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DESCRIPTION

The LD120 and LD121A form a precision 4 1/2 digit A/D
converter system for use in display and microprocessor
based data acquisition applications. Based on Siliconix’s
“Quantized Feedback” technique, intrinsic features include
auto-polarity, aute-zero, and ratiometric operation. Except
for a stable reference, no critical components are required
to achieve rated performance. The technique used offers
superior linearity, normal mode rejection, and stability due
to the simultaneous integration of the unknown input and
the reference voltages. Unlike other conversion tech-
niques, the integrator output voltage never represents
more than 100 counts. Thus, critical, high resolution per-
formance is not required of either the integrator or the
comparator.

The LD120 analog processor is fabricated with a unique
PMOS/Bipolar process. It contains all the necessary ampli-
fiers, MOSFET switches, and switch driver circuits for the
system. The reference voltage input is fully buffered in

LD120 to eliminate the reference switch resistance as a
source of error. All the amplifiers are internally compen-
sated. The LD120 directly interfaces the LD121A digital
processor with no additional active components required.

The LD121A synchronous processor contains all the dig-
ital circuitry for the quantized feedback system. Device
outputs supply two overrange signals, underrange, sign
and 4% digits of multiplexed BCD data. (All outputs are
TTL compatible). Overrange is also indicated by blinking
digit strobes above 20,000 counts. An input is provided to
inhibit this feature at user option. Microprocessor con-
trolled operation is simplified by a start conversion input
that allows conversion-on-command.

Both devices are supplied in space saving 300 mil dual-in-

line plastic packages. The LD120 has 16 pins and the
LD121A has 18 pins.
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LD120/LD121A -

ABSOLUTE MAXIMUM RATINGS
VINRLPID 15:20LD120) <6 nvsiviaisinamars V-< VN < V+ Operating Temperature .........cvvvescannes 0to 70°C
HNPUTHEDAROY o aiess v o Sl Samei s L A% S0 +1 mA Storage Temperature . . 65 to 125°C
b g U 2 240 RSSO oo, 7t BT i 18 32V Power Dissipation (Package)™............ov0.. 750 mw
S 45 | B LR s e e S e ol e *Device mounted with all leads welded or soldered to PC
ANy PR LD AN e i s Vpp to Vgg = 0.3 Board. Derated 6.3 mW/°C above 25°C
N REF 7610 3151 0 T s, o e 0 BT Vb 4 e om0 V+
ELECTRICAL CHARACTERISTICST Tp =25°C
TEST CONDITIONS LIMITS
PARAMETER SYMBOL UNLESS OTHERWISE NOTED: UNIT
V=12V, M-=Vpp=-12V. Vgg =5V MIN2 TYP3 MAX
. ~ 2V Scale -1 £1/4 1
Linearity
200 mV Scale =2 t1/2 2
Count
qi - 2 V Scale 1/3 1
o huiae foLk = 163.84 kHz| 200 mV Scale 172 2
g Normal Mode Rejection Flaulo NMAR VREF = 8.8V ST 40 £
Power Supply Rejection Ratio PSRA 80
Gain T.C. 5 15 ppm/°C
Zero Drift | [Cstha = 1 &F. Rjy = 100 ki 1 5 Count
Analog Input Voltage VANALOG 5 5 v
& | Cutput Source Current ISOURCE Vin =2V, Buff Qut=0V —100 50 >
E Qutput Sink Current ISINK Vin=-2V,Buff Qut=0V 400 800
@ | Input Current N Vip = 128 V 2 pA
E Common Mode Rejection Ratio CMRR -72 dB
2 Input Current/Input Voltage High IH Mz, U/D Inputs Vin =20V 20 A
Input Current/Input Voltage Low s Vin =08V 100
& | Output Source Current ISOURCE -100 i
o« g Output Sink Current I5INK 800
| @ [Offset Voltage VOFFSET VouT =9V -50 50 my
% ﬁ Switch Resistance (un)g VSTRG = 4 V. Ipg = 30 wA & 20 ke
g_ ht Reference Buffer Source Current ISOURCE Vin (U/DIN) =08V, Vg =0V ~800 -400
0 | 2 Reference Buffer Sink Current ISINK Vin (UDIN) =20V, Vg =2V 100 A
-5 Integrator Source Current10 ISOURCE Vin (Int. IN) = -100 mV, Vg = 0 V -100 -50
“li"s Integrator Sink Gurrent10 ISINK Vin (Int. IN) =100 mV, Vg =0 V 400 800
‘5 Output Swing -10 10 v
% Comparator Output Voliage VouT 5 EIII-_T:E:ROIRIE ?O\t; o -5
0 | Comparator Offset Voltage VOFFSET INTEGRATOR OUT =0 V -5 5 my
= Positive Supply Voltage VH+ 9 12 15 v
& | Negative Supply Voitage V- -15 -12 -9
% Positive Supply Current I+ 3.5 o
Negative Supply Current = -35
o Input Voltage High ViNH Compﬂrgtoer Input, Sign/UR/OR/ 4 7
5 [ Input Voltage Low ViNL Blink®, Start, CLK IN 05
% Input Current/Input Voltage High IINH Vin=5V (SignlORfUHs) 170 300 A
~ [Input Current/input Voltage Low TINL Vin = 0V (Start Convert, Clock) ~400 -150
Output Voltage High VoH Sigglggﬁah. o = 40 pA 2.4
« | Cutput Voltage Low VoL Digit Strobes loL = 16 mA 0.6
- § Output Valtage High VoH i loH = ~150 pA 4 v
E 5 Output Voltage Low VoL loL = 0.8 mA 0.6
| ©| Output Voltage High VoH lgH = ~0.5 mA 4
E Output Voltage Low VoL i loL = 0.8 mA 0.6
a g Start Convert’ to 20 us
= g | Clock Frequency foLK 50% Duty Cycle 50 250 kHz
‘A | Rep Rate (Strobes) foLk 640 78 470 Hz
= Positive Supply Voltage Vss Range Over which 4.5 5 55 v
& | Negative Supply Voltage Vbp Functionality is Guaranteed =132 12 -10.8
% Positive Supply Current® Isg 14 25 -
Negative Supply Current Ipp —25 34
NOTES
(See next page)
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ELECTRICAL CHARACTERISTICST (Cont.) LD1 20/LD121A-]

