The DC value of this puise train is:

Ton

= Vger (duty cycle)

VouT=VREFt .
on t torrF

Schematic Diagram

The lowpass. filter will pass the DC value and then:

Veg = Vger (duty.cycle)

P \ “ il PP t N -
Since the closed loop system will always force Vgg to
equal Vy, we can then say that:

Vin = Vig = Vger (duty cycle)
or- ‘

Y% .
N (duty cycle)

VRer

The duty cycle is logically ANDed with the input
frequency f|y. The resultant frequency f equals: -

f= (duty cycle) x (clock)
Frequency f is accumulated by counter no. 1 for a time

determined b\// counter no. 2. The count contained in
counter no. 1 is then:

f (duty cycle) x (clock)
(count) = =
(clock)/N (clock)/N
\
=N x N
VRer

For the ADD3701 N = 4000.

| o ——

l';

f
COUNTER NO. 1 (+N) [~€—@—RESET

|

Vin = VEg = Vpgeg x (duty cycle)

f = (duty cycle) x 1
Count in Counter No. 1 = —t
fin/N

Figure 1. Analog Loop Sch

(duty cycle) x f \
. ldutyeveel xfiy | Vin

R ITVA VREF

ic Pulse Modulation A/D Converter
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ADD3701

General Information

The timing diagram, shown in figure 2, gives operation
for the free running mode. Free running operation is
obtained by connecting the Start Conversion input to
logic “1”" (Vge). In this mode the analog input is con-
tinuously converted and the display is updated at a rate
equal to 129,024 x 1/fy. '

The rising edge of the Conversion Complete ‘output
indicates that new information has been transferred
from the internal counter to the display latch. This
information will remain in the display latch until the
next low-to-high transition of the Conversion Complete
output. Alogic 1’ will be maintained on the Conversion
Complete output for a time equal to 128 x 1/f;y.

Figure 3 gives the operation using the Start Conversion
input. It is impertant to note that the Start Conversion
input and Conversion Complete output do not influence
the actual analog-to-digital conversion in any way.

’

Timing Waveforms |

fin .".".

Internally the ADD3701 is always continuously con-
verting the analog voltage present at its inputs. The Start
Conversion input is used to control the transfer of
information from the internal counter to the display
latch..

An RS latch on the Start Conversion input allows a
broad range of input pulse widths to be used on this
signal. As shown in figure 3, the Conversion Complete
output ‘goes to a logic ‘0’ .on the rising edge of the
Start Conversion pulse and goes to a logic !'1"' some time
tater when the new conversion is transferred from the
internal counter to the display latch. Since the Start
Conversion pulse can occur at any time during the
conversion cycle, the amount of time from Start Con-
version to Conversion Complete will vary. The maximum
time is 129,024 x 1/f\y and the minimum time is
512 x 1/fjn- ‘ o

129,024 x 1/fiy

128,000 x 1/fjy

CONVERSION CYCLE
(INTERNAL SIGNAL)

CONVERSION

128,512 x 18y

|
LT
> l-—1za/f.m
L

COMPLETE

NEW
CONVERSION
STARTS

CONVERSION
ENDS

Figure 2. Conversion Cycle Timing Diagram for Free Running Operation
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CONVERSION CYCLE
(INTERNAL SIGNAL)

r=1 r=
START CONVERSION! I I 11

CONVERSION §
COMPLETE == ==am=

Figure 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input

Applications
SYSTEM DESIGN CONSIDERATIONS

Perhaps the most imporiant thing to consider when

designing a system using the ADD3701 is power supply '

noise on the Vcc and ground lines. Because a single
power supply is used and currents in the 300mA range
are being switched, good circuit layout techniques
cannot be overemphasized. Great care has been exercised
in the design of the ADD3701 to minimize these prob-
lems but poor printed circuit layout can negate these
features.

Figures 4, 5, and 6 show schematics of DVM syste'ms“

An attempt has been made to show, on these schematics,
the proper distribution for ground and V¢c. To help
isolate digital. and analog portions of the circuit, the
analog V¢e and ground have been separated from the
digital V¢ and ground. Care must be taken to eliminate
high current from flowing in the analog V¢ and ground
wires. The maost effective method of accomplishing this
is to use a single ground point and a single V¢ point
where all wires are brought together. In addition to this
the conductors must be of sufficient size to prevent
significant voltage drops.

To prevent switching noise from causing jitter problems,
a voltage regulator with good high frequency response
is necessary. The LM309 and the LM340-5 voltage
regulators all function well and are shown in figures 4,
5, and 6. Adding more filtering than is shown will in
general increase the jitter rather than decrease it.

The most important characteristic of transients on the
Ve line is the duration of the transient and not its
amplitude.

Figure 4 shows a DPM system which converts 0 to +3.999
counts operating from a non-isolated power supply.
In this configuration the sign output could be + (logic
“1”) or - (logic “0”) and it should be ignored. Higher
voltages could be converted by placing a fixed divider
on the input; lower voltages could be converted by
placing a fixed divider on the feedback, as shown in
figure 5. : .

Figures 5 and 6 show systems operating with an isolated
supply that will convert positive and negative inputs.
60Hz common mode input becomes a problem in this
configuration and a transformer with an electrostatic
shield between primary and secondary windings is shown.
The necessity for using a shielded transformer depends
on’the performance requirements and the actual applica-
tion.

The filter capacitors connected to Vgg (pin 14) and
Vet (pin 11) should be low leakage. In the application
examples shown every 1.0nA of leakage current will
cause 0.1mV error (1.0x10°A x 100k§2 = 0.1 mV).
If the leakage current in both capacitors is exactly the
same no error will result since the source impedances
driving them are matched.

5-21

loLeaav




[4a]

ADD3701

NSB5918 } 43
AA
: W
W
) I I I I I I I I -‘v‘v‘v
. m—— — VWA
AA
. . vy
I I I I I I I I VAVA
AAA
1 T T ' "Y‘V
SV LM309 2V REFERENCE N | T T I
300mA < LM340-5 |
IN914 :;ssn { ;
232
ol 35 DS75492 |
LM336 . .
Sl A A A A Ap—y
dL';" P R2| 1k ‘
01uF - Tee In914 1%
POWER GND D= o —
=4 N -
1
2500F
200 & R3 75k .
r 1 ||5 Jis Y i Jio Y20 Jor 2 fa3 e s | = Izs
1 k (23] @ < = s o I 1< o 2] = -
I 00k 501 } £ g g E H g 4 2 = 2 .2 ©
- z
I O | E
< < .
Poame o ADD3701 /
| I |
OFFSET 2
ADJUST 8 H
= o
SIGNAL < = 08 3, - ]
oo = s 2 2 7 g & € Z < s
s * I g 2 2% RS & - = - = 8 38
0.47
==uF Iu | KE] ||2411 ]m [9 18 7 6 5 4 |3 2 II
[E]
I Lo l
s &) -
100k
AL 10,
. T 10voc
VIN ]
0V T0 D>—o NOTES:
+1.999v : 1. ALL RESISTORS % WATT + 5% UNLESS OTHERWISE
SPECIFIED. LIL SN
2. ALL CAPACITORS +10%. " R1+R2 )

3. LOW LEAKAGE CAPACITOR REQUIRED.

Figure 4. 3%-Digit DPM, +3.999 Count Full Scale




€29

NSB5918 - ) 43
2
YVV~ VAA
AAA
W
- W‘V‘V
o WA
A\AAL AA
vy
W‘V‘
~ AA
T A\AAS
- f Ada]
2V REFERENCE | : - T 1
P4 N
inats | 680 .
<
15VAC a DS75482 1
V336 R1 1 R .
10k “@ & —— 4 CHD 5 : ' ﬁ .x. s 4
R :
_L ;‘0 R2| €1k
voC IN914 - 1%
. \1 —
" 1
250pF
1.5k
20002 2R3 : r
|- 115 16 J17 fis s Jeo far Jaz a3 faa s | o |za
| 2z 2 2 5§ £ & ® & 8B =2 2 * -
| 5 =2 = o ] =
| a
| <
| :;wuk
L ADD3701 ;
[T I S— OFFSET E
ADJUST = H
E .
= = < @ 85 3 2 a |
s £ 2 Z § g8 D ¢ -5 5
= x o8 - F3 <3 m< o © o o a o o
| 097
N ouF 1w [13 |12 11 o g s 17 s 5 4 3 2 1
T8 el .
0.474F
i T
N > >
< <
> >
Stk Qs uCpTY
. - . =T~ 10voc
Vi > — ] © NoOTES:
0V T0 +1.999V : . o 1. ALL RESISTORS % WATT ¢ 6% UNLESS OTHERWISE
Vi) > SPECIFIED. -
2. ALL CAPACITORS *10%.
- 3. LOW LEAKAGE CAPACITOR REQUIRED.
R1Rz2 :
4 <R3+
Ry +R2 32250
Figure 5. 3%-Digit DPM, +3.999 Counts Full Scale

roZeaav




ADD3701

vZ-S

115VAC

1200 NsBse1s
AAA
yyy
330
AA
yvy
2V REFERNCE
<
1Ng14 | Q680
< .
0575482 - “']

=3

= A

GUARD >..._..."

- ADJUST

e
P
<

v+ ;mv '
) <
400V O~ i
‘ <
]
<
i
<
<

900K
g +0.01%

> 30k
>+0.01%

> 10k
>+0.01%

_|
1L
LA
250pF 2
; 7.5k
2000 2R3 S
s _ts ln fs ho fao lor oo o3 fosa los fos v Los
22 2 2 = =g =] =] =] o o = - e
&8 8 ¥ § ® & =2 &2 8 & §
s . - . - = = 3 3
- o w ~ -
ADD3701 -
- z
" o . 8 : £
A . . =]
M < s s 5 g2 8 78 = Z <
I = ¥ 5 2 23 3 % . . . . & 1§
s (N (ER T (O v 18 17 ¢ 5 12 1B 2. '
‘ ! Jl-a;,'ﬁ ' } 1
T
> >
S5 Ssu
> > Lt 10,F
=~ 1oVnc
NOTES: .
- 1. ALL RESISTORS % WATT + 6% UNLESS OTHERWISE .
SPECIFIED. y

V(=) >

2.°ALL CAPACITORS £10%. .

