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Outline

This application note provides the definitions of electrical characteristics of isolation
amplifiers (analog output: TLP7820 and TLP7920, digital output: TLP7830 and TLP7930),
which are a type of photocouplers.
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1. Electrical characteristics of analog-output isolation amplifiers

1.1 DC characteristics

Term

Symbol

Description

Characteristics Curve

Input offset voltage

VOS

The converted offset voltage obtained
by leIdlng the Vour+-Vour- at Viy of OV by
the gain (G) with negative coefficient.
(Intercept on the Viy axis in the
Vin-(Vout+-Vour-) curve)

Vos=-{(Vour+-Vour-)/(Gin G)}

Vin(Vin+-Vin-) :differential input voltage
Vourt+-Vour-:differential output voltage

== Vours

Output Voltage
w)

out- 3 .
Vours-Vour- (differential output)

Input offset voltage
drift vs ambient
temperature

|dVos/dTs,|

The temperature coefficient of the input
offset voltage variations (from
maximum to minimum value) in
ambient temperature range.

-0-4 - Input

Voltage, Viy
(Vin:=Vin.)
v)

Input offset voltage
drift vs input side
supply voltage

| dVOS/dVDDl |

The voltage dependency coefficient of
the input offset voltage variations (from
maximum to minimum value) in input
side supply voltage range.

-2.5 Vzo 777777777

@in

The slope (rate of change) of the
straight line that approximates the Vin-
(Vour+-Vour-) curve.

G is specified over the Viy range between
-0.2 and +0.2 V.

Vin(Vin+-Vin-) :differential input voltage
Vourt+-Vour-:differential output voltage

== Vours
......... Vour- § i
Vours~Vour- (differential output)

s Approximate
line: y=ax+b

Output Voltage
)

&in drift vs
ambient
temperature

|dG/dTa|

The temperature coefficient of the gain
variations (from maximum to minimum
value) in ambient temperature range.

-0.4 :-0.3 |-0.2 +0.2]+0.3; +0.4;
Input

Voltage, Viy
(Vine-Vin)
)

-2.5

Vour non-linearity
(£200 mV)

NL200

The ratio of the sum of the maximum
deviations in the positive and negative
directions (dev_max and dev_min) of
the measured points from the
approximate straight line of
Vin-(Vour+-Vour-) curve to the full-scale
differential output voltage
({2*(Von-Vol) ).

NL,go is specified over the Vi range
between -0.2 and +0.2 V.

NLzgo=(|dev_max|+|dev_min|)/{2*(Von-VoL)}

Vin(Vin+-Vin-) :differential input voltage
Vourt+-Vour-:differential output voltage

Output Voltage
V)

= Approximate
line: y=ax+|

Vour non-linearity
(£200 mV) drift vs
ambient
temperature

|dNL20o/dTa|

The temperature coefficient of the
non-linearity variations (from maximum
to minimum value) in ambient
temperature range.

Input
Voltage, Viy
(VinsVin)

()

-2.5

Vour non-linearity
(£100mV)

NLIOO

The ratio of the sum of the maximum
deviations in the positive and negative
directions (dev_max and dev_min) of
the measured points from the
approximate straight line of
VIN‘(VOUT+‘VOUT-) curve to the full-scale
differential output voltage
({2*(Von-Vol) ).

NL.oo is specified over the Viy range
between -0.1 and +0.1 V.

Vin(Vin+-Vin-) :differential input voltage
Vourt+-Vour-:differential output voltage

dev_min

@
[ J dev_max

s

(This figure should be considered merely as a guide.)
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Term Symbol Description Characteristics Curve
Output Voltage = = = Vours+
W) o y(ﬁ,'ifivm, (differential output)
‘ +2.5 1
High-level output v Maximum single-phase output voltage ~ L L
voltage oH of Vours and Vour-. o 103 02 +0.2/40.3! +0.4 Input
Voltage, Viy
(Vs -Vin.)
-2.5 v
Output Voltage = = = Vours+
2 L T . iffrantialoutput)
+2.5
Low-level output vV Minimum single-phase output voltage of | | . e 4
voltage oL Vour+ and Vour.. ‘-0.4 -;;.3 -0.2 +0.2! +;.3 +o.? Input
; VoltaSe, Vin
(Vins-Vin.)
-2.5 v
- = Vom
......... V/— § .
Outpu(t \;oltage e Vouts~-Vour- (d;::::::l ?utpuk)
V, input (slope: G
The ratio of the gain from a e
common-mode input GCM to the 125 i
Input differential input G ~
?g@cnﬁgﬂ'ggge CMRRn CMRRyy is specified over the Vi range e 7~
] between -0.2 and +0.2 V. 0.4 -0.3 |-0.2 T v0.2]+0.3) +0.4 Input
CMRR=20log(G/|GCM|) [dB] V"b‘:(g?:xm
-2.5
. : Equivalent input resistance over the
EgSLi“S\égII’IGCTEt input Rin Vin(Vin+-Vin-) range between -0.2 and |-
+0.2 V.
. The input current when the differential
Input bias current Iy input voltage Vin(Vin+-Vin-) is O V
. The supply current that flows through
iﬂ?ggnst'?\e/ su§)ply Iop1 the input side when the differential input | -
bb1 voItage VIN(V1N+-V1N.) isOV
. The supply current that flows through
COuurtr%l;tts(l\?e s)upply Iop2 the output side when the differential -
b2 input voltage Vin(Vin+-Vin-) is 0 V
Output resistance R Resistance of the output pin over the
(Vour) ouT output current range of £5 mA
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1.2 AC characteristics

