A-D CONVERTER

§ FERRANTI ZNA427E-8
semiconductors|e ZN427J-8

" z-oprocessor Compatible 8 Bit Successive Approximation A - D Converter

FEATURES

Easy interfacing to microprocessors, or operates as a 'stand-alone’ converter
Fast: 10 us conversion time guaranteed

No missing codes over operating temperature range

Data outputs 3-state TTL compatible, other logic inputs and outputs TTL and CMOS
compatible

Choice of on-chip or external voltage reference
Ratiometric operation

Unipolar and bipolar input ranges

Complementary to ZN428 DAC

Choice of commaercial or military temperature range

DESCRIPTION

The ZN427 is an 8-bit successive approximation converter with 3-state outputs to
permit easy interfacing to a common data bus. The IC contains a voltage switching
DAC, a fast comparator, successive approximation logic and a 2.56 volt precision band-
gap reference, the use of which is pin-optional to retain flexibility. An external fixed or
varying reference may therefore be substituted, thus allowing ratiometric operation.

Only passive external components are required for operation of the converter.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vo - - . .. .. .. .. +7.0 voits

Max. Voltage, Logic and Vgge lnputs .. .. .. .. Vee

Operating temperature range .. .. .. .. .. .. 0°Cto +70°C (ZN427E-8)
~55°C to +125°C (ZN427J-8)

Storage temperature range .. .. .. .. .. .. =55°C to +125°C

ELECTRICAL CHARACTERISTICS (Vee = 5V, Tamp = 25°C unless otherwise specified).

Parameter Min. | Typ. | Max. Units Conditions
CONVERTER
Resolution 8 —_ — Bits
Linearity Error — — 406 | LSB
Differential Non-Linearity —_— +0.5 - LSB
Linearity Error T.C. — +3 — ppm/°C
Differential Non-Linearity T.C. — +6 — ppm/°C
Full Scale (Gain) T.C. — +2.5 — ppm/°C | External Ref. 2.5V
Zero T.C. — +8 — wVv/°C
Zero Transition 00000000 12 15 18 mV Vger In = 2.560V
to 00000001
F.S. Transition 11111110 | 2545 | 2650 | 2555 | V Vgrer IN = 2.560V
to 11111111
Conversion Time — — 10 us See Note 1
External Reference Voltage 1.5 — 3.0 \%
Supply Voltage (Vcc) 45 — 5.5 \%
Supply Current — 25 40 mA
Power Consumption — 125 — mwW
COMPARATOR
Input Current — 1 — vA Vin = 3V, Rgxr = 82k02
Input Resistance — 100 — kQ V_ =~V
Tail Current, lgxy 25 — 150 | ¢A
Negative Supply, V- -3.0 — -300| V See COMPARATOR
input Voltage -0.5 — 35 \ (Page 10)
INTERNAL VOLTAGE
REFERENCE
Output Voltage 2475 | 256012625 | V Rgrer = 390Q
CREF =4 [.L7
Slope Resistance — 0.5 2 o]
Vrer Temperature Coefficient — 50 — ppm/°C
Reference Current 4 —_ 15 mA See REFERENCE
(Page 9)
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ELECTRICAL CHARACTERISTICS (continued)

—
Min. | Typ. Max. Units Conditions

LOGIC

(over operating temp.)

High Level Input Voltage V, 2 — —_ \'

Low Level Input Voltage V, - — 08 |V

High Level Input Current, — — 50 uA VN = 8.5V, Voo = max.
WR and RD inputs 1, — - 15 | pA Vin = 2.4V, Vge = max.

High Level Input Current, —_ —_ 100 | A Vin = 5.5V, Ve = max.
Clock Input || 4 — — 30 | uA Vin = 2.4V, V¢ = max.

Low Level Input Current I, — — -5 ©A Vin = 0.4V, Voo = max.

High Level Output Current i, | — —_— -100 | vA

Low Level Output Current 1 | — — 16 | mA

High Level QutputVoltage Vo { 2.4 — — v lgn = max., Vge = min.

Low Level Output Voltage Vo — — 04 |V loL = max., Vg = min.