3. LOW LEAKAGE CAPACITOR REQUIRED.
R1Rz

"R1+R2

a, = R325Q.

Figure 6. 3%-Digit DVM, Four Decade, +0.4V, +4V, +40V, and +400V Full Scale




R R L N
‘ Leo
A —— A —— —— DISPLAY
——— ° —— ° —— ° — jACKPLANE
abcdef abcdef abcdef abcdet
ral €D4543 J:——a. 04543 _L—--m £04543 F—m CD4543
= o = o = Lo = Lo
A r A A ] A
‘ ¥ 74086 500k
R
‘VAVAV
t____.iD__ 500k 500k
7 500k
3\ \A4
A B C D
0
| MM74C915 LF
p %1486 lm‘q
) =
>
<
j;zm
P~ 3 2 D1 Dg a b ocd e 5
OFL
\
) Dgn
SIGN ADD3701
>
:;:.m
< 300k
AAA
vy
o= 01 uF DISPLAY 9.938 WHEN OVERFLOWED.

ALL DIGITS CAN ALSO BE BLANKED AT
ggg&gww BY TYING OFL TO BI ON THE
5.

Figure 7. ADD3701 Driving Liquid Crystal Display

loLeaav




LF13300

National | Digital Voltmeters

Semiconductor (o 27

BI-FET Technology

LF13300, Integrating A/D Analog Building Block .

General Description ' Features
) Rugged JFE

The LF13300 is the analog section of a precision inte-
grating analog-to-digital (A/D) system. JFET and bipolar
transistors (BI-FET) are combined on the same chip to
provide' a high input impedance unity gain buffer;
comparator and integrator, along with 9 JFET analog
switches. The LF13300 has sufficient resolution to
construct up to a 4 1/2-digit Digital Panel Meter (DPM)
or a 12-bit (plus sign) Data Acquisition System and is
specifically designed for use with either the ADB4
DPM digital building block or the ADB1200 (MM g
12-bit binary bunldmg block

e bhysically ang electrically
e digital circuits,

e of +11V with £16V supplies

pply voltage range =5V to 18V

MOS compatlble |og|c -

erface dlrectly with mlcroprocessors .

rsatile: can be used as-a 12-bit plus sign binary
A/D, 4 1/2- d!glt 3 3/4 digit and 3 1/2-digit Digital
Panel Meter (DPM)

*See ADB1200 (MM5863) data sheet for, = Low cost

OFFSET CORRECTION
CAPACITORS

BUFFER
4T vg) | our - NPUT out Cocz Coct Coc

jEnce

op AP

lﬁ - |1s lm S R 12 e 1 10 .
. . Dual-In-Line Package
power IV, U 18 anaLoc
SUPPLY GND GND
ol |17 anaLOG
. Rl INPUT
covparator 3 1S vagr v
- out REF
v . L8 surren
.\ out
NEG RAMP 3] 114 op amp
UNKNOWN ' N
POL DET/POS 6] h |13 op ame
RAMP UNKNOWN our
OFFSEY 7] 112
cornecT . - Coc
P Fe
. .o P ‘ P REFERENCE oct
s284 $3 55 54 S5 S6 S7 S8 SO S S4 oA 9 1
oND 0c3
‘1 Iz 3 |4 ls ls - ,|1 Is v Topview
POWER SUPPLY V' OPENCOLLECTOR v NEGATIVE RAMP POLARITY OFFSET RAMP 0IGITAL Order Number LF13300D
GND (PSG) COMPARATOR OUT UNKNOWN (RU-) DET/POS CORRECT  REFERENCE  GND (DG)
(cowe) RAMP UNKNOWN  (0C) RR) See NS Package D18A
TOP VIEW
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National
Semiconductor

Voltage References

LHOO70 Series Precision BCD Buffered Reference
LHOO71 Series Precision Bmary Buffered Reference

General Description

The LH0070 and LHOO071 are precision, three terminal,
voltage references consisting of a temperature compen-
sated zener diode driven by a current regulator and a
buffer amplifier. The devices provide an accurate refer-
ence that is virtually independent of input voltage, load
current, . temperature and time. The LHO0070 has a
10.000V nominal output to provide equal step sizes in
BCD applications. The LH0071 has a 10.240V nominal
output to provide equal step sizes in binary applications.

The output voltage is established by trimming ultra-
stable, low temperature drift, thin film resistors under
actual operating circuit conditions. The devices are short-
circuit proof in both the current sourcing and sinking
directions. ’ .

The LHO070 and LHO0071 series combine excellent
long term stability, ease of application, and low cost,

making them ideal choices as reference voltages in
precision D to A and A to D systems.

Features

® - Accurate output voltage )
LH0070 10V +0.01%
LH0071 10.24V +0.01%

®m Single supply operation 12.5V to 40V

® Low output impedance ° 0.1

®m Excellent line regulation 0.1 mV/V

® | ow zener noise 100 uVp-p

® 3-lead TO-5 (pin compatible with the LM109)

m Short circuit proof Y

L] 3mA

Low standby current

Equivalent Schematic

03
GND
(CASE)

Typical Applications

+15V O—g

I I b

- 2 . .
0.1 uF LHO0070 LHO070 LHO070

OPTIONAL

Statistical Voltage Standard

Connection Diagram

TO-5 Metal Can Package

OUTPUT

) 'BOTTOM VIEW
Order Number LHO0070-0H, LH0071~0H LH0070-1H
. LH0071-1H, LH0070-2H or LHO0712H
See NS Package HO3B

+15V

1

LHooro, |2 v )
oo’ [——————OVour

- 10k, 10T

*Ndte. The output of the LH0070 and LH0071
may be adjusted to a precise voltage by using
the above circuit since the supply current of

"the devices is relatively small and constant

b with temperature and input voltage. For the
’ o circuit shown, supply sensitivities are degraded

o1V slightly to 0.01%/V change in" VOUT for
OUTPUT  changes in Vi and V™.

An additional temperature drift of 0.0001%/

I °C is added due to the variation of supply

= current with temperature of the LH0O070 and

LHO0071. Sensitivity to the value of R1, R2
and R3 is less than 0.001%/%.

*QOutput Voltage Fine Adjustment
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LHO070, LHOO71 Series

Absolute Maximum Ratings

Supply Voltage 40V
Power Dissipation (See Curve) 600 mW
Short Circuit Duration , Continuous'
Output Current +20 mA
Operating Temperature Range . —55°C to +125°C
Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Note 1) .

PARAMETER ClelelONS MIN TYP - MAX UNITS

Output Voltage Ta=25°C l '

LH0070 ) 10.000 \%

LH0071. ' 10.240 v
Output Accuracy Ta=25°C ‘

—0, =1 T £0.03 0.1 %

-2 +0.02 +0.05 %
Output Abcuraéy

-0, —1 +0.3 %

-2 +0.2 %
Output Voltage Change With (Note 2)
Temperature

-0 £02 %

-1 +0.02 + 0.1 %

-2 ] +0.01 +0.04 %
Line Regulation 13V < V|N< 33V, Te = 25°C .

-0, -1 ' 0.02 0.1 %

~2 '0.01 003 %
Input Voltage Range ) 12.5 . : 40 \%
Load Regulation 0mA<IoyT <5mA 0.01 ' 0.03 %
Quiescent Current’ 13V <V )y < 33V, IgUT = 0 mA 2 3 5 mA
Change In Quiescent Current AV|N = 20V From 13V To 33V 0.75 1.5 mA
‘Output Noise Voltage ' BW=0.1 HzTo 10 Hz, Tpa = 25°C 20 uvp-p
Ripple Rejection f=120 Hz 0.01 ) %/yp-p
butpuf Reéieta.nce 0.2 1 Q
Long Term Stab|l|ty Ta = 25°C, (Note 3) ‘

-0, =" o ' +0.2 %/yr.

+0.05 %/yr.

-2

Note 1: Unless otherw:se specnfued these specifications apply for VN = 15.0V, R|_ = 10 k2, and over the temperature range of -55°C< Ta <

+125°C.

Note 2: Thns specnfucauon is the d:fference in output voltage measured at T = 85° Cand Tp = 25°C or Tp = 26°C and Tp = —25°C with réadings
taken after test chamber and device-under- test stabilization at temperature using a suntable precision voltmeter

Note 3: This parameter is guaranteed by-design and not tested. ' '

f
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Typical Performance Characteristics

Quiescent Current vs Input

Maximum Power Dissipation Voltage
700 - . 5 T T
100°C Ta=-55°C
0= — T =150° l— 1A
g s ac= g Taax) 150°e 2 4 Tames
d 200°C T [~ Ta = +125°C
= s N Op= —— £ A A
g \ w = T+
53 5 4 ~ o
T 400 &
s N =
2 0 ™ o
a = 2
] \\ = I
= 200 @a
o w l
2 ER
100 Cl '
0 25 50 75 100 125 150 0 5 10 15 20 25 30 35

AMBIENT TEMPERATURE (°C) INPUT VOLTAGE (V)

Step Load Response

T |
s M s
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<
= L=10pF w
s 2
g [ 1] g
“w L -
g [ ] =
£ s CL=0014F 5
H 0 A L =981 2 a4
> =
s . 3
5 -s00 )
E | DELTA CURRENT =6 mA
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, yiia i aai i
0 1 2 3 4 5 ]
TIME (us)
Noise Voltage

o

10uV
DIV,
5 SEC
DIv.

