Slp\.'w O HS9414

SIGNAL PROCESSING EXCELLENCE

SOFTWARE PROGRAMMABLE, 12-BIT,
DATA ACQUISITION SYSTEM (DAS)

FEATURES

B MUX, inst. amp, S/H, A/D in a compact
40-pin DIP

W Software programmable gain instrumentation
amplifier (SPGIA)

m input and output offset adjust

8 126 dB dynamic range

DESCRIPTION

The HS9414 provides complete 12-bit data acquisi-
fion functionality in a 40-pin DIP. The HS94414 in-
cludes a 4-channel differential input multiplexer, a
software programmable instrumentation amplifier,
a sample and hold circuit and the HS574A, 12-bit, The HS9444 is offered in a ceramic package for

25usec A/D converter. Specifications are commercial (3°C to +70°C)and military (-55°C 1o
guaranteed for the complete system instead of for +125°C) applications with processing available in
each individual component. full compliance with MIL-STD-883C.
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SPECIFICATIONS

(Typical @ + 25°C. Voo = +15V, VEg = - 15V.V gaIc = +5Y
unless otherwise specified)
MODEL HS 8414 MODEL HS 8414
ANALOG INPUTS POWER REQUIREMENTS
Number of Inputs 4 Differential Power Supply Range + 15V, + 5%
Input Voltage Aange (G = 1) PSSR (All Supplies) %FSR1% Supply 0.002%/% typ, 0.005%/% max
Unipalar (- 1) o] l00+ 10V or +5V Current Drain
Bipolar (- 2) £1av +15V 22 mA typ, 27 mA max
| itt 3
Common Mode Voltage Range £ -~ iy Dt x Gan ) -15v 10 MA typ, 15 mA max
2 +5V 2 mA typ, 5 mA max
Diferential Mode Vollage Range L 200 - iCMvY Power Dissipation 490 MW typ, 655 mW max
Gan TEMPERATURE RANGE
input Offsel Voltage (Umipolary? Operatin
G=1 &05LSB RaiaC -0°Cto +70°C
G=10 100 50 W 9414B -55°C 1o +125°C
giégg e 58 :g 250 :V Q:: Storage -65°Clo +165°C
Input CH te CH Offset Voltage 2 W
CMRR NOTES:
3 : ! - ?&dgéytep _7730‘155"“:;)( 1 Inpm range selecled at factory.
G:woo G =500 —120dB typ HS 9414C-1 = +‘|0V01 +5V input
=199 5= e 08 3rac2 = LoV m
Input Dynamic Range 126 dB HS 9414B-1 = O'to + mv or +5V input
Input Bras Current 60 nA HS 94148-2 = + 10V input
Input Resistance 169 2. Assurnes pipelining — signal is applied to | A.. acquired by sample/hold and converted
Input Capactance 26 pF by A/D.
Input Offset Current 60 nA 3. Externally adjustable to zero. See Applications Information