Disabled Output Leakage — — 2 pA Vo = 24V

Input Clamp Diode Voltage — _ -15 | V

Read Input to Data Output — — 250 | ns See Fig. 8

Enable/Disable Delay Time tgp - 180 250 | ns

Start Pulse Width tyg 250 160 — ns See Fig. 8

WR to BUSY Propagation — — 250 | ns
Delay tgp — — —

Clock Pulse Width 500 — — ns

Maximum Clock Frequency 900 | 1000 — kHz See Note 1

Note 1: A 900 kHz clock gives a conversion time of 10us (9 clock periods).

GENERAL CIRCUIT OPERATION

The ZN427 utilises the successive approximation technique. Upon receipt of a negative-going pulse
at the WR input the BUSY output goes low, the MSB is set to 1 and all other bits are set to 0, which
produces an output voltage of Vgep/; from the DAC. This is compared to the input voltage V,  ; a

decision is made on the next negative clock edge to reset the MSB to O if VRer

2
setto 1 if V—R;—F < V|n.Bit2issetto 1 onthe same clock edge, producing an output from the DAC

> V) or leave it

of VRTEF or VRTEE + %depending on the state of the MSB. This voltage is compared toV, y and on
the next clock edge a decision is made regarding bit 2, whilst bit 3 is set to 1. This procedure is
repeated for all eight bits. On the ninth negative clock edge BUSY goes high indicating that the
conversion is complete.

During a conversion the RD input will normally be held low to keep the 3-state buffers in their high

impedance state. Data can be read out by taking RD high, thus enabling the 3-state outputs. Readout

is non-destructive. The BUSY output may be tied to the RD input to automatically enable the outputs
when the data is valid.

2—19
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For reliable operation of the converter the start pulse applied to the VW input must meet certain
timing criteria with respect to the converter clock. These are detailed in the timing diagram of

figure 2.
.5 us MIN:
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Fig. 2 Timing Diagram

NOTES ON TIMING DIAGRAM

1. A conversion sequence is shown for the digital word 01100110. For clarity the 3-state outputs
are shown as being enabled during the conversion, but normal practice would be to disable
them until the conversion was complete.

2.. The BUSY output goes low during a conversion. When BUSY goes high at the end of a con-

version the output data is valid. In a microprocessor system the BUSY output can be used to
generate an interrupt request when the conversion is complete.

3. In the timing diagram cross hatching indicates a ‘don’t care’ condition.

4. The start pulse operates as an asynchronous (independent of clock) reset that sets the MSB
output to 1 and sets all other outputs and the end of conversion flag to 0. This resetting occurs on
the low-going edge of the start pulse and as long as WR is low the converter is inhibited. Conver-
sion commences on the first active (negative going) clock edge after the WR input has gone high

agfin. when the MSB decision is made. A number of timing constraints thus apply to the start
pulse.

(a) The minimum duration of the start pulse is 250ns, to allow reliable resstting of the converter
logic circuits.

(b) There is no limit to the maximum duration of the start pulse.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



ZNA427E-8/J-8

fc) To allow the MSB to settle at least 1.5us must elapse between the negative going edge of
the start pulse and the first active clock edge that initiates the MSB desicion,

id) To ensure reliable clocking the positive-going edge of the start pulse should not occur
within 200 ns of an active (negative-going) clock edge. The ideal place for the positive-
going edge of the start pulse is coincident with a positive-going clock edge. As a special
cfsekof t'he above conditions the start pulse may be synchronous with a negative-going
clock pulse.

PRACTICAL CLOCK AND SYNCHRONISING CIRCUITS

The actual method of generating the clock signal and synchronising it to the start conversion pulse
.or vice versa) will depend on the system in which the ZN427 is incorporated.

When used with a microprocessor the ZN427 can be treated as RAM and can be assigned a memory
address using an address decoder. If the pP clock is used to drive the ZN427 and the wP write pulse
meets the ZN427 timing criteria with respect to the P clock then generating the start pulse is
smply a matter of gating the decoded address with the microprocessor write pulse. Whilst the
conversion is being performed the microprocessor can perform other instructions or No operation
(NOP). When the conversion is complete the outputs can be enabled onto the data bus by gating
the ﬁgeco%ed address with the read pulse. A timing diagram for this sequence of operations is given
n figure 3.

An sdvantage of using the microprocessor clock is that the conversion time is known precisely in
wrms of machine cycles. The data outputs may therefore be read after a fixed delay of at least nine

dock cycles after the end of the WR pulse, when the conversion will be complete.