VERT:

HORIZ:

- £

BW=0.1HzTO 10 Hz

(Continued)

Typical Applications

Normalized Output Voltage
vs Temperature

03

o
N

e

-1

{% DEVIATION)
o

-0.2

NORMALIZED OUTPUT VOLTAGE

-0.3
-50 -25 0 25 50 75 100 125

CASE TEMPERATURE (°C)

Output Short Circuit
Characteristics

13V S Viy < 30V

\
\|
L

\1AN
I\

5 10 15 20 25 30
OUTPUT CURRENT (mA)

1N4004
140150V PEAK
L
>
e S
ws
NOMINAL + .
Wivims  104F —T L] B,
ACLINE 200V —F- ] 1k
3 130V CAL.
30k < -~
aw 0.01 4F 0-1mA METER
0mA =100V ACrms
1/mA =130V ACrms

Expanded Scale AC Voltmeter

6-3

S LZ00H1 ‘0Z00H1

1)
-
1
(7]




LHO070, LHOO71 Series

Typical Applications (continued)

+
1] wooro, |2
LHoOTH
21-32Vpe T
RAW INPUT

1

QUTPUT 1

0-25v

\ OUTPUT2
0-25v

+15V

FROM 2 WIRE TRANSMITTER N _ 40-200 mV
SIMILAR TO A LHOO4S
4-zumh
0.14F INUT 1S40
"o Y = P Vour: 10V FOR20 mA
- 1. 100k OV FORAmA
LHOO70 AAA-
o L 15V
3 <
905k Q
- <
> 249k
10k QE—=AAN-
< 2ER0
N JL 5ok
wl VW »S sean
= >
S -
> -
ﬂ
=

Precision Process Control Interface
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National
Semiconductor

LM103 Reference Diode**

general description

The LM103 is a two-terminal monolithic reference
diode electrically equivalent to a breakdown diode.
The device makes use of the reverse punch-through
of double-diffused transistors, combined with ac-
tive circuitry, to produce a breakdown character-
istic which is ten times sharper than single-junction
zener diodes at low voltages. Breakdown voltages
from 1.8V to 5.6V are available; and, although the
design is optimized for operation between 100 uA
and 1 mA, it is completely specified from 10 pA to
10 mA. Noteworthy features of the device are:

® Exceptionally sharp breakdown
® |ow dynamic impedance from 10 uA to 10 mA

Voltage References

® Performance guaranteed over full military tem-
perature range

® Planar, passivated junctions for stable operation
® Low capacitance.

The LM103, packaged in a hermetically sealed,
modified TO-46 header is useful in a wide range of
circuit applications from level shifting to simple
voltage regulation. It can also be employed with
operational amplifiers in producing breakpoints to
generate nonlinear transfer functions. Finally, its
unique characteristics recommend it as a reference
element in low voltage power supplies with input
voltages down to 4V.

schematic and connection diagrams

+

a1 - a4

s

typical applications

Saturating Servo Preamplifier
with Rate Feedback

b— ouTPUT

**Covered by U.S. Patent Number 3,571,630

Metal Can Package

. Note: Pin 2 connected to case, °
TOP VIEW

Order Number LM103H
See NS Package HO2A

200 mA Positive Regulator

V58V
o]
" © .
. wme @
3 . I 22¢
a3
g W e
RS =
> 510
3
xS @ " Vour =SV |
agse
o
h]znzm
0 > e o
e S M 22,4F
Feialty ¥ 20 . s )
™ 3 “Sohd taotakom
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] ey
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LM103

absolute maximum ratings

Power Dissipation (note 1)
Reverse Current

Forward .Current

Operating Temperature Range
Storage Temperature Range

250 mW

20 mA

100 mA
-55°C to 125°C

-65°C to 150°C

Lead Temperature (soldering, 60 sec) 300°C
electncal characterlstlcs (Note 2) ’
PARAMETER ; CONDITIONS ‘MIN TYP_' ‘MAX- UNIT
ﬁeverse Breakdow}n V'obltage Chanée . ’ a 10yA§ 1g <100 uA ‘ , 60 ;,A 120 mv
: o [ 100pA<in<1mA 15 | 50 | mv
1mA<LIr <10 mA 50 |* 150 |.mV
Reverse Dynamic Impedance (Note 3)' | I = 3mA ‘5[ 25 | @
R In=0.3mA 15 | 60 | @
Reverse Leakage Current ~ Vg =Vz —0.2\; 2 » 5 k .;rA
Forward Voltage Drop lg =10 mA 0.7 0.8 1.0 \"
Peak-to-Peak Broadband Noise Voltage 10 Hz<f< 100 kHz, Ig = 1 mA 300 uv
Reverse Breakdown Voltage Change 10 uA <15 <100 uA ' 200 mV
with Current (Note ‘4? ? 100 A< In < 1 mA 60 | mv
1mA<Ig<10mA ' 200 mV
Breakdown Voltage Temperature
Coefficient (Note 4) 100 uA<Ig < 1 mA -5.0 mv/°C

Note 1: For operating at elevated temperatures, the .device must be derated based on a 150°C maximum juncnon temperature
and a thermal resistance of 80°C/W junction to case or 440° C/W junction to ambient (see curve). :
Note 2: These specifications,apply for Ta = 25°C and 1.8V < V, < 5.6V unless stated otherwise. The dlode should not be
operated with shunt capacitarices between 100 pF and 0. 01 uF, unless isolated by at least-a 300%2 resistor, as it may oscillate at

some currents.

Note 3: Measured wnth the peak to peak change of reverse current equal to 10% of the DC reverse current

Note 4: These spe(:lflcatlons apply for —55 C<TAK +125°C.
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guaranteed reverse characteristics

VOLTAGE CHANGE (V)

03
T 1T
24V <V, <56V —]
0.2 Ta=-55°C —‘
01
%
0 TYPICA
o=
L
R~ P MAXIMU
-02
-0.3
00 01 1.0 10

REVERSE CURRENT (mA)

03
IT T TTIT
24V<V, <56V
02 Ta-25C
B
w 01
g . 4
< +
z T.:ICAL :q_
w =
2
Yy <
2 T MAXIMUM
v
-02
-0.3
on 01 10 10

REVERSE CURRENT (mA)

typical performance characteristics

Reverse Characteristics

1072

FORWARD CURRENT (mA)

T —rr
LM1033.0 I ;
1073 L +
1
2 . ',
% 10 L L
£ NN
-5
3w 7111
w
£ s L) s
> , 4
2
= 107 | 125°C - /
07 | ,
25°C
1078 ‘
0 1 2 3 4
REVERSE VOLTAGE (V)
Forward Characteristics
15 TTIT 1T 1707
24V<V, <56V
s Vi
w10 Ta = -55% ¥
El o
5 =t -
=] S =l
> - Ta = 25
o N pt
2 |ttt 1
E 05 T‘”-goc —
o
2
0
001 01 10 10 100

Reverse Dynamic Impedance

T T
) 24V V556V
g 1x \ a=-55°C
z
ER nern Wi
g \h
2 NN 7. 125
> 0 -
]
1
a0t 01 10 10
REVERSE CURRENT (mA)
Response_ Time‘
2
" INPUT
§ 8
Z s
g quTeul
£ , - -
i 2
0
0 2, 4 6 8 10
' TIME (us)
'BREAKDOWN PART
' VOLTAGE* NUMBER
' 1.8 LM103H-1.8
2.0 LM103H-2.0. -
2.2 LM103H-2.2.
2.4 LM103H-2.4
2.7 LM103H-2.7
3.0 LM103H-3.0
33 LM103H-3.3
3.6 LM103H-3.6
3.9 LM103H-3.9
4.3 LM103H-4.3
4.7 LM103H-4.7
5.1 LM103H-5.1
5.6

LM103H-5.6

-VOLTAGE CHANGE (V)

VOLTAGE DRIFT (V)

POWER DISSIPATION (mW)

0.6

04

102

400

w
=3
=3

~
1=
8

=
8

4"’
-
—TvaAL‘%*

gt
b= | TLLA" Maxivum

01 P L R '/ I 10
REVERSE CURRENT (mA)
Temperature Drift
q\
A,
N
N
\\
-75 -25 28 5 125
TEMPERATURE (°C)
M Power Dissipation
\‘\
% . 50 15 100 125

AMBIENT TEMPERATURE (°C)

*Measured at Ig = 1 mA.
Standard tolerance is +10%.

67

-
=
=
o
w




LM113/LM313.

National
Semiconductor

LM113/LM313 Reference Diode

general descnptuon

The LM1 13/LM313 are temperature compensated
low voltage reference diodes. They feature ex-
tremely-tight  regulation over a wide range “of
operating.currents in addition to an unusually-low
breakdown voltage and good temperature stability.

The diodes are synthesized using transistors and
resistors in a monolithic integrated circuit. As such,
they have the same low noise and long term
stability as modern IC op amps. Further, output
voltage of the reference depends only on highly-

-predictable properties of components in the IC;

so they can be manufactured and supplied to tlght
tolerances. Outstandlng features include:

® Low breakdown voltage: 1.220V

Voltage References

_ @ Dynamic impedance of 0.3 from 500 UA to

20mA

L] Temperature stability typlcally 1% over -55°C
to 125°C range (LM113), 0°C to 70°C (LM313)

m. Tight tolerance: *5% standard, *2% and *1%
on special order.

The characteristics of this reference recommend it
for use in bias-regulation circuitry, in low-voltage
power supplies or in battery powered equipment.
The fact that the breakdown voltage is equal to a
physical property of silicon—the energy-band-gap
voltage—makes it useful for many temperature-

compensation and temperature-measurement

functions.

schematic and connection diagrams

L 2 +
1.
:‘;x Metal Can Package
> B .
&3 wikg 0 O~
aY
4 a3
- Q)
> + Nate: Pin 2 connected to case.
20 b3 TOP VIEW
< " ., - .
e Order Number LM113H or LM313H
See NS Package HO2A
o
’e - Sk

typical applications

Level Detector for Photodiode

+5V
Rl 4L

T
OUTPUT

Low Voltage Regulator

Vin >3V

2
2N2905

our = 2V

ﬁt\ ! i

Sold tantalum.
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=
absolute maximum ratings operating conditions =
MIN MAX UNITS Q
Power Dissipation (Note 1) 100mW  Temperature (T a) . ~
Reverse Current 50 mA LM113 -55 +125 °c <
Forward Current 50 mA LM313 [ 70 °c W
Storage Temperature Range —65°C to +150°C -t
Lead Temperature (Soldering, 10 seconds) 300°C w
electrical characteristics (Note2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Reverse Breakdown Voltage ‘
LM113/LM313 lo=1mA 1.160 1.220 1.280 \Y
LM113-1 R 1.210 1.22 1.232 \Y%
LM113-2 : 1.195 1.22 1.245 \%
Reverse Breakdown Voltage 05mA < I <20 mA 6.0 1 15 mv
Change - 0T
. . ln=1mA 0.2 1.0 - Q
Reverse Dynémlc Impedance In =10 mA 0.25 08 Q -
Forward Volt‘age Drop le=10mA ~ ) 0.67 1.0 \
10 Hz< < 10 kHz
. > X 5 A"
RMS Noise Voltage g =1 mA M
Reverse Breakdown Voltage 05mA<LIg <10mA '
: 15 mV
Change with Current Tuin S Ta <Tuax .
Breakdown Voltage Temperature 1.0mALIg K10 mA o
- 0.01 %/ C
Coefficient Tamin <Ta < Tmax :
Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C
maximum junction and a thermal resistance of 80°C/W junction to case or 440°C/W junction to
ambient, '
Note 2: These specifications apply for Ta = 25°C, unless stated otherwise. At high currents,
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are
also recommended. The diode should not be operated with shunt capacitances between 200 pF and
0.1 uF, unless 1solated by at least a 100 Q resistor, as it may oscillate at some currents.
typical performance characteristics
Temperature Drift Reverse Dynamic Impedance Reverse Characteristics
1.240 — 04 10
In=1mA ! B H I
= i z 8 )
ERFL] El LT Ta=t = 125°C 2]
" 8 03 f ! ) L
E S Vi [ g 25°C 1y 7
= o Ta=25C w 8
; 1.220 — § A g 4 /’
fu A1 3, e
1210 g ,4’/ Tp=-55C - M shec
a g 0 1
i 3 LU |
~ 1200 L] ~ -
-55-35 -16 5 25 45 65 85 105 125 03 1 3 10 30 : 03 1 3 10 30
TEMPERATURE (°C) REVERSE CURRENT (mA) REVERSE CURRENT (mA)
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LM113/LM313

typical performance characteristics (con’t)