TEST CONDITIONS LIMITS
PARAMETER SYMBOL UNLESS OTHERWISE NOTED: UNIT
Vit = 12Vo V== Vg = =12V, Vgg =5V MIN2 TYP3 MAX
f = 1683.84 kHz, V| =68V

Zero Dt Cic_gme = { gF, Hi:sEFmD kL 2 =niciit
NOTES:
1. Refer to PROCESS OPTION FLOWCHART for additional information.
2. The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data sheet.
3. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
4. System parameters not directly tested.
5. Bit width over which reading is stable 85% of the time.
6. Pin characteristic only during Dy strobe time.
7. Minimum positive going pulse width to initiate a conversion.
8. All outputs disconnected.
9. VgTRG must be more positive than —4 V.
10. Reference source impedance must be less than 10 k.

INPUT/OUTPUT SCHEMATICS
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FUCTIONAL SYSTEM OPERATION

LD120/LD121A-

Timing: The external oscillator is divided to generate a 2-¢
clock on the synchronous digital chip. A time base generator
divides the clock frequency into sampling intervals of
49,152 pulses of which 16,384 pulses are the Auto-Zero
interval and 32,768 pulses are the measure interval.

Auto-Zero Interval: The connection diagram in Figure 1
illustrates the system during the Auto-Zero interval. The
input buffer is switched to reference ground and supplies
a current equal to its offset voltage divided by Ry to the
integrator summing mode. The U/D buffer is toggled by the
digital processor between Vggg and ground with a 50%
duty cycle. This results in a current flow equal to VRgfg/
Rq to the summing node half of the time. The AZ capaci-
tor, CSTHGn assumes a voltage, VSTRGr that is equal to
the average value of integrator output. The AZ buffer
supplies a current to the summing node equal to the
VsTRG voltage divided by R3.

