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High-Temperature, Triple Operational Amplifier

and Voltage Reference

General Description

The CHT-RUBY is a general-purpose tri-
ple operational amplifier combined with a
bandgap voltage reference for applications
with an operating temperature range of -55
to 225°C.

The three operational amplifiers can be
configured in an instrumentation amplifier
with external resistors, while the built-in
voltage reference provides complete
bridge excitation for sensor applications.

The total precision (absolute plus tempera-
ture drift) of the voltage reference is better
than 2%. It exhibits a quiescent current
consumption of 700uA, and an output cur-
rent capability of up to 25mA into an ex-
ternal load at 225°C.

The operational amplifiers can operate
with either single or symmetrical power
supplies. The supply voltages range goes
from 6 to 20V. This circuit is designed and
fabricated with specific CISSOID tech-
niques that enable best-in-class reliability
and lifetime operation.

Features

e Operating temperature: Junction tem-
perature from -55°C to 225°C (other
temperature range: contact marketing)

e Single or symmetrical supply opera-
tion (Operational Amplifier)

e Validated at 225°C for 1000 hours
(and still on-going)

e Package: CSOIC16

Voltage Reference:

o Fixed Reference Voltage: 5V

e Qutput voltage initial accuracy: £2%
e Min dropout voltage: 2V @ 25mA

e Max. output current: 25mA @225°C
e Load capacitance: 100nF to 10 uF
e Stand-by current: 700pA typical

Triple Operational Amplifier:

e Supply voltage VDDOPA-VSS: 5V to
20V

e Supply current: 550pA max / OPA
(@VDDOPA = 10V)

e  Gain-bandwidth product: 1.3MHz Typ.
¢ Input offset voltage: +2.5mV Typ

Applications

Signal conditioning and voltage control
applications, switched-mode power sup-
plies
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Block Diagram

438N

SSA
TNId
TNIN

VDDLDO

VOLTAGE
REF. |

Vss

TLNO
ZNId
¢NIN

¢1no
ENId

Package Configurations and Pin Description:
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Pin # | Pin Name | Pin Description
1 OuUT3 OPA3 output
2 NIN3 OPA3 negative input
6] vDDOPA | 3 PIN3 OPAS3 positive input
4 PIN2 OPAZ2 positive input
15[ OUT1 5 VSS Negative power supply
71 NINL 6 VDDLDO | Voltage Reference Positive
power supply
3] PIN1 7 NIN2 OPA2 negative input
8 ouT2 OPA2 output
12| VSS 9 VDDLDO | Voltage Reference Positive
power supply
1] VDDBLDO | 44 VREF Voltage reference
ol VREF 11 VDDL- Voltage Reference Positive
DO? power supply
E vbbLpo | 12 VSS Negative power supply
13 PIN1 OPAL positive input
14 NIN1 OPA1 negative input
15 OuUT1 OPA1 output
16 VDDOPA | OPAs Positive power supply

1 Please read carefully paragraph “Modes of operation” at page 7 for details about possible
scenario of power supplies connections
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Absolute Maximum Ratings

Supply Voltage VDDLDO-VSS
Supply Voltage VDDOPA-VSS
Junction Temperature (Tj)
Voltage on any pin to VSS
-0.5 to VDDOPA+0.5V

-0.5V...25V
-0.5V...25V
-55°C to +250°C

ESD Rating
Human Body Model >1.5kV

Operating Conditions

Supply Voltage VDDLDO-VSS 6V to 20V
Supply Voltage VDDOPA-VSS 4.5V to 20V
VREF Dropout Voltage 1.0V to 15V

Junction temperature -55°C to +225°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
only rating and operation of the device at these or any other conditions above those indicated in the operational sections of this speci-
fication is not implied. Frequent or extended exposure to absolute maximum rating conditions or above may affect device reliability.
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Voltage Reference:

Electrical Characteristics
Unless otherwise stated: VDDLDO=10V, VSS=0V, T;=25°C. Bold underlined values indicate
values over the whole temperature range (-55°C < Tj < +225°C).

Parameter Condition Min Typ Max Units
Supply voltage VDDLDO-
VSS 6 20 \%
Dropout (VDDLDO-VREF) I, =25mA 2 V
. 1.=2.5mA,; VDDL-
?alétpUt voltage Initial Accu- DO=VREF+2V, 0 +/2 %
Y T, = 25°C
e 1L=2.5mA, VDDL- o
Drift with temperature DO=VREF+2V 0 0.5 mV/°C
I.=2.5mA
. . VDDL-
Line regulation DO=[VREF+2V. VREF+15V Hl mviv
]
Load regulation I.=0mA to 25mA
Rout VDDLDO=VREF+2V — mV/mA
g‘:]'tescem Ground Pin cur- | o oy <25mA; VDDLDO=10V 700 HA
f=0Hz ..100Hz
Power supply rejection ratio VDDLDO=VREF+2V; 60 dB
1.=2.5mA
10Hz-10kHz
Output noise VDDLDO=VREF+2V; TBD HVRMS
1.=2.5mA
PUBLIC

Doc. DS-110846 v2.6 WWW.CISSOID.COM 40f9



~
N\ S

CISSOID

POWER SEMICONDUCTORS

CHT-RUBY
Datasheet

10-Dec-23

(Last Modification Date)

Triple Operational Amplifier:

Unless otherwise stated: VDDOPA=10V, VSS=0V, Tj=25°C. Bold underlined values indicate
values over the whole temperature range (-55°C < Tj < +225°C).