input Noise Vollage 2 4V RMS, 10 uV p-p @G =500

DIGITAL INPUTS

R} g:\np_ms _
_RIC.Ay. 128
Loge 1 +2.0V min, +5.5V max PACKAGE OUTLINE
Logic "0 - 0.5V min, + 0.8V max
gurrenl 152 A max 2.116 MAX 0.250
apacitance 5pl t.— —-—.1 - MAX
Control Input. 12/8 Hardwire 1o V| agic o DIG COM 183.79) __ - s
Minimum Start Pulse T e
CS-Negative 120 nsec 40 21 o ’Ioo
RIC-Negative 120 nsec 0.800 pax -
LATCH 33 nsec 40 PIN (20.32) (15.24)
Data Set-Up Time 1 20 }_
MAQ. MA1. GAD, GA1 33 nsec . .
Fan-Out 1 TTL Load TOP VIEW t
0.020
SIGNAL DYNAMICS {0.51)
AJD Conversion Time ) " 725 usec typ. 30 psec max PIN (1) INDEX 0.025 +0.010
Sys\em Thioughput Rate? (0.63 +0.25)
G 10 (0.01% Sefting Accuracy) 28 6 kHz max DIMENSIONS
oo {0 015% Setthng Accuracy) 17 kHz max L inches
G 50D (0 02% Seftling Accuracy) 10 kHz typ _f 1 0.200 .. tmm)
Gain Switching Time and 0.100 +0.005 (5.08)
1A Settling Time - e (2.58 10.12) TYP
G=1.10 10 psec typ 0.018 +0.0
50 psec typ . +0.002
90 usec lyp (0.45 +0.05)
3 mHz
2.5mHz
G =100 100 kHz
G =500 20 kHz
SiH Acquisition Time 10 0.01% 10 psec max
S/H Aperture Jitler 50 psec lyp
SiH Feedthrough 76 08 PIN ASSIGNMENTS
Crasslalk (V) = 20V p-p sine wave) :gg gg ggosksz PIN FUNCTION PIN FUNCTION
1 CHO HI 40 LATCH
ACCURACY
mte%ral Lvneanryc 2 CHOLO 39 MAO
HS 9414C (0°C to +70°C) + /2 LSB max
HS 9414B (0°C to +70°C) kS '/; LSB max 3 CH1HI 38 MA1
VN 10 tax) +11.SB max 4 CH1 LO 37 GAO
Differential Lineanty
ng 24 :(B; %808 o _,;g:g, v tg? typ, 1 @E max 5 CH2 HI 36 GAQ
il °Cto + ) t typ, £ 1 max
i 10 tAx) +v LSBtyp, + 1 LSB max 6 CH2LO 35 Veg (+15Y)
No1 gAnsssmg Codes 096 . 7 CH3 HI 34 VEE (- 15V)
-Bits. °Cto 70
11-Bits ~55°C 10 +125°C 8 CH3LO 33 Analog GND
1<’@’3‘m(33'” Error @G :d‘: Got 0.1% typ, 0.3% max 9 Input Offset Adjust — 32 Digital GND
other gains referred to G =
G=10 0.02% typ, 0.1% max 10 input Offset Adjust + 1
100 0.03% typ. 0.1% max P jus 3 VLOGIC (+5V)
G =500 0.05% typ 1 Output Offset Adjust, Bipolar 30 12/8
Bipolar Dffsets +1LSBtyp, +3 LSB max cs
Tt 10 hax Ay 12 Ref Qut (+. 10\/), 29 Cs
DRIFT 13 Ref In, Gain Adjust 28 Ag
integral Nonfnearily 32 ppoC 14 Status 27 R/IC
Differential Nonlineanty +2 ppm/°C 15 CBO (LSB) 26 DB11 (MSB)
Unipalar Output Offset +10 ppm/ °C 16 DBt 25 DB10
Bipolar Qutput Otiset +10 pprm/ °C
Gan Tempco G=1 +25 ppm/°C 17 bB2 24 D89
REFERENCE 18 | pB3 23 | DB8
?[lvpu[ Voltage 10.00V nominal, + 0.1V max 19 D84 22 DB7
empco 430 ppmi°C typ, + 50 ppm/°C max
Qutput Current 15mA 20 0BE 21 DB6
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ABSOLUTE MAXIMUM RATINGS

Ve to Digital Common . . . . . . . 0to +165V
VEE to Digital Commaen .. e Oto - 16.5V
VL ogic to Digital Common . . . e .0t +7V
Analog Common to Digital Common ... .. ... .. .. . +1V

Control Inputs (CE. CS, A, 12/8, RIC, TATCH,
MAQ. MA1, GAD, GA1)to Digital Common .

Analog Inputs {REF IN. BIP OFF, CHO-CH3) to
Analog Common ... S L. 2165V

Input Offset Adjust Pins 9, 10 . .Vee v

REF OUT to Analog or Digrtal GND .. Indefinite short circuit
to +Vpp 100 ms short circuit

Valtage on Digital Outputs in Tn Slate Mode . +Veoo +0.5Vmax
Lead Temperature, Soldering . 300°C. 10 sec

. -0.8Vio vV ogIC +0.5V

APPLICATIONS INFORMATION

A/D CONTROL FUNCTIONS

The HS 9414 contains all control functions necessary
to provide for complete microprocessor interface and
also ‘stand alone’ aperation including continuous con-
versions. All A/D control functions are defined in Table
1 and Table 2.

FUNCTION DEFINITION FUNCTION

s Chip Select . Typically the address pin when
used with uP.

Must be low {0) for a conversion to
start ar read data at the output

1} transition may be used to
inihate conversion.

]

w

1 initate conversion
& initiate read

RIC Read/Canvert

N

Selects conversion mode. 12 Bits
if low (0). 8 Bits if high (1).