Reverse Characteristics Reverse Dynamic Impedance Noise Voltage
| " T . IlIlﬁlI|I||lUII '
80 | H
= El
gm-: § 10 4 | ]! | & 70 1
H '3 s
3 g car) |
s H / ]
§“r. 2 I 2w
H 125°C 7 / L El T TT] L
@ o
257 / -55 ':| H A a0 H
108 04 LLL LU L ] L
02 04 06 08 1.0 12 14 100 1k 10k 100k ™ 0 1% 10k 100k
REVERSE VOLTAGE (V) . . . FREQUEACY (H2) Fnsuuzucv(uz)
Forward Characteristics Response Time Maxi Shunt Cap:
20 . 20 — 3 -
M )y . | T I | ]
= ’ a = STABLE
215, s 1 oUTPUT ) ] &
g i ‘ ; Fnulml : 3
£ ' 2o T z N
3 A Z "~ &
5 10 HTaz=-55 L 1 | R
o L & > P o
g W Jﬁ/"‘ b ) 8 t
14 ~ ,
z n LA Ta 2 3 ) NPUT & 03 N AN NN
g 0s - s - o m UNSTABLE :
r- f A=125°C ) B ! 01
IIHII : RS
0 1 0.03 DN N ANNNNN
05 1 3 10 50 0 q 8 12 16 20 102 103 10* 105 108 107
FORWARD CURRENT (mA) TIME (us) CAPACITANCE (pF)
. . . )
typical applications (con’t) ~
’ . +‘§V'
130K § S 130K
%S ::1'/.
P ouTPUT

—{T:MA ' -
INPUTS 4

~15V.

Amplifier Biasing for Constant Gain with Teniperature Constant Current Source

’

PROBE 250K

*Adjust for DV 31 0°C
1 Adjust for 150 mV/°C»

¢ Thermometer
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National
Semiconductor

Voltage References

LM129, LM329 Precision Reference

general description

The LM129 and LM329 family are precision multi-
current temperature compensated 6.9V zener references
with dynamic impedances a factor of 10 to 100 less than
discrete diodes. Constructed in a single silicon chip, the
LM129 uses active circuitry to buffer the internal zener
allowing the device to operate over a 0.5 mA to 15 mA
range with virtually no change. in performance. The
LM129 and LM329 are available with selected tempera-
ture coefficients of 0.001, 0.002, 0.005 and 0.01%/°C.

These new references also have excellent long term

stability and low noise.

A new. subsurface breakdown zener used in the LM129
" gives lower noise and better long term stability than
conventional IC zeners. Further the zener and tempera-
ture compensating transistor are made by a planar
process so they are immune to problems that plague
ordinary zeners. For example, there is virtually no
voltage shifts in zener voltage due to temperature cycling
and the device is insensitive to stress on the leads.

\ ' .
The LM129 can be used in place of conventional zeners
with improved performance. The low dynamic impedance

simplifies biasing and the wide operating current allows
the replacement of many zener types.

The LM129 is packaged in a 2-lead TO-46 package and is
rated for operation over a =55°C to +125°C temperature
range. The LM329 for operation over 0—70°C is availa-
ble in both a hermetic TO-46 package and a TO-92
epoxy package.

features:

0.6 mA to 15 mA operating current

0.682 dynamic impedance at any current

Available with temperature coefficients of 0.001%/°C
Tuv wideband noise

5% initial tolerance

0.002% long term stability

Low cost

Subsurface zener

typical applications

Low Cost 0—25V Regulator

IN ouT

v
N Lm317

357 Vour

ADJ

240

Simple Reference
9V T0 40V

Rg

Lm129
6.9v

ouTPUT
-6.9.<Vour < 69

50k

ouTPUT
ADJUST

-15V 30 pF

-
=
b
N

©
-
=
@
N
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LM129, LM329

absolute maximum ratings

Reverse Breakdown Current
Forward Current
Operating Temperature Range
LM129
LM329
Storage Temperature Range

T 30mA
2mA

~55°C to +125°C
0°C to +70°C
-55°C to +150°C

Lead Temperature (Soldering, 10 seconds)

electrical characteristics (Note 1)

300°C

LM129A, B, C LM329B, C, D
PARAMETER CONDITIONS: UNITS
‘MIN TYP MAX | MIN "TYP '~ MAX
Reverse Breakdown Voltage Ta=25°C, . .
0.6 mMA<Ig <16 mA 6.7 6.9 7.2 6.6 6.9 7.25° v
Reverse Breakdown Change Ta =25°C, v ‘ T
with Current 06mA<Ig<15mA - 9 14 9 20 mV
Reverse Dynamic Impedance Ta = 25°C, Ig = 1.mA 0.6 1 0.8 2 9]
RMS Noise Ta =25°C,
10 Hz < F <10 kHz 7 20 7 100 uv
Long Term Stability Ta =45°C#0.1°C; ) '
Ja=1mA 0.3% 20 20 ppm
Temperature Coefficient Ig =1TmA )
LM129A ' 6 10 . ppm/°C
LM129B, LM3298 15 20 .15 20 ppm/°C
LM129C, LM329C 30 50 30 50 ppm/°C
LM329D 50 100 | ppm/°C
Change In Reverse Breakdown 1TmA<Ig<15mA 1 1 ppm/°C
Temperature Coefficient
Reverse Breakdown Change 1TmA<Ig <15mA 12 12 mV
with Current
Reverse Dynamic Impedance TmA<Ig<15mA 0.8 1 Q

Nots 1:These specifications apply for —65°C < Ta < +125°C for the LM129 and 0°C < Ta < +70°C for the LM329 unless otherwise specified. The
maximum junction temperature for an LM129 is 160°C and LM329 is 100°C. For operating at elevated temperature, devices in TO-46 package
must be derated based on a thermal resistance of 440°C/W junction to ambient or 80° C/W junction to case. For the TO-92 package, the derating
is based on 180".C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" lead length to a PC

board.
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typical applications (con‘t)

62CEINT ‘6CHNT

0V to 20V Power Reference

25V T0 40V—
6k
LM195
S 5k 2%
LM129 20k
6.9V S
1uF ' 38k 0V T0 20V
MYLAR M——-—o— 1A
> >
20k 100 pF 2 1
<
-5V

External Reference for Temperature Transducer

15V
1k
<
3 ouUTPUT
2 10 mV/k
ouTPUT
LM129
oV LX5600
ipur
4

1N457




LM129, LM329

typical applications (con’t)

Positive Current Source

10V TO 40V

2N2219

OUTPUT
10mA

+15V

Lm129
6.9V

connection diagrams

Metal Can Package

BOTTOM VIEW

Order Number LM129AH, LM129BH
LM129CH, LM329BH, LM323CH
or LM329DH
See NS Package HO2A

Plastic Package

'

BOTTOM VIEW

\ Order Number LM329BZ, LM329C2
or LM329D2
See NS Package Z03A




typical performance characteristics

Reverse Characteristics Lo .o Response Time
10°! 8
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LM134/LM234/LM334

National
Semiconductor

Voltage References

LM134/LM234/LM334 3-Terminal

Adjustable Current Sources

General Description

The LM134/LM234/LM334 are 3-terminal adjustable
current sources featuring 10,000:1 range in operating
current, excellent currentregulation. and a wide dynamic
voltage range of 1V to 40V. Current is established with
one external resistor and no other parts are required.
Initial current accuracy is +3%. The LM134/LM234/
LM334 are true floating current sources with no separate
power supply connections. In:addition, reverse applied
voltages of up to 20V will draw only a few microamperes
of current, allowing the devices to act as both a rectifier
and current source in AC applications.

The sense voltage used to establish operating current in

" the LM134 is 64 mV at 25°C and is directly propor-

tional to absolute temperature (°K). The simplest one
external resistor connection, then, generates a current
with ~+0.33%/°C temperature dependence. Zero drift
operation can be obtained by adding one extra resistor
and a diode.

Applications for the new current sources include bias
networks, surge protection, low power reference, ramp
generation, LED driver, and temperature sensing. The

LM134-3/LM234-3 and LM134-6/LM234-6 are specified
as true temperature sensors with guaranteed initial
accuracy of +3°C and +6°C, respectively. These devices
are ideal in remote sense applications because series
resistance in long wire runs does not affect accuracy.
In addition, only 2 wires are required.

The LM134 is guaranteed over a temperature range of
-55°C to +125°C, the LM234 from —25°C to +100°C
and the LM334 from 0°C to +70°C. These devices are
available in TO-46 hermetic and TO-92 plastic packages.

Features

Operates from 1V to 40V

0.02%/V current regulation

Programmable from 1 uA to 10 mA .