DC Electrical Characteristics

Parameter Condition Min Typ Max Units
Supply voltage
VDDOPA-VSS 45 20 v
Supply current (3 OPAs) Tj=25°C 13 mA
dd Tj=-55 to 225°C 16
Output voltage swing RL=2kQ, THD?*=1% 0.15 VDDOPA-0.25 v
Vo RL=«, THD=0.1% 0.04 VDDOPA-0.1
3,4
IO“tp“t current Tj=-55 to 225°C 15 mA
(0]
Common mode input range Tj=225°C 2.0 VDDOPA-0.1 Vv
Vem Tj=-55°C 15 VDDOPA-0.2
5
Input offset voltage T=25°C <425 +8 mv
Vioer
13
Input offset drift T=25°C <+30 +70 uv/eC
TCVIOFF
H 6
InpLt bias current Tj=-55 t0 225°C £160 nA
B
Input offset current* Tj=25°C 0.6 A
lorr Tj=225°C +5
AC Electrical Characteristics
Parameter Condition Min Typ Max Units
DC gain RL=2kQ, Tj=25°C 90 100 a8
Ao RL=2kQ, Tj=225°C 85 95
Gain-bandwidth product RL=2kQ, CL=30pF 0.95 1.25 MHz
GBW -
Common mode rejection
ratio DC to 1kHz 60 dB
CMRR
Power supply rejection ratio | Positive or negative. 70 dB
PSRR DC to 100Hz —
Slew rate RL=2kQ, CL=30pF T;=25°C 1.25 1.55
S V/usec
R RL=2kQ, CL=30pF Tj=225°C 2.45 2.7
Zhase margin RL=2kQ), CL=30pF 32 >40 Degree
M
F=1Hz 11.0
) ) F=100Hz 1.2
Input noise spectral density uV/AHz
F=1kHz 0.43
F=10kHz 0.19
Integrated input noise DC to 10Hz, Tj=-55 to 225°C 25 WVius

€n

2 Total Harmonic Distortion.

3 Source or sink.

4 OQutput current is not internally limited. Value given indicate the maximum recommended operating

conditions.

5 The absolute value of the input offset voltage, |Viore|, decreases as temperature increases. TCviorr
must be used so that |ViorF| decreases with temperature, i.e. TCviorr has opposite sign than Viorr.
6 Due to ESD structures. Under full characterization.
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Typical Performance Characteristics

Unless otherwise stated: VDDLDO/VDDOPA=10V, VSS=0V, Tj=25°C.
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Figure 1:VREF line regulation from -55°C to
175°C (I. = 2.5 mA)
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Figure 3:VREF temperature drift (IL = 2.5 mA;
VDDLDO = 7V)

Figure 2:VREF load regulation from -25°C to
225°C

TBD

Figure 4:VREF Input ripple rejection @ 25°C
(VDDLDO=7V; I.=0 mA)
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Figure 5:Current consumption (3 OPA + LDO
quiescent) vs. Temperature

Figure 6:GBW vs. Temperature
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Figure 7:0ffset voltage vs. Temperature

Figure 8:0ffset drift vs Temperature
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Circuit Functionality — Operational Amplifiers

Operating conditions

The CHT-RUBY has been conceived to operate in closed loop configuration under linear re-
gime. When operating with supply voltages above 6V, it is mandatory to ensure that voltage
between positive and negative inputs of the OPA does not exceed 5.5V. Continuous or repet-
itive operation outside linear regime could permanently damage the part.

Specific Operating Conditions

The CHT-RUBY presents slightly different positive and negative slewing values. This makes
that when a square wave is used as input signal, the output presents an additional DC offset
due to the slight change of the output duty cycle.

Additionally, for square input signals with frequencies above 10kHz, the circuit presents an
output DC offset which increases with the input frequency. At 30kHz, the input referred offset
increases by about 20mV.

Modes of operation
CHT-RUBY consists of 2 functions: a Voltage Reference and 3 Operational Amplifiers.

The table below describes the possible use of CHT-RUBY and the implications on the power
supply connections:

CHT-RUBY use Power supply connections
Only Voltage Reference used VDDOPA and PINX/NINX must be con-
nected to VSS

Only OPAs used VDDLDO must be connected to VDDOPA

Both OPAs and Voltage Reference with | VDDLDO voltage must be higher than or

separate power supplies equal to VDDOPA voltage

Both OPAs and Voltage Reference with | VDDLDO and VDDOPA connected to-

same power supply gether

OPAs fed by VREF output VDDOPA must be connected to VREF
PUBLIC
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Package Dimensions
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CSOIC 16 Drawing (mm +/- 10%)
Ordering Information
Ordering Reference Package Temperature Range Marking
CHT-GEM9813C-CSOIC16-T Ceramic CSOIC16 -55°C to +225°C CHT-GEM9813C
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Contact & Ordering

CISSOID S.A.

Headquarters and CISSOID S.A. — Rue Francqui, 11 — 1435 Mont Saint Guibert - Belgium
contact EMEA: T:+3210489210-F: +32 108898 75
Email: sales@cissoid.com

Sales Visit our website: http://www.cissoid.com
Representatives:

Disclaimer

Neither CISSOID, nor any of its directors, employees or affiliates make any representations or extend any warranties
of any kind, either express or implied, including but not limited to warranties of merchantability, fitness for a particular
purpose, and the absence of latent or other defects, whether or not discoverable. In no event shall CISSOID, its di-
rectors, employees and affiliates be liable for direct, indirect, special, incidental or consequential damages of any kind
arising out of the use of its circuits and their documentation, even if they have been advised of the possibility of such
a damage. The circuits are provided “as is”. CISSOID has no obligation to provide maintenance, support, updates, or
modifications.
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