In read mode A, selects the out-
put format. if low {0) then 8 MSB's
{high and middle byte) or if high
(1) then only low byte and

trailing zeros

Aq Address

)

12/8 Output Format May be hard wired
Normal 12-Bit format if high (1).
8-Bit format as set by Ag

if low (Q)

[AN ST

Table 1. Defining A/D Control Functions

CONTROL INPUTS HS 9414 OPERATION
cs RIC 12/8 Ag
1 X X X No Operation
0 1 X o] Initiates 12-Bit Conversion
0 1 X 1 initiates 8-Bit Conversion
1 0 X [ Initiates 12-Bit Conversion
1 0 X 1 Initiates 8-Bit Conversion
0 Iy Pin 31 X Enables 12-Bit Parallel
Output
0 i Pin 32 0 Enables 8 MSB's
0 Iy Pin 32 1 Enables 4 LSB's and
4 Trailing Zeros
T 1 Pin 31 X Enables 12 Bit
Parallel Output
1 1 Pin 32 0 Enables 8 MSB's
By 1 Pin 32 1 Enables 4 LSB's &
- 4 Trailing Zera's
NOTES 1 1 indicates logic HIGH

0 indrcates logic LOW
X inaicates don 1 care
indicates operalion commences on low ta tigh transition
MSB —=XXXX XXXX XXXX--— S8
High Middle Low
Byte Byte Byte
Not a common use of this functon

Table 2. HS 9414 A/D Section Truth Table

OB -

@

SPGIA CONTROL FUNCTIONS

The HS 9414 has a 4-Bit transparent latch that selects
input MUX channel as well as Gain. The SPGIA control
functions are defined in Table 3.

NAME DEFINITION FUNCTION
LATCH MUX, Gain, 1. ¢ Update input MUX & Gain
Clock 2. & Hold input MUX & Gain
3. High (1} is hold mode
4. Low (0) is transparent made
MA1, MAO MUX Address Select Input MUX Channel
MAD MA1 CH
0 0 0
6] 1 1
1 Q 2
1 1 3
GA1, GAO Gain Address Select Gain
GA1 GAD Gain
o o} o(x1)
0 1 1(x10)
1 0 2(x100)
1 1 3(x500)

Table 3. Defining the SPGIA Control Functions

TIMING

The timing diagrams are shown in Figure 1. Note that
to start a conversion CS, and R/C must have an
overlap time of 120 nS minimum. CS and R/C may be
advanced or delayed if needed (by the application) but
no specifications are given for this — only the coin-
cidence of 120 nS must be met. Typically R/C is used
to initiate a conversion — however other lines may be
used. See truth table (Table 2).

In the READ mode note the access time tpp is

125 nS typ, 150 nS max. This means that an entire
conversion can be completed and read in 25.3 uS
typ, 30.35 1S max including setup, conversion time
and access time.
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Figure 1a. HS 9414 Interface Timing
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CONVERT CYCLE

SYMBOL PARAMETER
tHSC CS Pulse Width 120 nS min
HRC RIC LOW during CS LOW 120 nS min
HAC Apvalid during CSLow 120 nS min
SAC Maximum Aq delay from CS 60 nS max
Set up as shown (negative
time wrt” CS) nat needed
DSC STS delay from €5 150 nS min
ic Conversion time
8 Bitcycle 15 1S typ, 25 «S max
12 Bit cycle 25 uStyp, 30 uS max
s LATCH Setup Time 33 nS min
tLw CATCH Puise Width 33 nSmin

NOTE: No setup for CS. RIC or A is required. The oply condition that must be
satisfied is 120 nS coincidence, as shown. R/C, or CS, can be
advanced or delayed as needed as long as this condition is met. __
Should Ag be dejayed tgac 60 nS) then this must be added to CS
and R/C. This condition not shown above

READ CYCLE
DD Access time from CS LOW 125 nS typ, 150 nS max
tHL Qutput Float Delay 150 nS max

*wrl = With Respect Te

Figure 1b. HS 9474 Interface Timing

STAND-ALONE OPERATION

The HS 9414 can be used in a ‘stand-alone’ mode.
Connections and timing for this mode are shown in
Figure 2.

140 laa 38§37 {36
TATCHMAD MA1 GAD GA1
- = TN h
{ \
Vo CHO-CH3
(]
= A STATUS
32
DIG GND pent
(MSB)
vee Rs 7% ANA GND
= | Yiooo
100k LRz ] pip oFFsET
100k n
HS 9414
vee 12
j—{ +10V REF OUT
- 4 DBO
1009 ¢ o (LSB)
13] RerIN
10
+
vee— INPUT OFFSET

TS 12

VLOGIC

12 BITS

Figure 2b. Unipolar Stand-Alone Connections with Offset
and Gain Adjustments

a0 139 38
LATCH MAD  MA1

{40 las 38 37 436
[ATCH MAD MA1  GAD  GAl
T T e
[
P CHO-CH3
status P4
ANA GND S
DIG GNO (MSB)
HS 9414
12 8178
5 1Y gip oFFSET
1000 352
112} | 1ov rer our pBo |15
Y (LSB)
1002 S=h1 13
REF IN
1| ,
vee—=3 159 | NpuT OFFSET
- AIC Ao cs 128

T 27 28 29 lao
VLOGIC
Figure 2a. Bipolar Stand-Alone Connections with Offset

and Gain Adjustments

“Trimpots can be 300Q far greater range adjustments.
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Figure 2c. No Trim Unipolar Connections
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1 40 ln 38 437 36
TATCH MAC MA1  GAD  GA?