Trué 2-terminal operation

Available as fully specified temperature sensor
+3% initial accuracy ' )

1

Typical Applications . '

Basic 2-Terminal Current Source
in

v
A s

«

<
S .
S RseT |

“Vin

Terminating Remote Sensor for Voltage Output
Vin
v

|
Q
O

=

Vour = (IseT)RL)
= 10mV/°K FOR
RggT = 2300
RL Ry=10kQ

<
>
S RsET

Zero Temperature Coefficient Current Source
+Vin ’

g

1A

D1
- 1N4s?

-Vin

*Select ratio of R1 to RgET to obtain zero drift. 1Y ~ 2 IggT

Ground Referred Fahrenheit Thermometer

R4 {
56k
W23V
4 2N4250
€1
Joor] | Vout = 10 mV/°F
A B 10°F < T < 250°F
Vi om
o Jo.25k
e n 1™ +VREF
: AV‘VAV & AVA'A +V, N
D b2 A3*
. ‘> 2
- Q1o LM3362
Jv % 25V

: *Select R3 = VREF/583 BA. VREF may be any stable positive voltage > 2V
Trim R3 to calibrate . .
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Absolute Maximum Ratings

V7 to V™ Forward Voltage

LM134/LM234 40V -
LM334/LM134-3/LM134-6/LM234-3/L.M234-6 30V
V* to V™ Reverse Voltage 20V
R Pin to V™ Voltage 5V
Set Current 10 mA
Power Dissipation 200 mw
Operating Temperature Range
LM134/LM134-3/LM134-6 —55°C to +125°C
LM234/LM234-3/LM234-6 —25°C to +100°C
LM334 0°C to +70°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (note 1)
LM134/LM234 LM334
PARAMETER CONDITIONS N TYP VIAX N TVYP VIAX UNITS
Set Current Error, V=25V, | 10uA<IseT < 1mA 3 6 %
(Note 2) 1TmA<IggT <5mA 5 8 %
2uA <ISET <10 A 5 8 %
Ratio of Set Current to 10 uA<ISET<1mA 14 18 23 14 18 26
V™ Current 1TmA<SIGeT<5mA 14 14
2uA<IgGET < 10uA 14 18 23 14 18 26
Minimum Operating Voltage 2 uA <IgeT < 100 A 0.8 0.8 \
100 uA <IgeT < 1 mA 0.9 0.9 \Y
TmA<IGeT <5mA 1.0 1.0 \Y
Average Change in Set Current | 1.5 < vt <bBvV 0.02 0.05 0.02 0.1 %/V
with Input Voltage 2uA<ISET< 1 mA
5V <Vt <a0v 0.01 | 0.03 0.01 | 0.05 %/V
1.5V <V BV 0.03 0.03 %IV
1TmA<IGeT<5mA
5V <V <40V 0.02 0.02 %/V
Temperature Dependence of 25 uA<ISET< 1 mA 0.96T| T 1.04T | 096T| T 1.04T
Set Current (Note 3) .
Effective Shunt Capacitance 15 15 pF

Note 1: Unless otherwise specified, tests are performed at T] = 25°C with pulse testing so that junction temperature does not change during test.

ISET = 67.7 mV/RggT (@ 25°C). Set
current error is expressed as a percent deviation from this amount. IggT increases at 0.336%/°C @ Tj = 25°C.

‘Note 2: Set current is the current flowing into the vt pin. It is determined by the fo“owmg formula:

Note 3:
is IggT measured at To (°K).

ISET is dlrectly proportional to absolute temperature (°K). IggT at any temperature can be calculated from: ISgT = 1o (T/Tg) where o
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LM134/LM234/LM334

Electrical Characteristics (continued) (Note 1)

LM134-3, LM234-3 LM134-6, LM234-6
PARAMETER CONDITIONS MIN TYP T MAX | WIN TYP T MAX UNITS
Set Current Error, VT = 2.5V, 100 tPA<ISET< TmA +1 12 %
(Note 2) Tj=25°C
Equivalenthemperature Error +3 +6 °c
Ratio of Set Current to V™ 100 uA < ISeT < TmA 14 18 26 14 18 26
Current
Minimum Operating Voltage 100 uA IgeT < 1 mA 0.9 0.9 Vv
Average Change in Set Current | 1.5< vt <5V ' 0.02 0.05 0.02 0.1 %/V
with Input Voltage 100 pA < IgeT<1TmMA-
5V < vt < 30V _ 0.01 0.03 0.01 0.05 %IV
Temperature Dependence of 100 A< ISET< T mA 098T | T 1.02T| 0.97T | T 1.03T
Set Current (Note 3) and )
Equivalent Slope Error R +2 +3 %
Effective Shunt Capacitance 15 15 pF
Typical Performance Characteristics
Maximum Slew Rate for
Output Impedance Linear Operation Start-Up
109 T 10
e o [T
N = 10 A [ |~ |=200.s
ERRT 0
g 1 =i 3
w = 100 uA -
S \\\ E 0.1 5o r i B LY
2 1= 100 pA=RQ = <
£ | E
I 1mA
.T lmlA 0.01 0 s a1
" 106 ‘ | 0.001 z\\: INPUT
10 100 1k 10k 1uA 10uA  100gA  1mA  10mA
FREQUENCY (Hz) ISET ) TIME (Note scale changes at each current level)
Transient Response Voltage Across RseT Current Noise
86 [
, ] T 1] " 7 S
. Al Alsg'|'= 1mA » y
™ T
~ V+TO V- =5V o & Ok
1 V=04V z . SET = 5mA
= & A1, £ = 500ns c 7 2 A
5 o A g w 7 B I
L -5 0] fe A Ijln=['(00yA é 52 A ‘;:‘ ISET = 100 1A L
e WL By 2 o
L A i
o] R T ] 4 T
45 - 1
-50 25 0 25 50 75 100 125 10 100 1k, 10k 100k
TIME (Note scale changes for each current) TEMPERATURE (°C) FREQUENCY (H2)
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Typical Performance Characteristics (continued)

Turn-On Voltage

10mA T T
' Tj=25C —
7 | RgeT=149
L ol
1mA — | —
y 4 Rger = 682 —
E 7 —T T
= ] RgeT = 68002
10,4 = =
I 74 %
RsgT = 6.802
10uA i
£
|4
10 L1
04 0.6 0.8 1.0 12 14

V*T0 V- VOLTAGE

Application Hints

The LM134 has been designed for ease of application,
but a general discussion of design features is presented
here to familiarize the designer with device characteris-
tics which may not be immediately obvious. These
include the effects of slewing, power dissipation, capa-
citance, noise, and contact resistance.

SLEW RATE

At slew rates above a given threshold (see ‘curve), the
LM134 may exhibit non-linear current shifts. The slew-
ing rate at which this occurs is directly proportional to
ISET. At ISET = 10 A, maximum dV/dt is 0.01V/us;
at ISET = 1 mA, the limit is 1V/us. Slew rates above
the limit do not harm the LM 134, or cause large currents
to flow.

THERMAL EFFECTS

Internal heating can have a significant effect on current
regulation for IGET greater tl)an 100 pA. For example,
each 1V increase across the LM134 at ISET = 1 mA will
increase junction temperature by ~ 0.4°C in still air.
Output current (ISET) has a-temperature coefficient of
~ 0.33%/°C, so the change in currentdue to temperature
rise will be (0.4)(0.33) = 0.132%. This is a 10:1 degrada-
tion in regulation compared to true electrical effects.
Thermal effects, therefore, must be taken into account
when DC regulation is critical and ISET exceeds 100 uA.
Heat sinking of the TO-46 package or the TO-92 leads
can reduce this effect by more than 3:1.

SHUNT CAPACITANCE

In certain applications, the 15 pF shunt capacitance of

the LM134 may have to be reduced, either because of

loading problems or because it limits the AC output
impedance of the current source. This can be easily
accomplished by buffering the LM134 with an FET as
shown in the applications. This can reduce capacitance
to less than 3 pF and improve regulation by at least an
order of magnitude. DC characteristics (with the excep-
tion of minimum input voltage), are not affected.

NOISE
Current noise generated by the LM134 is approximately

4 times the shot noise of a transistor. If the LM134 is
used as an active load for a transistor amplifier, input

Ratio of IggT to V™~ Current

20

RATIO
a

10pA 100 A imA

IseT

10mA

referred noise will be increased by about 12 dB. In many
cases, this is acceptable and a single stage amplifier can
be built with a voltage gain exceeding 2000.

LEAD RESISTANCE

The sense voltage which determines operating current of
the LM134 is less than 100 mV. At this level, thermo-
couple or lead resistance effects should be minimized
by locating the current setting resistor physically close
to the device. Sockets should be avoided if possible.
It takes only 0.7Q2 contact resistance to reduce output
current by 1% at the 1 mA level.

SENSING TEMPERATURE

The LM134 makes an ideal remote temperature sensor
because its current mode operation does not lose
accuracy over long wire runs. Qutput current is directly
proportional to absolute temperature in degrees Kelvin,
according to the following formula:

(227 uV/PK)NT)

| =

SET RsET
Calibration of the LM134 is greatly simplified because of
the fact that most of the initial inaccuracy is due to a
gain term (slope error) and not an offset. This means
that a calibration consisting of a gain adjustment only
will trim both slope and zero at the same time. In addi-

tion, gain adjustment is a one point trim because the .

output of the LM134 egtrapolates to zero at 0°K,
independent of RGET or any initial inaccuracy.

S
1SET INITIAL OUTPUT,

{ b
DESIRED
T OUTPUT

b

|
|
i
|
|
}
|
i
|
1
|

0°K m T2 T3

This property of the LM134 is illustrated in the accom-
panying graph. Line abc is the sensor current before
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LM134/LM234/LM334

Application Hints (continued)

trimming. Line a’b’c’ is the desired output. A gain trim
done at T2 will move the output from b to b’ and will
simultaneously correct the slope so that the output
at T1 and T3 will be correct. This gain trim can be done
on RgQgT or on the load resistor used to terminate the
LM134. Slope error after trim will normally be less
than #1%. To maintain this accuracy, however, a low
temperature coefficient resistor must be used for RET:

Typical Applications (continued)

N

A 33 ppm/°C drift of RgET will give a 1% slope error
because the resistor will normally see about the same
temperature variations as the LM134. Separating RSET
from the LM134 requires 3'wires and has lead resistance
problems, so is not normally recommended. Metal film
resistors with less than 20 ppm/°C drift are readily
available. Wire wound resistors may also be used where
best stability is required.