Anernatively the read operation may be initiated by using the BUSY output to generate an interrupt
wquest.

[WICROPROCESSOR|  NOP OR OTHER INSTRUCTIONS

e AVAVAVAVAVAVAVAVAVAVAVI . F/AVAVA

JECODED
WRITE (WR)

BUSY \
JECODED / \
READ (RD)

HIGH IMPEDANCE DATA

DATA
OUTPUTS
Fig. 3 Typical Timing Diagram Using uP clock and Write Pulse

in some systems, for example single-chip microcomputers such as the 8048, this simple method
may not be feasible for one or more of the following reasons:

a) The MPU clock is not available externally.
‘b) The clock frequency is too high.
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(c) The write pulse timing criteria make it unsuitable for direct use as a start conversion pulse.
If any of these conditions apply then the self-synchronising clock circuit of figure 4a is

recommended.
Cgecooso WRITE (WR) 4 W
LSB] 18
330n
—{
1 3
4n7 for c - CK
600 kHz T N1 ZN427 DATA
wr7 O
N2
8usy . !
o Haosy wmsafl
o 2lrD
DECODED READ (RD)

63%
N1 N2 = ZN7413 or { 74132 Schmitt Trigger

S
fCK = 360.C (Hz, F)

Fig. 4a. Self-Synchronising Clock Circuit

w1
&
S AR
RD ﬂ

Fig 4b. Timing Diagram For Circuit of Figure 4a.
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N1 is connected as an astable multivibrator which, when the BUSY output is high, is inhibited by
the output of N2 holding one of its inputs low. The start conversion pulse resets the BUSY flag and
N1 begins to oscillate. When the conversion is completed BUSY goes high and the clockisinhibited.

Sance the start pulse starts the clock it may occur at any time. The only constraints on the start
pulse are that it must be longer than 250 ns but at least 200 ns shorter than the first clock pulse.
The first clock pulse is in fact longer than the rest since C1 starts from a fully charged condition
whereas on subsequent cycles it charges between the upper and lower thresholds (V14 and Vy_)
of the Schmitt trigger.

LOGIC INPUTS AND OUTPUTS

The logic inputs of the ZN427 utilise the emitter-follower configuration shawn in fig. 6. This gives
extremely low input currents for CMOS as well as TTL compatibility.

-oVee

LOGIC
INPUT 1
INTERNAL LOGIC

»

0 GROUND
5561

Fig. 5. Equivalent Circuit of all Inputs

The BUSY output, shown in figure 6, utilises a passive pullup for CMOS/TTL compatibility

GROUND $559/1

The data outputs have 3-state buffers, an equivalent circuit of which is shown in figure 7. Whilst
the RD input is low both output transistors are turned off and the output is in a high impedance
state. When RD is high the data output will assume the appropriate logic state (0 or 1).

2—23
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vee
=S
500
20k
BITS 1-8
(PINS 11-18)
10k
>
RO O—Do—
{PIN 2)

GROUND o~ ¢ Sy

Fig. 7. Equivalent Circuit of Data Outputs

A test circuit and timing diagram for the output enable/disable delays are given in figure 8.

-------- 3vours
1
[/ 50% 50%
1 3
RO [ 0 vouTS

] 'TD
1 : 1 :
5o Xaow 001!
DATA ~=~~-- E : ~---=1-5VOLTS
(0% {1 - Losic o
OUTPUT LOAD
T =ENABLE DELAY TIME (C(=50pF) ut u +5v
Tp *DISABLE DELAY TIME (Cy=10pF) o
QUTPUT ALL
DIODES
IN9IS
CL
5568/ ov

Fig. 8. Output Enable/Disable Waveforms
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ANALOGUE CIRCUITS
D to A CONVERTER

The converter is of the voltage switching type and uses an R-2R ladder network as shown in
figure 9. Each element is connected to either OV or Vgge | by transistor voltage switches specially
designed for low offset voltage ( <1 millivolt).

A binary weighted voltage is produced at the output of the R-2R iadder:
n
D to A output = 5= (Vrer in—Vos) + Vos

where n is the digital input to the D to A from the successive approximation register.