_— = T
T Y
[
- CHO-CH3
\ 7 14
— STATUS [~
32
DIG GND pe11 |26
331 ANA GND (MsB)
HS9414
12 TS
1 gip oFFSET
so2 3 A2
” peo 115
+10V REF OUT oo
so2 3 A1
REF IN
10,
INPUT OFFSET
8~ R/C Ao cs 128
27 [28 |29 30
\% vioaic

Figure 2d. No Trim Bipolar Connections

R/C NEGATIVE PULSE

[=—CONVERT CYCLE—{=— READ —~!
\ » | CYCLE

RIC “_—(— e : i

sTS
(STATUS, 5TH) ro [ ! i

I‘O——SPGIA-——ﬁ-"

oo !
| / etm—
DATA VALID PREVIOUS | 1! DATA VALID
0B11-080 CONVERSION HE T \NEW CONVERSION
[ (4

mm.—r—o'l ! sl —
Ir-—tps-.l——tc_—.l

CONVERT CYCLE
SYMBOL PARAMETER
tHRL Low RIC Pulse Width 100 nS min
os STS Delay from RIC 200 nS max
Ic Conversion Time 30 S max
HS Data valid after STS low 70 nS max
tSPGIA Software programmable gain

instrumentation ampiifier and S/H
settling time after input MUX, gain
or input signal change

READ CYCLE

1. Data always in read mode except during a conversion in which data lines revert
1o high impedance or when R/C goes low (0).
2 Output always valid after conversion is compiete.

R/C POSITIVE PULSE

fe—— CONVERT CYCLE——»e-BE80 |

y | CYCLE
RIC. —4 IS ,‘f—;——{_jl
f i
s 1 \__ + )
(STA%[JS,EIH) . ll | fl
prog Ry e SE— RIS
1SPGIA]

Hieh . HIGH IMPEDANCE b p—

0811080 MPEDANCE h Wy irgrm)
l NEW CONVERSION
DATA VALID ' | Y/

|
PREVIOUS CONVERSION | LtiRHeiafDS—=te—tC—=i 1|

topR—+1  Te—- | DDR—| (+—
L«—tHDR

CONVERT CYCLE
SYMBOL PARAMETER
tHDR Valid Data (Previous Conversion) 100 nS min

after RIC low

tHRH High RIC Pulse Width 90 nS min
tos STS Delay from RIC 200 nS max
1DDR Dala Access Time 150 nS max
ic Conversion Time 30 uS max
1SPGIA Software programmable gain

instrumentation amplifier and S/H
setlling lime aiter input MUX, gain
or input signal change

READ CYCLE

1. Converter output remains in high impedance state after conversion
(STS goes low) until R/C goes high {to read data).

Figure 3. HS 9414 Stand-Alone Operation
Top: Using Negative R/C Pulse
Bottom: Using Positive R/C Pulse

INCREASING THROUGHPUT

To minimize added set-up delay, overlapping the multi-
plexer channels can significantly improve throughput.
The technique involved is the same as normal opera-
tion; however, instead of waiting for the A/D to com-
plete a conversion before selecting a new multiplexer
channel, the new channel is selected at the start of the
A/D conversion. By doing this, the A/D digitizes the
analog voltage that is held in the sample and hold and
the new multiplexer channel’s voltage can start to settie
through the multiplexer and intrumentation amplifier.
An added 25 S (A/D conversion time) can be saved
from the front end settling time required by preselec-
ting the new channel. After the A/D is finished conver-
ting, the sample and hold will switch back to sample to
acquire the newly selected channel’s voltage and the
process repeated.
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DIGITAL
out

INTERFACING THE HS 9414 WITH

ANALOG
N t 8-BIT MICROPROCESSORS
SIGNAL PATH | speia | spaia+sm | ap | | The HS 9414 which has 12-Bit data can be used
t1t0 t1 1213ta ts 16 t7  tatgtio directly with popular 8-Bit microprocessors. The data
[ N R however, must be muitiplexed by setting the output
RIC mode select 12/8 pin to GND.
MY ~
i ! b In the first case, a 6800 (or 6502) is used. See Figure 5.
STATUS ; 1 [
s O : :2
! [
—_— i i / [ r I”
LaTen [ N — [ — TREQ sTs
Lo 1 [ ! DATA
[ 1 [ | BUS <r 8 HIGH BYTE
Lot \ . ! (or LOW BYTE)
MAOQ I i i | | |
X X5
o L .
[ | 6800 MIDDLE BYTE
_ b : or 6502
cs A\ S W 21} aic
HS 9414
42
29}
0800811 HIGH IMPEDANCE VALID HIGH IMPEDANCE VALID A5 SEENGTE . s
L Ll I R o i
11 to t t2t3l4 ts t6 tz tg to 110 _Eo