Term Symbol Description Characteristics Curve
. _ The frequency at which the gain drops
XE‘;T bandwidth (-3 fads by -3 dB on input-output frequency -
dependence against an input sine wave.
Vin to Vour
propagation delay
time tepio
(10%-10%) . .
Propagation delay time from Vi to Vour. 200 MV 00%
Vin to V . .
ppcl)pagaOtLich)n delay Propagation delay times from 10% of | Vin (Vine-Vav)
time trpso input to 10% of output, from 50% of
input to 50% of output, and from 90% of
(50%-50%) input to 90% of output are specified as .
tep1o, teoso, and trpoo, respectively. Vour+=Vour- T i
Vin to Vour ;
propagation delay b 5
time trpoo AN ﬁ;
(90%-90%)
S Rise time of the differential output
Vour rise time t voltage Vours-Vour..
: Fall time of the differential output
Vour fall time tr voltage Vour+-Vour..
The maximum tolerable rising or falling
Common-mode CMTI rate of input-to-output common-mode
transient immunity voltage at which the prescribed output
voltage can be maintained.
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2. Electrical characteristics of digital-output isolation amplifiers

2.1 DC characteristics

©2019

Toshiba Electronic Devices & Storage Corporation

Term Symbol Description Characteristics Curve
The maximum deviation of the output | —— MDAToutput
Vin-MDAT characteristics from the ideal Digta e e
line. oce
65536
INL is expressed in LSB or as a percent 53248
(%) of the input range, and specified M
over the Vi range between -0.2 and P00
+0.2 V. e | |
Integral INL :
non'linearity * Ideal line -0.4 -0.32 -0.2 0 ':' +0.2 +0.32 +0.4 InputVoltage,
-+~ Ideal straight line . (V;m?{lm.)
The line that assume output changes with 16bit — Measured _ P V)
resolution (65536 step) over the ideal input voltage characteristics
range(£320 mV) determined by the internal ,/”
reference voltage -~ INL
Vin (Vin+-Vin-): Differential input voltage (This figure should be considered merely as a guide.)
MDAT: Digital code output
The maximum deviation of the actual Ot e rom an sTHC?
Step width of the VIN'M DAT C"ﬂ;"‘ filter with a decimation ratio of
characteristics from the ideal step width 65536
(1 LSB) 53248
DNL is expressed in LSB units, and 32768
specified over the Viy range between
. . - 12288
Differential BNL 0.2 and +0.2 V. ) : ! :
non-linearity 04032 02 i 402 +0.32 +0.4 Input Voltage,
* Ideal step width (1 LSB) (vm(é?)/m.)
Ideal input voltage range (+320 mV) and output
steps(16-bit 65536 step) determine the ideal step
width “LSB”, 1LSB = 640 mV / 65536 = 9.7 nV=1LSB - Meslsep
Measured
Viy (Vin+-Vin-) :Differential input voltage (This figure should be considered merely as a guide.)
MDAT: Digital code output
The converted offset voltage obtained
by dividing the deviation from the ideal
digital code value (32768) at
Input offset voltage . —
P 9 Vos Vin(Vine-Vin-) of OV by the gain (1+Gg) Output o 241Deﬁi:3$::tfrom an SINC?
1 T Tall igital filte ith a decimatit tio of
with negative coefficient. (Intercept on Digital o
the Viy axis in the Viy-MDAT curve) 65536
53248
The temperature coefficient of the input 22763 | g I
fjnpft“t offseg_volttage dVee/dT offset voltage variations (from % ve |
ter;n vesraatTrelen |dVos/dTal | haximum to minimum value) in - r
P ambient temperature range. -0.4 -0.32 -0.2 0 +0.2 +0.32 +0.4 Inpit Voltage,
(Vans-Vin )
)
The voltage dependency coefficient of
é':%jfgslgfifseﬁtvgilgaege |dVos/dVooi] the input offset voltage variations (from
suppl voFta e Os/EVDDLL I maximum to minimum value) in input
y 9 side supply voltage range.
5 Rev. 1.0 2019/2/18
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Term Symbol Description Characteristics Curve
Orlt_put - MIDGAII:utguttf SINC?
E:]%I;al p t("llte-r wi:l:jap:ecmr:tiaol ratio of
The differential input voltage that 65536
provides the minimum (0) or maximum 33248
Internal reference v %655;438&_|9u;put digital code value in the e
voltage REF INT characteristics
Viy (Vins-Vin.): Differential input voltage 12288
MDAT: Digital code output >
-0.4 -0.32 -0.2 o +0.2 +0.32 +0.4 InputVoltage,
(Vios=Vin)
()