Low Output Impedance Thermometer

Vin > 48V

|

Voyt=10mV/ K
Zgyt < 1009

*Output impedance of the LM134 at the “R" pin is
approximately —R,/16S2, where Ry, is the equivalent
external resistance connected to the V™ pin. This-
negative resistance can be reduced by a factor of 5 or
more by inserting an equivalent resistor in series

with the output. .

Low Output Impedance Thermometer

Vi
R1 R2
15k 300
v+
. C1—L Vout = 10 mV/°K
0.0022—1— Zgur<22
=

R4
4.5k

Higher Output Current

+Vin

2N2905

RseT

-Vin

*Select R1 and C1 for optimum stability




Typical Applications (continued)

Micropower Bias

L
s >

g PSET

6k

-Vin

Ramp Generator

VN

v+

1.2V Reference Operates on 10 uA and 2V
Wy=2v

r,v+;

R3

EB R 356k
R £

- - TLo
' 60k
1%
: 1N4s57

Vour=12V
lout <1rA

C1

*Select ratio of R1 to R2 to obtain zero temperature drift

Low Input Voltage Reference Driver

o

Win L. +ViN > VREF *+200 mV

R1
1.5k

c1

=101

a1
2N4250

O

Vout=Vz+64 mVe@25°C
fpyT<3ImA

D1

LM129
LM136
LmM113
ETC.

1.2V Regulator with 1.8V Minimum input
Vin =18V

2N4250

Voyr=12V
. louT <200 1A
‘c1

0.001

v+

1N457

e AA
\ 4
-
=®

O‘ : QR2*

v 1%

*Select ratio of R1 to R2 for zero temperature drift

PEENT/PECNT/PELNT




Typical Applications (continued)

LM134/LM234/LM334

Zener Biasing Alternate Trimming Technique Buffer for Photoconductive Cell
VN o +VIN
Vi o Lo | vt
R
1.5V =0 — .
[ R
RsET. = e
» R
I § < SET ) o
Vour, A+ 9 /1
e V- >
- .
=, >
- -Vin
- *For £10% adjustment, select RggT
10% high, and make R1 =~ 3 RgeT
FET C: ding for Low Capaci and/or Ultra High Output Impedance
+ViN
+Vin
ISET § ,
. : vt
> a*
vt i R
B \ v +
: 19
<
— S Aser
S
S RseT
V- .
uz*
C vy . { ISET
- : e
*Select Q1 or Q2 to ensure at least 1V across the LM134. Vp {1 —IgeT/ipss) 2 1.2V.
Generating Negative Output imped In-Line Current Limiter
CLVIN Rgey
AA
A A4
R
; v L
gA* vt
<
R "VIN [——
¢
<
SRseT
Ve : :j '
4 -
' s .
VN H

*ZouT ~ -16 + R1 (R1/V)p ‘must not exceed IggT)

*Use minimum value required to ensure stability of protected
device. This minimizes inrush current to a direct short.
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Schematic and Connection Diagrams

vt (2)

ufe

Q4 a5 Lx
a3
c1 az a1
sy 50 pF
L— R(1)
) @
TO-46 TO92
Metal Can Package Plastic Package
vt
vt R v~
R '

BOTTOM VIEW BOTTOM VIEW

Pin 3 is electrically connected to case

Order Number LM134H, LM134H-3,
LM134H-6, LM234H, LM234H-3,
LM234H-6 or LM334H
See NS Package HO3H

Order Number LM334Z, LM2342-3
or LM2342-6
See NS Package Z03A
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LM136/LM236/LM336

National
Semiconductor

Voltage References |

LM136/LM236/LM336 2.5V Reference Diode

General Description

The LM136/1.M236 and LM336 mtegrated circuits are
precision 2.5V shunt regulator diodes. These monolithic
IC voltage references operate as a low temperature
coefficient 2.5V zener with 0.22 dynamic impedance.
A third terminal on the LM136 allows the reference
voltage and temperature coefficient to be trimmed easily.

The LM 136 series is useful as a precision 2.5V low voltage
reference for digital voltmeters, power supplies or op
amp circuitry. The 2.5V make it convenient to obtain
a stable reference from 5V logic supplies. Further, since
the LM136 operates as a shunt regulator, it can be used
as either a positive or negative voltage reference.

The LM136 is rated for operation over —55°C to +125°C
while the LM236 is rated over a —25°C to +85°C

temperature range. Both are packaged in a TO-46 package.
The LM336 is rated for operation over a 0°C to +70°C
temperature range and is available in either a three lead

‘TO-46 package or a TO-92 plastic package.
Features

Low temperature coefficient

Wide operating current of 300 4A to 10 mA
0.282 dynamic impedance

+1% initial tolerance available

Guaranteed temperature stability’

Easily trimmed for minimum temperature drift
Fast turn-on

Three lead transistor package

5.0V device also available—LM336—5.0

Schematic Diagram

° ° o +
\ & ::IJ ‘l_a
kS an
\ 3 0
/
< S
“ S L
[ S RE
/’l - :: 28k :: A7
Sosk
N
Il‘I;2 F R4 /| u|sD__h
[ anF
IR I ) J
1 :t Re
K’ Sen
a1 a1 015 MA ADJ
! - -
w > 30k
m}—- m}J % S
- <
ar 813 o b
p
[ MJ_ w ) m qun
Typical Applications
2.5V Reference 2.5V Ref with Mini Temp Coefficient Wide Input Range Reference
sV
Viy 35 - 40V
- 25k
2.5k LM334
IN857*
25v 68
b’ﬁii’ 1ot Vour =25V
LM136
LM336
ING57*
1 Adjust to 2.490v =

*Any silicon signal diode
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Absolute Maximum Ratings

Reverse Current 15 mA
Forward Current 10 mA
Storage Temperature '—60°C to +150°C
Operating Temperature ’
LM136 -55°C to +150°C
LM236 ' —25°C to +85°C
LM336 ) 0°Cto +70°C

Lead Temperature (Soldering, 10 seconds) 300°C

r
s
d
W
o
)
r
=
N
[
o
N~
r
=
w
®
o

Electrical Characteristics (Note 1)

LM136A/LM236A LM336B
PARAMETER CONDITIONS LM136/L.M236 LM336 UNITS
MIN TYP | MAX | MIN TYP | MAX
Reverse Breakdown Voltage TA=25°C,IR=1mA R
LM136/L.M236/LM336 2.440 | 2.490 | 2.540 | 2.390 | 2.490 | 2.590 \
LM136A/LM236A, LM3368B 2.465 | 2.490 | 2.515 | 2.440 | 2.490 | 2.540 \
Reverse Breakdown Change Ta =25°C, 2.6 6 2.6 10 mV
With Current 400 A< IR < 10mA
Reverse Dynamic Impedance | Ta =25°C, Ig=1mA ' 0.2 0.6 0.2 1 Q
Temperature Stability VR Adjusted to 2.490V
IR =1mA, (Figure 2} :
0°C < Ta < 70°C (LM336) 1.8 6 mV
-25°C < T < +85°C (LM236) 3.5 9 mvV
-55°C < Tpa < +125°C (LM136) 12 . 18 mV
Reverse Breakdown Change | 400 uA <Ig <10 mA ' 3 10 3 12 mv
With Current '
Reverse Dynamic Impedance | Ig=1mA ' ) 0.4 1 0.4 14 Q
Long Term Stability TA=25°C*0.1°C, Ig=1mA 20 20 ppm

Note 1: Unless otherwise specified, the LM136 is specified from —55°C < Ta<H 25_° C, the LM236 from —25°C < T < +85°C and the LM336
from 0°C < Ta < +70°C. The maximum junction temperature of the LM136 is 150°C, LM236 is 125°C and the LM336 is 100°C. For elevated
junction temperature, devices in the TO-46 package should be derated based on a thermal resistance of 440° C/W junction to ambient or 80°C/W
junction to case. For the TO-92 package, the derating is based on 180°C/W junction to ambient with 0.4’ leads from a PC board and 160°C/W
junction to ambient with 0.125"" lead length to a PC board. .

Typical Pérformance Characteristics

Reverse Voltage Change : Zener Noise Voltage Dynamic Impedance

35 250 . 100
- tp= F +
Z . I T'LZ'S{."(:‘_ B Eig=1mA
w Tj=125°C] . \ i =) T
2 i Z8 200 o

. = 8
24 A\ £ o
w2 7 ) 2 \ 3 ——r———T1;-125C
2 « Z 150 S T !
5 s P Tj = -55°C ] w N\ = T -+
= 8 N e
o ///< 1- 2 2 ES
5 10 == — = i
g 100 s Tj=-55°C =
& 05 i
= l ! Tj=25°C

0 - 50 0.1 .

0 2 4 6 ] 10 10 100 1k 10k 100k 10 100 1k 10k 100k
REVERSE CURRENT (mA) ! FREQUENCY (Hz) FREQUENCY (Hz)




LM136/LM236/LM336

Typical Performance Characteristics (continued)

Response Time

Reverse Characteristics

Forward Characteristics

TTITT T,
3 Tj=25°C -
OUTPUT = 10
s L £, s
2 L] Rl w
g s H 2 o8
2w ] g g
w 1 g weur : 10'3 S s
ly @ 2
K — j ‘[’ oUTPUT 2 I3
- w <
g o Jj— - H i —*_\-3:‘? £ 04
5 . b o« 10-4 7 E 02
INPUT .
0 Nlu ‘ ) /
1078 0~ — .
0 2 a ] 8 06 10 14 18 22 26 0.001  0.01 0.1 1 10 -
TIME (us) REVERSE VOLTAGE (V)

[FORWARD CURRENT (mA)

Temperature Drift

2580

2570 —

2550 [~

S 2530 b=

VAN

w
@ 2510
5 2490

LT
=
S 2470

-
2 2.450

2 2430
324

i

= 2410
2390 }lg=1mA
2310 Ll

_—
~

~

-65-35-15 5 25 45 65 85 105 125
TEMPERATURE (°C)

Application Hints

’

The LM136 series voltage references are much easier to
use than ordinary zener diodes. Their low impedance
and wide operating current range simplify biasing in
almost any circuit. Further, either the breakdown volt-
age or the temperature coefficient can be adjusted to
optimize circuit performance. -

Figure 1 shows an LM136 with a 10k potentiometer’

for adjusting the reverse breakdown voltage. With the
addition of R1 the breakdown voltage can be adjusted
without affecting the temperature coefficient of the
device. The adjustment range is usually sufficient to

LM136

FIGURE 1. LM136 With Pot for Adiystment of
Breakdown Voltage

adjust for both the initial device tolerance and inac-
curacies in buffer circuitry.