Figure 4. HS 9414 Pipeline Timing for Highest Throughput

tqto R/C puise starts new conversion and sample and hold goes to hold
mode.

lotp  New SPGIA gain, new input MUX channel and new input signal while
the A/D is converting.

t3tg  Sample and hold samples the new input signal
t3t4 A/D data from the last signal is retrieved.
i5tg  RIC starts conversion of the new input signal.
t6 Sample and hold holds the new signal.
te-tz  Next SPGIA gain, next input MUX channel and next input signal.
tztg  The new signal is converted.
t10 The new signal digital data is retrieved.
NQOTE: Pipeline delay from tg to t1g
Throughput is 11tg to Hz

SPGIA settling time from tg to tg
S/H acquisition time from tp to tg

USING THE Ag LINE

The state of the Ag line at the start of a conversion
places the HS 9414 in either a full 12-Bit conversion or
in an 8-Bit ‘short cycle’ mode. During a READ at the
end of a conversion the Ag line is used to format the
data as follows:

1. Prior to Conversion
MODE

Ag=1
Ag=0

2. After Conversion (READ)
Ap=1

Ag=0

Ina_uP application the Ag line can be considered a pair

of WR locations as follows:

1. Prior to Conversion (WRITE)

WR=0n low address (Ap =0}
WR=0in high address (A5 =1}
2. After Conversion (READ)
WR=1in either address (Ag=X)
WR=1in high address (A= 1)
WR =1 in low addregs (Ag=0)
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Short cycle 8-Bit conversion
Full 12-Bit conversion

Data = Low Byte (LSB)

followed by zeros

Data = High Byte (MSB's)
followed by middle and low byte.

MODE
Full 12-Bit conversion
Short cycle B-Bit conversion

Full 12-Bit word with 12/8=1
LSB’s & zeros when 12/8=0
8 MSB's only when 12/8=0

NOTE 1. Decoding may be needed for a large system.

Figure 5. Interfacing the HS 9414 and a 6800 nP

The STATUS (STS) is tied directly to IREQ which is the

interrupt line. When STS goes to O (at the end of a con-
version) the 6800 may either service the interrupt or be
timed for 30 S (since this IREQ is software maskable)
the time required for a conversion.

Figure 6 shows the 8080A P as interfaced with the
HS 9414. In this case, a 8228 controller is shown with
gates to generate needed signals.

DATA AND DATA HIGH BYTE
CONTROL BUS 8 {or LOW BYTE)
BUSES l:

8228
SYSTEM
CONTROLLER
VEMR  WEWW MIDDLE
MEMR MEMW
8080A -1 &
RIC
HS 9414
A5 Do 28
Ao Ao
12/8
30

Figure 6. Interfacing the HS 9414 and 8080A P
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Figure 7 shows the HS 9414 connected witha ~_
8048 uP. A single AND gate is used to generate Cs.

Y HIGH BYTE
(or LOW BYTE)
8048 HS 9414
MIDDLE BYTE
27} i
WwR _
i 5 cs
RD
PORT 2 29] A,
(BIT 1) d
12/8
L

Figure 7. Interfacing the HS 9414 with a 8048 uP.

A summary of uP types and connections is in Table 4.

MICRO-
PROCESSOR HS 9414CONTROL INPUTS
RIC cs Ag
8080
MEMORY MAPPED (MEMR) As
lie] DECODED
PROGRAMMED (TOR) ADDRESS
10
6800 RAW DECODED Ao
ADDRESS
6502 RW DECODED Ag
ADDRESS
z80 —
MEMORY MAPPED (RD) DECODED Ao
1O ADDRESS
— WITH MREQ
PROGRAMMED (D) DECODED Ao
/o ADDRESS
WITH IOR
8048 D) PORT 2¢.3" PORT 2¢.3"

*Port 2. Lines 0-3 can be used as a 4-Bit address bus. System address decoding
requirements vary from no hardware to a fully latched 12-Bit address. depending on
system complexity

Table 4. Summary of HS 9414 Control inputs
with Variaus Microprocessors

ENABLING DATA IN 8-BIT OUTPUT MODE

For an 8-bit system Figures 5, 6 and 7 show no direct
connection of the low bytes. Hybrid Systems has pro-
vided internal multiplexing prior to the output tri-state
drivers of the MSB's and LSB's. During the READ
cycle when Ag =0 the 8 MSB’s are enabled and
appear on pins 19-26. When Ag =1 the LSB'’s are
multiplexed onto pins 23-26, pins 20-23 to 0", and
pins 15-18 float (High Z). The LSB’s may be hardwired
directly to the MSB's (23-26) with no loss in system
performance but this will decrease the system
versatility.