Vg is a small offset voltage that is produced by the device supply current flowing in the package
Ioag resistance. The value of Vo4 is typically 2 mV for the ZN427E-8 (4 mV, ZN427J-8). This offset
will normally be removed by the setting up procedure and since the offset temperature coefficient is
low (8 uV/°C) the effect on accuracy will be negligible.

The D to A output range can be considered to be 0-Vzer |y through an output resistance R (4kQQ)

R(&k) R R R D 10 A OUTPUT

2R 2R
r
VREFING . . PR ’
(PIN 7) L L < VOUTAGE __,. L L
SWITCHES
?P\;?uuss)° i} ' T B
Vos BIT 8 BIT7 BIT ? MSB 5569
Fig. 9. R2-R Ladder Network

REFERENCE
{a) Internal Reference

The internal reference is an active band gap circuit which is equivalent to a 2.5V Zener diode
with a very low slope impedance (Fig. 10). A resistor (Rger) should be connected between pins
8 and 10. The recommended value of 3900 will supply a nominal reference current of (5.0 -2.5)
/0.38 = 6.4mA. A stabilising/decoupling capacitor, Crer (41.7), is required between pins 8 and 9.
Forinternal reference operation Vggg oyt (Pin 8) isconnected to Vgeg |y (Pin 7).

Up to five ZN427's may be driven from one internal reference, there being no need to reduce Rpgg.
This useful feature saves power and gives excellent gain tracking between the converters.

Alternatively the internal reference can be used as the reference voltage for other external circuits
and can source or sink up to 3mA.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



ZN427E-8/J-8

VCC Lt SV
(PIN10)
RREF
(390n)
VREFOUT
(PIN 8)
CreEF
(6 pu7)
GROUND
(PIN9) 5562/1

Fig. 10 Internal Voitage Reference

(b) External Reference
If required an external reference voltage in the range +1.5 to + 3.0 volts may be connected

==~ where nis the

to Vgeg N -The slope resistance of such a reference source should be less than
number of converters supplied.
RATIOMETRIC OPERATION

If the output from a transducer varies with its supply then an external reference for the ZN427
should be derived from the same supply. The external reference can vary from +1.5 volts to 4+ 3.0
volts. The ZN427 will operate if Vggr |y is less than +1.5 volts but reduced overdrive to the com-
parator will increase its delay and so the conversion time will need to be increased.

COMPARATOR
The ZN427 contains a fast comparator, the equivalent input circuit of which is shown in Fig. 11.
+5V, PIN1O
X
t
]
t
: > 10 LOGIC
! + HIGH -"RETAIN BIT"
}
AIN ! D 10 A OUTPUT
(O'VREF‘N)
ZN 427

$872

Fig. 11 Comparator Equivalent Circuit
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The comparator derives the tail current, lgxy, for its first stage from an external resistor, Rgyy, which
3 taken to a negative supply V—.

Thus arrangement allows the ZN427 to work with any negative supply in the range -3 to —30 volts.
The ZN427 is designed to be insensitive to changes in gyt from 25uA to 150uA. The suggested
~ominal value of |gxy is 65p.A and a suitable value for Rgyris given by Rpxy = V-] 15kQ.

V= (Volts) | Rexy (£+10%)
-3 47kQ
-5 82kQ
-10 150kQ
-12 180kQ
-15 220kQ
-20 330kQ
-25 390kQ
-30 470kQ

“he output from the D to A converter is connected through the 4k ladder resistance to one side of
Twe comparator. The analogue input to be converted could be connected directly to the other
somparator input (V| . Pin 6) but for optimum stability with temperature the analogue input should
> applied through a source resistance (R = 4kQ) to match the ladder resistance.

ANALOGUE INPUT RANGES

“™e basic connection of the ZN427 shown in fig. 12 has an analogue input range 0to Vg g | 5. Which,
~ some applications, may be made available from previous signal conditioning/scaling circuits.
rout voltage ranges greater than this are accommodated by providing an attenuator on the com-
sarator input, whilst for smaller input ranges the signal must be amplified to a suitable level.