If minimum temperature coefficient is desired, two
diodes can be added in series with the adjustment po-
tentiometer as shown in Figure 2. When the device is
adjusted to 2.490V the temperature coefficient is mini-
mized. Almost any silicon signal diode can be used for
this purpose such as a TN914, 1N4148 or a 1N457. For
proper temperature compensation the diodes should be
in" the same thermal environment as the LM136. It is
usually sufficient to mount the diodes near the LM136
on the printed circuit board. The absolute resistance of
R1 is not critical and any value from 2k to 20k will work.

v

Rg

IN914

R1
LM136 10k

IN314

FIGURE 2. Temperature Coefficient Adjustment
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Typical Applications (continued)

Low Cost 2 Amp Switching Regulator?

N
V| 3 AMP PNP
N . LYY v
6V TO20V *1 Vout 5V
600 uH
68
1 ::Iﬂk
2
. 680 . PN2905
VWA
! 14F
. . . +
—Lt . 33k + . _Jr_
41 uF N - - A A = VARQ AT~ 2004F
L VSK330
: <
*g . ‘
<
200
AN —mzzzz PN2222 VWA—& -
A N 1 670
LM336 ‘t ‘: R -
< 3% S
*L1 60 turns #16 wire on Arnold Core A-254168-2
tEfficiency ~ 80%
Precision Power Regulator with Low Temperature Coefficient
LM3r?
iy =] INPUT our - - Vaut
ADJ L
<
S 1.2k
b3
. SR
inesT S5
-l *
LM336 1o
457
R2
: R
)"
ouTPUT
. ADJUST =
*Adjust for 3.75V across R1 =
6V Crowbar Tril d 2.5V Ref ce with Temp
Coefficient Ind dent of Breakd
vt o o Voltage
v
5k
3 SENSITIVE GATE L
< SCR < 0%
LM336 S CALIBRATE

‘P
00tuF Q20

T
I

*Does not affect temperature coefficient
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LM136/LM236/LM336

Typical Applications (continued) S

Linear Ohmmeter

o . . v

|

. -LM338 8
oUTPUT - : B

3
5VTO 40V . . - - 33k
e . ! <
25kS, 25k § 260k S 2.5M S
%S %S %S 1% » S 10k

. >

100V A CALIBRATE
1y
)
Bipolar Output Reference
. . 5V
Op Amp with Output Clamped
Rg
AAA
VA~
10k
2k 1%
s 22V =AAA~4
Vour £1.25V
= 3V Max P

S 10k
o

>
>
,5!(

—AAA

2.5V Square Wave Calibrator

5v

2%

1k OUTPUT
B 2222
S
v s> S CALIBRATE

=
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Typical Applications (continued)

5V Buffered Reference

WL ViN <36V

Connection Diagrams

- TO-92
Plastic Package

BOTTOM VIEW

Order Number
LM336Z or LM336B2
See NS Package Z03A

Low Noise Buffered Reference

TO-46
Metal Can Package

BOTTOM VIEW

Order Number
LM136H, LM236H, LM336H, LM136AH,
LM236AH or LM336BH
See NS Package HO3B

e 25V

-
S
—
W
o
SN
=
=
N
[
o
SN
C
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LM199/LM299/LM399

National
Semiconductor

Voltage References

LM199/LM299/LM399 Precision Reference

general description

The LM199/LM299/LM399 are precision, temperature-
stabilized monolithic zeners offering temperature
coefficients a factor of ten better than high quality
reference zeners. Constructed on a single monolithic

chip is a temperature stabilizer circuit and an active

reference zener. The active circuitry reduces the dynamic
impedance of the zener to about 0.5§2 and allows the
zener to operate over 0.5 mA to 10 mA current range

with essentially no change in voitage or temperature

coefficient. Further, a new subsurface zener structure
gives low noise and excellent long term stability com-
pared to ordinary monolithic zeners. The package is
supplied with a thermal shield to minimize heater power
and improve temperature regulation.

The LM199 series references are exceptionally easy to
use and free of the problems that are often experienced
with ordinary zeners. There is virtually no hysteresis in
reference voltage with temperature cycling. Also, the
LM199 is free of voltage shifts due to stress on the leads.
Finally, since the unit is temperature stabilized, warm up
time is fast.

The LM199 can be used in almost any application in
place of ordinary zeners with improved performance.
Some ideal applications are analog to digital converters,

calibration standards, precision voltage or current sources
or precision power supplies. Further in many cases the
LM199 can replace references’in existing equipment
with a minimum of wiring changes.

The LM199 series devices are packaged in a standard
hermetic TO-46 package inside a thermal shield. The
LM199 is rated for operation from —55°C to +125°C
while the LM299. is rated for operation from —25°C to
+85°C and the LM399 is rated from 0°C to +70°C. ~

features

Guarantéed 0.0001%/°C temperature coefficient
Low dynamic impedance — 0.582

Initial tolerance on breakdown voltage — 2%
Sharp breakdown at 400uA

Wide operating current — 500uA to 10 mA
Wide supply range for temperature stabilizer
Guaranteed low noise '
Low power for stabilization — 300 mW at 25°C
Long term stability — 20 ppm

schematic diagrams

!:[v'
us:‘Q— :
@
0 a8
% I ;
106F
-
2,( I, <
4 Ao A s
S
S
:OIV-

Temperature Stabilizer

connection diagram

Me;al Can Package

° ° Order Number LM199H, LM299H
c n’ or LM399H

See NS Package HO4A or HO4D
& ()

TOP VIEW

Reference

functional block diagram
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absolute maximum ratings

r
=

Temperature Stabilizer Voltage . 40V 8
Reverse Breakdown Current 20 mA g
Forward Current 1 mA r
Reference to Substrate Voltage V(gs) (Note 1) 40V g
-0.1v N

Operating Temperature Range (o]
LM199 -55°C to +125°C ©
LM299 : -25°C to +85°C -
LM399 0°C to +70°C =
Storage Temperature Range -55°C to +150°C W
Lead Temperature (Soldering, 10 seconds) 300°C (7o)
©

electrical characteristics (Note 2)

LM199/LM299 LM399
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Reverse Breakdown Voltage -| 0.5 mA <lg <10 mA 6.8 6.95 7.1 6.6 6.95 73 Y ,
Reverse Breakdown Voltage | 0.5 mA <1< 10 mA 6 9 6 12 . mV
Change With Current
Reverse Dynamic Impedance | Ig = 1 mA 0.5 1 0.5 1.5 Q
Reverse Breakdown - -55°C < T, <85°C L1909 0.00003| 0.0001 %/°C
Temperature Coefficient 85°C < Ta < 125°C 0.0005 | 0.0015 %/°C
—25°C< T, £85°C  LM299 0.00003| 0.0001 e
0°C.< T, £70°C LM399 0.00003| 0.0002 %/°C
RMS Noise 10 Hz < f<10kHz 7 20 7 50 uv
Long Term Stability Stabilized, 22°C < Ta < 28°C, 20 20 ppm
) 1000 Hours, Iz = 1 mA £0.1%
Temperature Stabilizer Ta =25°C, Still Air, Vg = 30V 8.5 14 8.5 15 mA
Supply Current Ta =—55°C 22 28
Temperature Stabilizer 9 40 9 40 \Y
(Note 3)
Supply Voltage
Warm-Up Time to 0.05% Vg =30V, T, =25°C 3 3 Seconds
Initial Turn-on Current |98 Vs <40, Ty = 25°C, (Note 3) 140 200 140 200 mA

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either
terminal of the reference is 40V more positive or 0.1V more negative than the substrate.

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < Tp < +125°C for the LM199; —25°C < Tp < +85°C
for the LM299 and 0°C < Tp < +70°C for the LM399.

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic
graphs to determine values.
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LM199/LM299/LM399

typical performance characteristics

REVERSE CURRENT (A)

NOISE (nV/\/Hz)
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Reverse Characteristics
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typical applications

+15V

Single Supply Operation

9V T0 80V ——-4,____l
. Rg

S

)
!

TEMPERATURE
STABILIZER

e
695V

15V

Split Supply Operation

S

Negative Heater Supply.with
Positive Reference

> 7.5k
>

~@—AAA
v—

)

TEMPERATURE
STABILIZER

695V

-9V 10 I o

-33v

<
Qs
p:

>—

TEMPERATURE
STABILIZER

6.95V

_15v__.__| [ S

Buffered Reference

With Single Supply
3L A
1) \AAs

TEMPERATURE
STABILIZER

Ve
6.95v

= L
Positive Current Source
10V 10
> 35
, < .
> 0.1"
. g°
TEMPERATURE
STABILIZER n2218
6.95V
LMm193 ouTePuT
10 mA
<
>
S a3k
hd - I
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. 1% REGULATED
. :: 7.5k
>
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<
Ny :; 12 > ;l)l)k .
- S 0.1% <
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: 20k
. 695V AAA
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<
>
Q%
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. . . 1 ! . .
O | typical applications (con’t) ‘ i
N ’ Negative Current Source
E , - :: 7.5k .o
b ouTPUT
| CURRENT 10-20 mA
~ ADJUST
c’ <
m TEMPERATURE 20k<:
STABILIZER < 5 2N2905
- 6.5V 204193
-— LM199
s
20k & .
b _
>
< 300
3
bS
-25v
Portable Calibrator*
Square Wave Voltage Reference —1—‘ S
o A = .
—A 8.8k
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‘ : A
. 10 F . .
75k 50k +] 2
AAA VA 9- 1 '_ QuTPUT 200k Q& 2
A . L L ’ < .4 - J
Lo : 4193 L A ’
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A A l/ (R
695V x b 1 5k
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LM199 - >
S 1%
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L [ P 4
e 0T0 10V . ) : .
INPUT . . . <
. SQUARE WAVE LM199 TRIM
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14V Reference Precision Clamp*
14k : ' cLame -
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typical applications (con’t)

0V to 20V Power Reference
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LM199A/LM299A/LM399A

National |
Semiconductor

general description

The LM199A/LM299A/LM399A are precision, tempera-
ture-stabilized monolithic zeners offering temperature
coefficients a factor of ten better than high quality
reference zeners. Constructed on a single monolithic
chip is a temperature stabilizer circuit and an active
reference zener. The active circuitry reduces the dynamic
impedance of the zener to about 0.5Q and allows the

zener to operate over 0.5 mA to 10 mA current range

with essentially no change in voltage or temperature
coefficient. Further, a new subsurface zenerystructure
gives low noise and excellent long term stability com-
pared to ordinary monolithic zeners. The package is
supplied with a thermal shield to minimize heater power
and improve temperature regulation.