The system will reach an equilibrium when the sum of the
DC currents into the summing node equal zero. At this
time, the current through H3 equals —% VREF/R‘I plus
the small currents necessary to cancel the offset of the
input buffer and integrator input bias current. Capacitor

CgTRG "‘stores” VgTRG when the AZ switch opens at
the end of the Auto-Zero interval. The digital BCD counter
is inactive during Auto-Zero. It is reset to zero during the
last clock pulse of the Auto-Zero interval.

THE U/D CONTROL DURING THE MEASURE
INTERVAL

The U/D buffer is switched to Vggg when the U/D control
is low. In this state the currents through R4 and Rg sum to
% VREg/R1. A high level on the U/D control connects the
U/D buffer to ground. During this state the sum of the
currents through Rq and R3 sum to —% VRgp/Rq. Inone
clock cycle, a charge equal to VRgfr/2R1f|N coulombs is
either added or subtracted to the integrator capacitor.
The BCD counter is decremented for each addition of this
quantized charge and incremented for each subtraction of
quantized charge.

THE MEASURE ALGORITHM

The input is connected to V| during the measure interval
and supplies a current to the integrator equal to V|y/R2.

SIGN/ BCD OUTPUTS DIGIT STROBES
UR/ START  p——a——
VREF ORCONVERT  Bp By By By Dy Dy D3 Dy Dg
(o]
%o q’u 7 ?e ?10?11?12 ?2 ?1 ?15?17?1,
REFERENCE BUFFER L Ty Do
INPUT BUFFER BUFFER UFFERS
15 1. 9/B=d
VinO—Tv ] e 07 »i
IMULTIPLEXER]+
2
HIGH — :
OUALITY_EO— | TNTE- = w42
GND = = GRATOR
I COMPARATOR i LOGIC LATCHES
| ‘—‘l 4% DEGADE I:‘”l MODULO 5
COUNTER 5 COUNTER/
| AzBUFFER _l W TiE% 4 DECODER
| ® 3—0—-0--5—«' l¢—— MODULO 16 e 44
DUTY CYCLE MODULO 128
| > COUNTER [* ¥2 COUNTER
B0 P—) + +
: 1ds s &1 b2
1 MODULO 49162
| (ST R R e i 4—- T eLocK |3 SAMPLE PERIOD
GENERATOR |2 COUNTER
16 6 7 13 B 14 é‘ls 4
& 6 AZ FILTER L o J)
v+ V- 75K 0 CLK VSS Vop GND
ANALOG A5
GND Vo
Icsms
LD120 LD121A

Connection Diagram
Figure 1

3-16

Siliconix



FUNCTIONAL SYSTEM OPERATION (Cont.)

LD120/LD121A+

This causes the integrator output to move away from
VSTRG: The digital processor attempts to keep the inte-
grator output near VgTRg by adding or subtracting
quantized charge to CNT- The net amount of charge
required to accomplish this is totaled by the BCD counter.
The BCD count at the end of conversion equals the number
of charge parcels necessary to cancel the input current
supplied through Ry. The resulting count is proportional to
the voltage at V|-

U/D DUTY CYCLE CONTROL DURING THE MEASURE
INTERVAL

The digital processor contains a modulo 16 duty cycle
counter that provides the U/D control output. This counter
examines the state of the comparator once each 16 clock
cycles during state 15. |f the comparator is high, the u/D
control will be high for one cycle and low for 15 cycles
in the next 16 clock cycle period of the duty cycle counter.
If the comparator output is low, the U/D control will be
high for 15 cycles and low for one cycle in the next period
of the duty cycle counter. Figure 2 illustrates these wave-
forms. The effect of these two duty cycles is to source or
sink a net 14 charge parcels to CyyT. thus driving the

U/D DUTY CYCLE A !

integrator output toward VgTR@ and accumulating counts
in the BCD counter in groups of 14 counts. This dual duty
cycle control technique results in a fixed number of u/D
control transitions, regardless of the value of V|n; therefore,
these transitions cannot cause linearity error. The first few
periods of the measure interval are illustrated in Figure 3
for a negative V.