A recap of the output data in an 8-bit system is as
follows:

CONDITIONS
1. 12/8 (pin 2) grounded or at 0"’
2. READ cycle.
OUTPUT
Ao State 23-26 (High) 19-22 (Middle) 15-18 (Low)
a MSB Data Middle Bit Data Float
(Bits 1-4) (Bits 5-8) (High 2)
1 LSB Data 0O’s Float
(Bits 9-12) (High 2)

USING THE LATCH LINE

The LATCH line controls the internal 4-Bit transparent
latch that holds the input MUX channel number (MAO,
MA1) and the gain selection word (GAO, GA1). A low
(0) on this line updates this latch and a high (1) holds
the new word.

If the system where the HS 9414 is being used already
has fully implemented output ports, then the LATCH
line may be hardwired low so that an output port may
contro! the timing of the input MUX and SPGIA gain
directly. (See Figure 8).

— | 40
LATCH <7
ki
MAO 9 Do
38
MA1 D1
OUTPUT PORT
HS 9414 oR
HARWARE
37 SEQUENCER
GAD 02
Gat |28 D3
Figure 8.

If the system does not have available output ports for
the input MUX channel and gain selection, then 4-Bits
from the system data bus can be directly tied to the
MAOQ, MA1, GAD and GA1 lines. Port address control
decoding circuitry is connected to the LATCH line so
that the 4-Bit data is grabbed from the system bus at
the proper time. (See Figure 9).
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Vg N
CONTROL
AN

g N
ADDRESS
N—

DECODER

40

LATCH

39 3

38

MAl ————————
4-BITS FROM

THE SYSTEM
DATA BUS

HS 9414

37
GAO

36

Figure 9.

OUTPUT OFFSET AND GAIN ADJUSTMENT
AT GAIN =1

The output offset and gain adjustments are used to
calibrate the A/D section at a gain of one. The HS 9414
is normally used with external zero and gain calibration
potentiometers. However, if maximum accuracy is not
required, they may be omitted. If no trims are used, the
gain of one calibration will be within approximately

+ 2 LSB zero offset error, and + 12 LSB maximum full
scale error. See Figure 2c & 2d for connection with no
trims. If gain and zero adjustment potentiometers are
used, they should be connected as shown in Figure 2a
& 2b. The zero control has a range of about +20 LSB,
and the gain control has a range of about + 13 LSB.

Proper gain and zero calibration requires great care
and the use of extremely sensitive and accurate in-
struments. The voltage source used as a signal input
must be very stable. It also should be capable of being
set to within 1/10 LSB at both ends of its range.

The HS 9414’s zero and gain adjustments are indepen-
dent of each other if the zero (or offset) adjustment is
made first.

SPGIA INPUT OFFSET ADJUSTMENT
AT HIGH GAIN

The HS 9414 provides input offset adjustment to allow
calibration of input offset errors to less than 5 uV
(<2 LSB @G = 500) at high gains. The initial offset
erraor before calibration is typically less than 50 uV or
250 puV maximum at G = 500. This input offset error
may be adequate in some applications, and input off-
set adjustment may be omitted. See Figure 2 for the
various adjustment options.
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Proper use of the input and output offset adjustment
pots results in an offset free system regardless of
SPGIA gain setting or input channel. This can be
achieved by calibrating the A/D section output offset
and gain adjustments first and the input offset second.
After the input offset is adjusted at G =500 the output
offset at G = 1 may need a minor adjustment.

A/D CALIBRATION

1. Center input offset pot if used.

2. Set SPGIA gain to one.

3. Tie channel LO to analog ground (Pin 33) and
apply the input voltage standard between Hi and
LO of that channel.

4. Make sure that the voltage standard is grounded
externally only at the input channel LO.

ZERO ADJUSTMENT PROCEDURE

1. For unipolar ranges:
a) Set input voltage precisely to + V2 LSB.
b} Adjust zero control until converter is switching
from 000000000000 to 000000000001.
2. For bipolar ranges:
a) Set input voltage precisely to %2 LSB above
-FS.
b) Adjust zero control until converter is switching
from 000000000000 to 000000000001

GAIN ADJUSTMENT PROCEDURE

1. Set input voltage precisely to V2 LSB less than “all
bits on” ideal value. Note that this is 1¥2 LSB less
than nominal full scale.