3polar input ranges are accommodated by offsetting the analogue input range so that the com-
arator always sees a positive input voltage.

a———DIGITAL QUTPUTS —— o

LSB MSB Vo
BIT8 7 6 s o 3 2 BIT1 (+5V)
18 17 16 15 12 13 12 n 10
Rpgr :
ZN 427 (336m) ©
' 2 3 . 5 3 7 8 9
Vin
Rext 2 RiN
82k) 3 (4K) o "
CRef
9 9 ° (4p?)
BUSY RD  CK  WR  v- Ay VeppdN VpepOUT GNO
csvy N REFEUREFTT on
NOMINAL Ay RANGE = 0 70 VpepIN $547/2

Fig. 12. External Components for Basic Operation
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UNIPOLAR OPERATION
The general connection for unipolar operation is shown in figure 13.

The values of Ry and R, are chosen so that V| y = Vgeg |y When the Analogue Input(A, ) is at full
scale. The resulting full scale range is given by :

R1
Ain FS = (1+573) Vrer in = G- Veer in-
To match the ladder resistance R1//R2 (=R y) = 4k{l.

The required nominal values of R, and R are given by Ry = 4G kQ, Ry = -é_% kQ.

VRer IN
AINQ—-
ZERQO M
ADJUST
<
R1
s
680k
v
INfe zna27
4 9
nz? GROUND
5587

Fig. 13 Unipolar Operation - General Connection

Using these relationhips a table of nominal values of R, and R can be constructed for Vrgr 1n

= 2.5 volts.
Input Range | G R, R,
+5V 2 8kQ 8k(1
+10V 4 16k(2 5.33kQ2

GAIN ADJUSTMENT

Due to tolerances in Ry and R, tolerances in Vpgg and the gain (full-scale) error of the DAC, some
adjustment should be incorporated into R, to calibrate the full-scale of the converter. When used
with the internal reference and 2% resistors a preset capable of adjusting Ry by at least 5% of its
nominal value is suggested.

ZERO ADJUSTMENTS

Due to offsets in the DAC and comparator the zero (0 to 1) code transition would occur with
typically 15mV applied to the comparator input. which corresponds to +14 LSB with a 2.56 volt

reference.

2-28
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Zero adjustment must therefore be provided to set the zero transition to its correct value of + 4 LSB
or 5mV with a 2.56V reference. This is achieved by applying an adjustable positive offset to the
comparator input via P2 and R3. The values shown are suitable for all input ranges greater than
14timesVper InN-

Practical circuit values for 4+ 5V and + 10V input ranges are given in fig. 14, which incorporate
both zero and gain adjustments.

AIN VRerFIN AIN VReFIN

P1 5k P2 £1 10k P2
GAIN GAIN
ADJUST ADJUST
R1 5k6 R1
TOPIN 6 10 PIN 6
R2 8k2 R2 S5k6
* 2%, RESISTORS
¥ 20%. POTENTIOMETERS
5565/ 1
+ 5 VOLTS FULL SCALE +10 VOLTS FULL SCALE

Fig. 14. Unipolar Operation - Component Values

UNIPOLAR ADJUSTMENT PROCEDURE

) Apply continuous SC pulses at intervals long enough to allow a complete conversion and
monitor the digital outputs.

Apply full scale minus 14 LSB to A and adjust gain until Bit 8 (LSB) output just flickers
between 0 and 1 with all other bits at 1.

fii) Apply 4 LSB to A, and adjust zero unti! Bit 8 just flickers between 0 and 1 with all other
bits at 0.

UNIPOLAR SETTING-UP POINTS

Input Range, +FS | { LSB | FS-14LSB
15V ‘ 98mvV | 4.9707 volts
+10V 19,6 mV 9.9414 vols
FS
1LSB = 5
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UNIPOLAR LOGIC CODING

Analogue Input (A;y) Output Code
{Nominal code centre value) {Binary)
FS -1 LSB 11111111
FS -2 LSB 11111110
iFS 11000000
FS + 1LSB 10000001
FS 10000000
FS-11LS8B 01111111
FS 01000000
1LSB 00000001
0 00000000

BIPOLAR OPERATION

For bipolar operation the input to the ZN427 is offset by half full scale by connecting a resistor R,
between Vggg IN and V,y (Fig. 15).

VaepIN
REF
AIN g

R} R3

7
6 ZN&27

9
R2 GROUND

VIN

5558
Fig. 15. Bipolar Operation - General Connection

When A, = —FS, V;y needs to be equal to zero.
When AIN = +F8§, V| N needs to be equal to VREF ING

If the full scale range is £G. Vger N then Ry = (G - 1). Ry and R, = G. Ry fulfil the required
conditions.