AUTO-ZERO OVERRIDE AT THE END OF MEASURE

The BCD counter contents equal a multiple of 14 counts at
the end of the measure interval. A residual voltage on C|NT
represents the remaining unresolved portion of the input
voltage. This voltage is cancelled and the corresponding
counts accumulated during a brief override period at the
start of the AZ interval. Normal AZ interval action is
inhibited until this residual count is resolved.

The override period starts at the end of the Measure Inter-
val. The input buffer is switched to reference ground as no
additional charge is desired from V. The U/D control is
set high. After the comparator goes high, the U/D control
is switched low at the next state 8 of the duty cycle
counter. The next transition of the comparator ends the

S

U/D DUTY CYCLE B |

DUTY CYCLE
COUNTER STATE 0 1 2 3 L] -] 6

B g° 90 1112 13 W 18

Modulo 16 Dual Duty Cycle Counter Waveforms
Figure 2

=

= =

COMPARATOR SAMPLE
POINTS FOR NEXT !
DUTY CYCLE SELECTION

A
COMPARATOR | B
OuUTPUT | |

|

INTEGRATOR VsTRG | f ;
OUTPUT I - 1 } —
| | |
151415 01 {
COUNTER =0 COUNTER = COUNTER = COUNTER = —14

Measure Interval Timing (V |y = =1 V]
Figure 3
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FUNCTIONAL SYSTEM OPERATION (Cont.)

LD120/LD121A-

conversion and the BCD counter is synchronously inhibited.
The output latches are updated on the next clock pulse
with the sign and contents of the BCD counter. The over-
ride period ends (end of conversion) and normal AZ action
is initiated by the closing of the AZ switch. The duty cycle
counter now drives the U/D control high during states 0
through 7 and low during states 8 through 15 for the re-
quired AZ interval 50% duty cycle.

Figure 4 illustrates the events at the end of the measure
interval. The slope of the dotted lines is proportional to
the unknown current through Ro.

The self oscillation following the override period keeps
VINT near VgTRG until sync is achieved with the duty
cycle counter. This feature eliminates large transients on
CgTRG and results in highly stable Auto-Zero loop charac-
teristics.

DUTY CYCLE
CONVERTER

DIGITAL INTERFACE FUNCTIONAL DESCRIPTION
BCD Outputs— (Pins 9, 10, 11 and 12): The output latch
contents are time multiplexed in a digit serial, bit parallel
fashion through 4 push-pull TTL compatible output buffers.
A high level (sourcing current from Vgg) indicates a one
and a low level (sinking current to ground) indicates a zero.
Bg is the least significant Bit. Figure 5 illustrates the
timing relationship. All BCD outputs are valid during digit
strobe time.

Digit Strobes—(Pins 1,2, 16, 17 and 18): Figure 5 indicates
the operation of these outputs. The strobes are TTL compa-
tible. Only one strobe is high at one time. The strobe period
is equal to 640 clock cycles with a 156% duty cycle. An
inter-digit blanking period of 32 clock cycles permits easy
interface with gas discharge displays. The strobe sequence is
Dg (MSD), Dg, D3, Do, D4 (LSD).

STATE M/Z

u/m

M{Z SWITCH OPENS

tiesy |

LI

SLOPE PROPOATIONAL
TO

INTEGRATOR
OUTPUT

eme \/

~14 NET COUNTS ADDED
TOCOUNTER TOTAL

i A/Z SWITCH CLOSES

OVERRIDE
T INTERVAL

SRR A
NV EY

END OF
£ CONVERSION
—14 NET COUNTS ADDED
TO COUNTER TOTAL

Alogrithim Waveforms at the E
Figure

SR R /5

nd of the Measure Period
4

B40 CLOCK CYCLES ————————————=

Figure

32CLOCK __ B
CVCLES ] 55—~
D5 —] l I
o i | 1
Da I
D2 4'
2 =5 =
e S T e e R [ g ot s e
8y | SRS | EASET s 1 [ 1
8 | ] i | | [ 1
5 | L | W e TR
ol (e Sl S (S TR 6 Pl I TG S 9 ‘ 6 ‘ -0
SIGN/ORIUR | m I N [~ Vs
—_— S ' i
POLARITY  BLINKING OVERRANGE 2 OVERAANGE/UNDERRANGE SIGNALS
INHIBIT = 25,000 DO NOT REPEAT UNTIL THE
INPUT NEXT CONVERSION CYCLE
OVERRANGE 1 UNDERRANGE
= 20,000 = 1,799

LD121 Digital Output Timing Diagram

5
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FUNCTIONAL SYSTEM OPERATION (Cont.)