2. Adjust gain control until converter is switching from
111111111110to 111111111111,

Table 5 summarizes the zero and gain adjustment pro-
cedure, and shows the proper input test voltages used
in calibrating the HS 9414,

SPGIA OFFSET CALIBRATION PROCEDURE

1. Calibrate the A/D section first.
2. Set the SPGIA gain to 500.

a) Apply 2 LSB to the input channel via a 500:1
attenuator as shown in Figure 10 or via the
external front end circuitry. Y2 LSB at gain of 500
is 4.8 uV for 20V range units (HS 9414X-2) and
2.4 WV for 10V range units (HS 9414X:-1).
Unipolar configuration:

Adjust input offset pot until converter is switching
from 000000000000 to 000000000001

Bipclar configuration:

Adijust input offset pot until converter is switching
from 100000000000 to 1000G00000001

b

~

o

2003



Adjust input to point
where converter is
Ideal Input Voltage Value just on the verge of
Voltage Adjust- switching between
Range ment GAIN =1 GAIN=10 GAIN = 100 GAIN =500 the two codes shown.!
ZERO 1.22mV 0.122mv 12.2uV 2.4uV 000000000000
Oto +10V
GAIN 9.9963V 0.99963V 99.963mV 19.9926mV 111111111110
ZERO —4.9988V -0.49988V —49.988mV 9.9976mV 000000000000
+5V
GAIN 4.9963V 0.49963V 49.963mV -9.9926mV 111111111110
ZERO -9.9976V —0.9976V -99.976mV —19.9952mV 000006000000
+10V
GAIN 9.9927V 0.99927V 99.927mV 19.99859mV 111111111110

Power ed

NOTE 1. Codes shown are natural binary for unipotar input ranges and offset binary for bipolar ranges.

The term '@ is the transition between a logic 0 and a logic 1 state

Table 5. Calibration Data

POWER SUPPLY CONSIDERATION

Power supplies used for the HS 9414 should be
selected for low noise operation. In particular they
should be free of high frequency noise. Unstable out-
put codes may result with noisy power sources. It is im-
portant to remember that 5 uV is 1 LSB for a 10 volt
range, at a gain of 500.

Decoupling capacitors are recommended on all power
supply pins located as close to the converter as possi-
ble. Suitable decoupling capacitors are 10 uF tantalum
type in parallel with 0.1 F disc ceramic type.

GROUNDING CONSIDERATIONS

To insure maximum accuracy, the HS 9414 has a
separate analog and digital ground; these two grounds
must be routed properly to prevent DC and transient
errors.

DC errors can be caused by current flowing through a
run resistance between the system ground reference

and the DAS ground reference. (One mA through 2.52
will cause an LSB of error.) The best way to prevent
this type of errar is to connect the digital and analog
grounds very close to the HS 9414 and use this point
as the system ground. This can be done as a so-called
“'star ground” as shown in Figure 11. The single com-
mon ground reference insures no ground current or
ground loop errors.

+15V

| | piGimaL
CIRCUITRY

DIGITAL

+15V HS 9414 CIRCUITRY

] IR »

ANA GND

34
- 15V
L34 pig ano

+5V

- 15V |
+5vV

5kQ 1%
* H INPUT
1093
CHANNEL
VS%LJ:(?EE % 4—— o Figure 11.
——— ANA GND
33 HS 9414
32 DIG GND
1 ANALOG FRONT END
- + . e . .
vee 10| \\PUT OFFSET ADJUST If the circuit is to be used at or near its maximum
1okef 8| _ throughput rate, care must be used to prevent
dynamic errors due to source impedance at the multi-

Figure 10. Suggested SPGIA input Offset Calibration Circuit

plexer inputs. If a low-pass anti-alias filter is used

at the analog inputs (Figure 12a), it is suggested that a

buffer be used (Figure 12b) to eliminate charge-transfer
errors between CFILTER and CMUX,AMP (Figure 12c).
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HS 8414

Rs  AFILTER

mMux
ANALOG
IN

Figure 12a. (Not Recommended)

HS 9414

MUX
ANALOG
IN

Rs  RFILTER

vs CFILTER

I

Figure 12b. (Recommended)

{HS 9414
Rs RAFILTER ) AMUX

Vs § CFILTER i__

| cmux, ame

I

Figure 12c. (Equivalent Circuit of 12a)

The HI and LOW inputs for each channel are adjacent
to each other in the package. This simplifies layout of
closely spaced Hl and LO lines and eases connection
of shielded and twisted pairs for each channel. (See
Figure 13). These wiring consideration are particularly
important at high SPGIA gain settings. The close prox-
imity and similarity of the Rl and LO conductors also
reduces thermoelectric errors due to Seebeck effect.