To match the ladder resistance R,/Ry/R3 (=R y) = 4kQ.
Thus the nominal values of Ry, Ry, R are given by Ry = 8 GkQ, R, = 8G/(G - 1)kQ, Ry = 8kl

A bipolar range of :!:Vnsn (whlch corresponds to the basic unipolar range 0 to +Vgern)
results if Ry = Ry = 8kQ2 anc?

Assuming that V, =25 volts the nominal values of resistors for -5V and+ 10V input ranges
are given in the fi qfowmg table.

2-30
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Input Range G R Ry R3
+5V 2 16 kQ 16 k02 8k
+10V 4 32k0 10.66 kQ 8 kQ

Minus full scale (offset) is set by adjusting R, about its nominal value relative to R3. Plus full
scale (gain) is set by adjusting R relative to R,.

Practical circuit realisations are given in Fig. 16.

AN VReFIN AIN VREFIN

Sk
OFFSET

ADJUST %S ADJUST

13k

Sk 10 PIN 6 ok 0 PIN 6
GAIN GAIN
ADJUST ADJUST

% 2% RESISTORS
% 20% POTENTIOMETERS

8%2

570
%5 VOLTS FULL SCALE £10 VOLTS FULL SCALE
Fig. 16 Bipolar Operation - Component Values

Note that in the -5V case R3 has been chosen as 7.5 kQ (instead of 8.2 kQ) to obtain a more
symmetrical range of adjustment using standard potentometers.

BIPOLAR ADJUSTMENT PROCEDURE

i) Apply continuous SC pulses at intervals long enough to allow a complete conversion and
monitor the digital outputs.

a) Apply —(FS - £ LSB) to A,y and adjust offset until the Bit 8 (LSB) output just flickers
between 0 and 1 with all other bits at 0.

4)  Apply +(FS - 14 LSB) to A and adjust gain until Bit 8 just flickers between 0 and 1 with
all otherbits at 1.

) Repeat step (ii).
BIPOLAR SETTING-UP POINTS

Input Range, :EES ~(FS -4 LSB) +(FS-14 LSB)
+5V —-4.9805v +4.9414V
+10V -9.9609V +9.8828v
2FS
1LS8 = 356

i
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BIPOLAR LOGIC CODING

Analogue Input (A;y) Output Code

{Nominal code centre vaTue) (Offset Binary)
+(FS~-1LSB) 11111111
+(FS -2 LSB) 11111110
+4FS 11000000
+11S8 10000001
0 10000000
-1LSB 01111111
—+FS 01000000
—(FS-1LSB) 00000001
-FS 00000000

SINGLE 5 VOLT SUPPLY RAIL OPERATION

The ZN427 takes very littie power from the negative rail and so a suitable negative supply can be
generated very easily using a ‘diode pump’ circuit. The circuit shownin Fig. 17 works with any clock
frequency from 10 kHz to 1 MHz and can supply up to five ZN427s.

+5Vo——

10
OTHER
Ay 1275
10
CLOCK D'Gla"r AL U S PR
(TTL LEVELS) + T Jm-35v) 56k
i 9 3
. SN
310
Qvo- ‘
358%

Fig. 17. Single 5 Volt Supply Operation
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Pin Connections

Busv(;omcg';%,%r,‘)n U e sirewse
ro (QUTESD) 2] 17 8in?
cLock 3[] [Jresirs
START .
Wﬁ(couvensro»«)‘l: [Jiseies
Rext 5[ [ Treeite
vin 6] IRELCE!
VREF IN 7[:‘ [ )12 8ic2
VREF OUT8 [0 sit1Mse)
GROUND 9 meu(ﬁvous)
5830/2
92MIL
a L] ~
o 2 =
e I3 585 &
| 11 |
CLOCK—
|
WA — —8ir
—8iT5
Rexr = rn
—BITe
VINTT
VagsIN—
€ —BIT3
—si12;
o bl )
5 2 2 s s
< ° © Bf
[ z
o
>

Chip Dimensions and Layout
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ORDERING INFORMATION

TYPE NUMBER PACKAGE | OPERATING TEMP. RANGE
ZN427E-8 Plastic 0°C to +70°C
ZN427J-8 Ceramic -65°C to +125°C
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