The LM199A series references are exceptionally easy to
use and free of the problems that are often experienced
with ordinary zeners. There is virtually no hysteresis in
reference voltage with temperature cycling. Also, the
LM199A is free of voltage shifts due to stress on the
leads. Finally, since the unit is temperature stabilized,
warm up time is fast.

The LM199A can be used in almost any application in
place of ordinary zeners with improved performance.

‘Some ideal applications are analog to digital converters,

calibration standards, precision voltage or current sources
or precision power supplies. Further in many cases the
LM7T99A can replace references in existing equipment
with a minimum of wiring changes.

Voltage References

VLM199A/LM299A/LM399A Precision Reference

The LM199A series devices are packaged in a standard
hermetic TO-46 package inside a thermal shield. The
LM199 is rated for operation from -55°C to +125°C
while the LM299A is rated for operation from —25°C
to +85°C and the LM399A is rated from 0°C to +70°C.

Certified Long Ten"ﬂ Stability Devices

All devices are tested for 1000 hours minimum at 25°C
ambient temperature with temperature stabilizer oper-
ating. All devices shipped with long term data which
certifies a maximum drift for the 1000 hours of 20 ppm
or 50 ppm.

features

® Guaranteed 0.00005%/°C temperature coefficient
B Low dynamic impedance — 0.5§2

B |nitial tolerance on breakdown voltage — 2%

8 Sharp breakdown at 400uA

# \Wide operating current — 500uA to 10 mA

= Wide supply range for temperature stabilizer

® Guaranteed low noise

® Low power for stabilization — 300 mW at 25°C
8 |ong term stability — 20 ppm

L] Certified‘ long term stability available

schematic diagrams

ol

-/ 01 ly i
A s3v 63V

) Te.mpera'tu re Stabilizer
connection diagram

Metal Can Package

a0 03 i

15 0F

26k

Vv

E-
Reference

functional block diagram

Certified Long Term Stability Device

(1) () CERTIFIED LONG
TERM STABILITY %‘;’:ﬂ%‘é‘;‘:
u pPmM MAX
O_0O 20 LM199AH-20
20 LM299AH-20
TOP VIEW
Order Number LM199AH, LM299AH 50 LM399AH-50

or LM399AH
See NS Package HO4A or HO4D
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absolute maximum ratings

Temperature Stabilizer Voltage 40V
Reverse Breakdown Current 20 mA
Forward Current 1 mA
Reference to Substrate Voltage V(rg) (Note 1) +40V

0.1V

Operating Temperature Range

LM199A -55°C to +125°C
LM299A —25°C to +85°C
LM399A 0°C to +70°C .

—-55°C to +150°C
300°C

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

electrical characteristics (Note 2)

LM199A, LM299A LM399A
PARAMETER CONDITIONS UNITS
MIN TYP | MAX MIN TYP | MAX
Reverse Breakdown Voltage | 0.5 mA <Ilg <10 mA 6.8 6.95 71 6.6 6.95 7.3 \%
Reverse Breakdown Voltage | 05 mA<lg <10mA 6 9 6 12 mV
Change With Current :
Reverse Dynamic Impedance | Ig =1 mA 05 1 0.5 1.5 Q
Reverse Breakdown -556°C < T <85°C LVI199A 0.00002 | 0.00005 %/°C
Temperature Coefficient 85°C < T4 < 125°C : 0.0005 |0.0010 %/°C
—25°C< T, <86°C  LM299A 0.00002 | 0.0005 %/°C
0°C < Ta <70°C LM399A 0.00003 | 0.0001 %/°C
RMS Noise 10 Hz < f< 10 kHz 7 20 7 50 uv
Long Term Stability Stabilized, 22°C < T, < 28°C, 20 20 ppm
1000 Hours, g = 1 mA £0.1%
Temperature Stabilizer Ta =25°C, Still Air, Vg = 30V 8.5 14 85 15 i A
o m.
Supply Current Ta=-55C 22 28
Temperature Stabilizer 9 40 g9 40 v
Supply Voltage (Note 3)
Warm-Up Time to 0.05% Vg =30V, T, =25°C 3 3 Seconds
Initial Turn-on Current 9 < Vg <40, T, = 25°C, (Note 3) 140 200 140 200 mA

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either

terminal of the reference is 40V more positive or 0.1V more negative than the substrate.

Note 2: These specifications apply for 30V applied to the temperature stabilizer and —55°C < TaL +125°C for the LM199A; —25°C < Ta <

+85°C for the LM299A and 0°C < Ta < +70°C for the LM399A.

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic

graphs to determine values.

typical applications

For typical applications,
preceding pages.

see LM199 data sheet on
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LM199A/LM299A/LM399A

typical performance characteristics

NOISE (nVA/Hz) REVERSE CURRENT (A)

INITIAL HEATER CURRENT (mA)

Reverse Characteristics
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National
Semiconductor

Voltage References

LM3999 Precision Reference

general description

The LM3999 is a precision, temperature-stabilized
monolithic' zener offering temperature coefficients
a factor of ten better than high quality reference zeners.
Constructed on a single monolithic chip is a temperature
stabilizer circuit and an active reference zener. The
active circuitry reduces the dynamic impedance of the
zener to about 0.58 and allows the zener to operate
over 0.5 mA to 10 mA current range with essentially
no change in voltage or temperature coefficient. Further,
a new subsurface zener structure gives low noise and
excellent long term stability compared to ordinary
monolithic zeners.

The LM3999 reference is exceptionally easy to use :

and free of the problems that are often experienced
with ordinary zeners. There is virtually no hysteresis in
reference voltage with temperature cycling. Also, the
LM3999 is free of voltage shifts due to stress on the
leads. Finally, since the unit is temperature stabilized,
warm up time is fast.

The LM3999 can be used in almost any application in

place of ordinary zeners with improved performance. °

Some ideal applications are analog to digital converters,
precision voltage or current sources or precision power
supplies. Further, in many cases, the LM3999 can
replace references in existing equipment with a mini-
mum of wiring changes.

The LM3999 is packaged in a standard TO 92 package
and is rated from 0°C to +70°C. '

features ' .
® Guaranteed 0.0005%/°C temperature coefficient
= Low dynamic’impedance - 059

/l Initial tolerance on breakdown voltage — 5%

® Sharp Bl'eekdown at 400uA l

®. Wide operating current — 500uA to 10 mA |

s Wide supply range for temperature stabilizer

® Low power for stabilization — 400 mW at 256°C

® 'Long term stability — 20 ppm

.schematic diagram

Temperature Stabilizer Reference HEATER SUPPLY
alv
REFERENCE
e {7+
S au Lo gw o
502 x5, s
an
a2 -
15 pF
Vo
_t;m
02 unj——-
63V ) -
> e
g -3
4
_GND
1]~
typical applications
" Basic Operation
9V T0 40V
<
2 R
S Rs
b3
>—
TEMPERATURE
STABILIZER
695V
: .
LM3999
=
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o

O | absolute maximum ratings

o Temperature Stabilizer Voltaée ‘ ‘ 36V

3] Reverse Breakdown Current 20 mA

E Forward Current 0.1 mA )

-l Operating Temperature Range 0°Cto +70°C :
Storage Temperature Range -65°Cto'+160°C ' ‘ ;
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1) .

PARAMETER - ‘CONDITIONS - ... - | ™iN..| TvP MAX | UNITS

Reverse Breakdown Voltage _06mA<Ig<iOomA . | 68 695 | 73 ; v
Reverse Breakdown Voltage 06mALI<IOmMA’ ‘ | v K " ] ‘ ) - ‘

Change With Current . L , 6 |,20 mv
Reverse Dynamic Impedance IR=1mA K o o 06 ‘22 ¢ o Q
Reverse quakdown Temperature : . v ' : [ : AR , . .o

Coefficient 0°c<Ta<L70°C 0.0002 | 0.0005 %/°C
RMS Noise ‘ ' 1 10Hz<F< 10 kHz 7. Y
Long Term Stability | * stabilized, 22°C < Tp < 268°C; o , . .

v 1000 Hours, Ig =1 mA +0.1% . .20 1 ppm
Temperature Stabilizer Ta =25°C, Still Air, Vg =30V | 120 s T mA
Temperature Stabilizer Supply- S h : .

Voltage’ o oo L ” N . 36 o . Vv
Warm-Up Time to 0.05% © | Ve=30V,Tx= 25°C - . B . 5, . . . Seconds
Initial Turn-on Current | 9<Vg<40,Ta=25C 1 140 | 200 | @ mA

»Not.e 1: These specifications apply for 30V applied to the temperature stabilizer and 0°c< TA L +70°C. e,

typical performance characteristics. - “ . ;

:

Reverse Chqrécteristicﬁ . Reverse Voltage Change . . . Dynamic Impedance ,
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- - - .,
typical performance characteristics (con‘t) o =
Heater Surge Limit Resistor vs
Heater Current (To Limit This Minimum Supply Voltage at OO
Initial Heater Current Surge, See Next Graph) Various Minimum Temperatures tD
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typical applications (con’t) (
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LM3999

‘typical applications (con’t)

0V to 20V Power Reference

ouTPUT
6.9V

25V o
To4a0v
<
>
< bk
<)
TEMPERATURE 5k % s
STABILIZER 2 e ANA AR
= 2k QAW VWA~
695V W . ]
F ov 1020V
. | LM3999 MYLAR ? yVvv 0ATO1A
. < I
) T g 100 pF ::Ik .
b T <
\
\
-5V
Precision Clamp* B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>