= MDAT output
g;'ti‘::lt (16-bit output from an SINC?
Co%e filter with a decimation ratio of

The percentage (%) of the error of the e
slope of an approximate straight line

from the ideal line (input-to-output gain:
1) in the Vin-MDAT characteristics. JE
Gain error Ge o 12288

32768

G is specified over the Vi range f ]

between -0.2 and +0.2 V. e -0.4 -0.32 -0.2 ) +;6.2 +0.32 +0.4 Input Voltage,
-~ Idealline;y=x s ! (Vm‘f%m»)

Vin (Vine-Vin.): Differential input voltage —_— yf?fifss)f“a’a“e‘ft‘fs’ v)

MDAT: Digital code output Z

MDAT output

Output e ™
The ratio of the gain from a Cote | mmm Aeerssmatsine gl s s
common-mode input (GCM) to the I | C O Ol o e
differential input gain (14+Gg). 53248
Input . e
common-mode CMRRpy CMRRyy is specified over the Vi range 32768
rejection ratio between -0.2 and +0.2 V.
2288
CMRRy=20log{(1+Gg)/|GCM|} (dB) -0.4 -0.32 -0.2 o +0.2 +0.32 +0.4 Inpﬁtvlz:ltage,
(Vm(»\;‘)/mr)
The ratio of the level of a desired signal
Signal-to-noise to the level of noise (except harmonics).
: SNR
ratio SNR is specified with a 1kHz, 0.4V,., sine
wave.
Signal-to-(noise + The ratio of the level of a desired signal P P e e ot e e .
digtortion) ratio SNDR to the level of noise (including
harmonics).
Signal resolution (effective number of g |
Effective number of bits) calculated from the SNDR
bits ENOB characteristics.
ENOB = (SNDR - 1.76)/6.02
Total harmonic THD The ratio of the harmonic components to

distortion the fundamental component.

The supply current that flows through
Iop1 the input side when the differential input
voItage VIN =(V1N+-V1N.) isO V.

Input side supply
current (Vpp1)

The supply current that flows through
Iop2 the output side when the differential
input voltage Vin(Vin+-Vin-) is O V.

Output side supply
current (Vopz)

Low-level output Minimum voltage of the MDAT and MCLK | _

voltage Vo outputs.
High-level output v Maximum voltage of the MDAT and
voltage OH MCLK outputs.
. . Equivalent input resistance over the
Egslfls\g:?cnet input Rin Vin(Vin+-Vin-) range between -0.2 and |-
+0.2 V.
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2.2 AC characteristics

transient immunity

voltage at which the prescribed output
voltage can be maintained.

Term Symbol Description Characteristics Curve
The frequency of the clock from the MCLK Fenc
Output clock fok pin (with a period equal to that of the
frequency . -
bitstream data of MDAT pin).
. . . MCLK :
! The period of time required for MDAT to P
Qcccfésrizme g(fjteg ta finish a High-to-Low or Low-to-High AN
9 edg transition from the rising edge of MCLK. b
. The period of time required for MDATto | 77T y 8o
Hold time after : : : !
., th begin a High-to-Low or Low-to-High MDAT  ceemeee- X _______________ X:
MCLK rising edge transition from the rising edge of MCLK. ' 20%
The maximum tolerable rising or falling
Common-mode CMTI rate of input-to-output common-mode _
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including
the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest
versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and
application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook"
and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all
aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of
this Product in such design or applications; (b) evaluating and determining the applicability of any information contained in this
document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c)
validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS'
PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes,
without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment
used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU
USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact
your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

¢ Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under
any applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license
to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF
SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS
INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND
CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR
NONINFRINGEMENT.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

¢ Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR
LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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