LD120/LD121A

Clock Input (Pin 8): Pin 8 requires an external clock input.
The system operates from the positive clock transition al-
lowing a 30 to 70% duty cycle in the external oscillator
waveform. To maintain the linearity specifications of the
A/D converter set the short term stability of this oscillator
should be better than 1 part in 2 x 10%.

Sign/Overrange/Underrange (Pin 13): This pin operates as
a TTL compatible output during Dy, Do, D3 and Dg strobe
times and as an input during Dy strobe time. Figure &
indicates the timing relationship. Information is presented
to this outpu: as follows:

At Dg Time — Polarity is indicated by a high level for
positive and a low level for negative. It is
valid approximately 0.25 usec after Dg
goes high until the end of each D5 strobe.

At Dg Time — The output buffer assumes a high im-
pedance state. An input latch samples
the voltage level imposed on this pin
during D4 time. A high level will inhibit
the overrange blinking {digit strobes are
suppressed during zero interval). An
internal pull down resistor will hold
the pin voltage low if the pin is
unconnected or the load is high imped-
ance. An alternative method for selecting
overrange blinking is the choice of out-
put buffer. A TTL buffer connected to
pin 13 provides a pullup inhibiting over-
range blinking. A NPN buffer driver
provides a pulldown yielding normal

overrange blinking.

At Dg Time — If the count is equal to or greater than |
20,000, a single positive going pulse will
occur at the beginning of the first Dy
time after the end of conversion cycle.
The pulse width equals one clock cycle.
The overrange blinking is momentarily
inhibited when overrange pulses are
present to prevent the display blinking
feature from interfering with the

decoding of the overrange output.
At Dp Strobe— A second overrange pulse occurs at the

Time beginning of the first Dy time, after
the end of conversion, if the count is

equal or exceeds 25,000 counts.
At D4 Strobe— A single pulse occurs at the beginning

Time of the first Dq time after the end of
conversion, if the count is less than
1800 counts.

All overrange and underrange signals are one clock pulse
wide. They occur only once per measure/zero cycle.

Start Conversion (Pin 7): A low level on this TTL compati-
ble input holds the system in the zero mode continuously.
A positive going pulse at least one clock time wide initiates
one conversion cycle within 16 clock cycles after system has
completed minimum auto zero cycle. The digital data is
valid after 32,850 clock cycles. A static high level on this
input provides normal cyclical operation. An internal pull up
resistor allows this input to remain unconnected when
conversion control is not desired.

APPLICATIONS

1. The recommended supply voltages are:

V+=12V £10% Vgg =5V +10%
Vpp, V—=-12V £10% VRer=2Vto10V

2. The reading is essentially the proportionality of VN
compared to VREF as shown in the gain equation:

R 65,536
READOUT _ (y,n — V1.0 GND)s LA

COUNT R2  VREF

R1 is independent of the U/D switch resistance due to
the incorporation of the U/D buffer amplifier in the
LD120. Gain can be calibrated either by varying VREF
or trimming the resistance of R1 to obtain the correct
full scale reading.

3. The output of the integrator should always be more
positive than —9 V (for Vpp = —12 V) to obtain speci-
fied accuracy:

Vo {min) > 9V

v R 15 A v
Vg (min) = — — AR F[ﬂ + “\imaxl

2Ry fouk CNT | 2R =i thw']
Change value of C|p to set V yT(P-P).

Large integrator swing provides the best performance.
V NT (P-P) = 6 to 8 volts is recommended.

30 VREF ViN (max)
VINT (P-P) = { +

focLk CINT | 2R1 R2

Siliconix
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APPLICATIONS (Cont.)