_____________ N T T T T

GROUNDED GUARD

|

|

)

|

l

1

|

|

i

|

|

|

|

{

1
I’T(‘ >
|
|

r-

CHO HI
CHO LO

CH1 HI

e CH1LO

— 51 cHz HI

+—+ 81 cHz2L0

T T T - T T T T T T T H cnam

+— — 2 cHaro
—-Kf——:E _______________ 1 HS 9414

TWISTED SHIELDED PAIR ANA GND

Ll o=

[

DIG GND

Figure 13. Recommended Input Wiring Layout

DYNAMIC PERFORMANCE CONSIDERATIONS

The analog signal path in the HS 9414 has a
characteristic settling time for each gain setting. If
maximum accuracy is desired, enough settling time for
each gain setting must be allowed. If not, each new
conversion may have vestigial amounts of signal from
the previous conversion. This phenomenon also
manifests itself as poor crosstalk performance among
successively converted channels or input signals.
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Coherent noise coupling and input MUX crosstalk is
more detrimental at certain time slots of the DAS
pipeline (Figure 4) than others. System coherent noise
spikes and adjacent channel dynamic swings will affect
the signal that is being converted more severely if they
happen in the last 1 to 10 us before the status line
goes high.

When switching the SPGIA to a higher gain it is impor-
tant to make sure that the input MUX is not switched to
the new low level signal later than the gain. Momentary
saturation may occur while the signal presented to
SPGIA is still high level and the new gain is high.

FIXED GAIN ASSIGNMENT FOR
EACH INPUT CHANNEL

The HS 9414 has four input channels and four
independent gains. Any input channel can be software
or hardware programmed for any gain in any
sequence of DAS conversions. However, in some
applications it suffices to preassign a fixed gain for
each channel. This reduces the number of SPGIA
control bits from four (MAO, MA1, GAD, GA1) to two
(MAQ, MA1). Figure 14 shows an implementation of
this configuration using a dual 4-input multiplexer.

LATCH
MAQ
MA1
+5V
A _T
1 16
|40 Vi
hvew g 1518 cc
39
MAD
i 2l g 2578 12
ol
o 54153
HS 9414 GAD 3| 13 all
Gar £ HARD | 41,5 a3 13—
WIRE 5 212 |12 HARD
toro | —4| 11 11 > WIRE
—1 10 21t o | 1oro
A 1 210
g GND w5
EXAMPLE:

210, 110 = 1,1 CHO HAS GAIN OF 500
211,111 = 0,0 CH1 HAS GAIN OF 1

212, 112 = 1,0 CH2 HAS GAIN OF 100
213, 113 = 0,1 CH3 HAS GAIN OF 10
INPUT CHANNEL | ASSIGNED GAIN AT:
CHO 2i0, 10
CH1 21, m
CH2 212, 12
CH3 213, 113

Figure 14. Input Channel Assigned Gain
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UNIPOLAR/BIPOLAR CONFIGURATION

The HS 8414-2 units are 20 volt range units which must
be operated in bipolar configuration to give a + 10V
input signal range (for unity gain amplification). The

HS 9414-1 units are 10 volt range units which can be
operated in unipolar or bipolar modes. Refer to Figure
2 for various configurations. 34 OF 74LS00
OR CD4011
ADDR2
INPUT EXPANSION ADDR1
The DAS is configured with a 4-channel differential ADDRO
input. In the event the user wishes to increase the ENAT  AO
npmber of input channels, examples of input expan- . s
sion are shown in Figure 15. +ou +2 +ING
HI-509A +31—— +IN7
Ol
Moxza -0 F— Ting
ADDR2 ADDR1 ADDRO ACTIVE CHANNEL our 2 E ZiNe
- —IN7
0 0 0 NONE 2
0 0 1 £IN1
0 1 0 +IN2 Figure 15. Input Expansion for HS 9414
0 1 1 +IN3 (From 4 to 7 Channels)
1 0 0 +IN4
1 0 1 +IN5
1 1 0 +IN6
1 1 1 +IN7

ORDERING INFORMATION

é-a%:_) MODEL INPUT TEMPERATURE
MAX l %23_55!; NUMBER RANGE RANGE SCREENING
| |e(E
oo el 1 MAX HS 9414C-1 10V 0°Cto +70°C —
T_ HS 9414C-2 20V 0°Cto +70°C —
oom ‘ 0.600 0.400 HS 9414B-1 10V —55°Cto +125°C 883C
ﬂ:f;’ (15.24) HS 9414B-2 20V —55°C 10 +125°C 883C
P4
ol 20e
0.020
TOP VIEW .51)
PIN (1) INDEX 0.025 +0.010
I (*6.65 10.25)
""""""""""" ‘T—I 0.200 | DIMENSIONS
! (:::) inches
-—D.100 +0.005 (mm)
ox s Tt A

0.!?1 8 2: 0:002
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