LD120/LD4121A

4. Although any oscillator frequency from 50 kHz to

250 kHz can be used, frequencies that provide integer
number of line frequency cycles per measure period
provide maximum line noise rejection. These frequencies
are!

32,768 FLINE

ek = sr=gl oo, .. 140

n

fcLk = 163,840 is popular since it provides both 50
and 60 Hz rejection.

. The sampling rate = fo| /49,152 cycles/sample.

. After a start conversion pulse, data is valid 32,8560
clock pulses later and remains valid until at least 32,768

the % factor is provided by integrator action.

Example: We wish to see 1 count (0.1 mV of AV |y on
the 2 V range) of drift for the circuit of Figure 7 with
lsTRG = 100 pA @ 70°C. What CgTRg is needed?

Answer:
R 1 ISTRG
C s e e
STRG ~ R3 "3 "FgampLE * AVIN
100K £ 1 fof%E

62K 52 3" 3Hzx 104 V
=0.18 uF Minimum

el i ot ol 11. Interfacing the LD120/LD121A to Microprocessors: A

Sl e er. PRk et Pty .u”ng i description of interfacing the LD120/LD121A to the
uous cycle operation, data is assured valid when M/Z 2080 uP is ai i AN77-3. S bR bt
is high or 100 clock cycles after the one/zero transition i gw\.ren_m s il 41
of M/Z. warrant description here.

. Any capacitive coupling ‘between U/D and Comp. is The end-of-conversion is determined by gating M2
detrimental to proper algorithm operation. PC board « U/D + COMP. At this time, all BCD latches are up-
layouts should not allow these traces to be adjacent. dated with the contents of the latest conversion.

. All power supplies should be capacitively bypassed to We recommend using the negative edge of M/Z to
ground for maximum count stability. interrupt the processor. Next, test for a high Dg digit

h strobe (MSD). Once Dg is high load the BCD data from

: C,|NT and _CSTHG el i tn el e yis skl ik go) Bp—B3 lines and the polarity information from the
Silvered mica is recommended' for CyNT and mylar for SIGN/OR/UR line. Next delay 128 LD121A clock
CgTRG: Polypropylene capacitors also work well for times (this assures that the D4 data is valid) then load
both CgTrg and CINT- Bn—B~ lines containing the Dy data. Next delay

023 4
$0- Eiir st civers leakane Insaic of | y another 128 LD121A clock times (this assures that
f g g STRG STRG’ the D3 data is valid) then load Bg—Bg3 lines containing
_Atlpz the D3 data. Repeat this process for D5 and finally the
AVSTRG _CSTRG D4 (LSD) data load. In flowchart form (see Figure 6).
H - 2 £'e —1_ INTERRUPT ON
where At = a measure interval = 3 FSAMPLE wrosTIV £t
TEST FOR M/Z POSITIVE
AVgTRg Will inject a Al integrator of AVgTRG/R3
Now a Al integrator would have been equivalent to a
AV N/R2
TEST FOR
So the equivalent input drift is i
1 Rg 2 1 ves
A B g JELRC
2 Rz 3 FsAMPLE * CSTRG
READ nn:l.u BByl
Typical Leakage Over Temperature ke ol
iz = y
— 1 ! DELAY TO NEXT
g a2 Vo~ e 2 Ll
3 CLK PERIODS
£ 100 =g vg e 12y ’,% l
& = S
a /‘,V‘ P NO
5 o
< g0 // é_]__:_
;' _7’ = /’/L"”llI V. 15V A
Ni:V§ =% B
S
| 71,,“‘ Vg=112V ‘
& Flow Chart for 8080 Interface
i 35 45 65 65 75 85
TEMPERATURE {°C} Figure 6
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APPLICATIONS (Cont.)

LD120/LD1 21A7

CIRCUIT BENEFITS

m Qverrange Blinking

= (0—+1.9999 Input Voltages
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METAL FILM UNLESS NOTED AN
=t VWi
Rz
2Ma274 VWA
12V O =

GND i

4' Digit DVM
Figure 7

Siliconix

3-21




