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5 Pin Configuration and Functions

DBQ Package
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Pin Functions

NAME PIN NO. I/10 DESCRIPTION
A 12 110 Transceiver noninverting input or output (1/O) on the bus side
B 13 110 Transceiver inverting input or output (I/0) on the bus side
D 6 | Driver input
DE 5 | Driver enable. This pin enables the driver output when high and disables the driver output when low
or open.
GND1 — Ground connection for Vccy
GND2 15 — Ground connection for Vo
7
NCW 11 — | No internal connection
14
R 3 (0] Receiver output
RE 4 | Receiver enable. This pin disables the receiver output when high or open and enables the receiver
output when low.
Vel 1 — Logic-side power supply
Vees 10 . Transceiver-side power supply. These pins are not connected internally and must be shorted
16 externally on PCB.

(1) Device functionality is not affected if NC pins are connected to supply or ground on PCB

Copyright © 2018-2019, Texas Instruments Incorporated 3
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6 Specifications

6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
Vel Supply voltage, side 1 -0.5 6 \%
Veeo Supply voltage, side 2 -0.5 6 \%
Vio Logic voltage level (D, DE, RE, R) 0.5 Veep+0.5@) v
lo Output current on R pin -15 15 mA
Vgus Voltage on bus pins (A, B, Y, Z w.r.t GND2) -18 18 \%
T, Junction temperature -40 150 °C
Tste Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values except differential 1/0O bus voltages are with respect to the local ground terminal (GND1 or GND2) and are peak
voltage values.

(3) Maximum voltage must not exceed 6 V

6.2 ESD Ratings

VALUE UNIT
Electrostatic discharge All pins except bus pins® +4000 \Y
Human body model (HBM), per .
ANSI/ESDA/JEDEC JS-001 Bus terminals to GND2® +16000
Veeso) Electrostatic discharge \Y
Charged device model (CDM), per All pins® +1500
JEDEC specification JESD22-C101
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN MAX UNIT
Vees Supply Voltage, Side 1, 1.8-V operation 1.71 1.89 \%
Supply Voltage, Side 1, 2.5-V, 3.3-V and 5.5-V operation 2.25 5.5 \%
Veee Supply Voltage, Side 2 4.5 55 \%
\ Common mode voltage at any bus terminal: A or B -7 12 \%
ViH High-level input voltage (D, DE, RE inputs) 0.7*Veer Ve Y,
Vi Low-level input voltage (D, DE, RE inputs) 0 0.3*Vcer Y,
Vip Differential input voltage -12 12 \%
lo Output current, Driver -60 60 mA
lor Output current, Receiver -4 4 mA
R Differential load resistance 54 Q
1ty Signaling rate 1 Mbps
Ta Operating ambient temperature -40 125 °C
6.4 Thermal Information
1SO1500
THERMAL METRIC® DBQ (SSOP) UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 112.7 °C/IW
Rojctop) Junction-to-case (top) thermal resistance 57.2 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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Thermal Information (continued)

1ISO1500
THERMAL METRIC® DBQ (SSOP) UNIT
16 PINS
Ross Junction-to-board thermal resistance 64.0 °C/IW
Wit Junction-to-top characterization parameter 32.1 °C/W
Y8 Junction-to-board characterization parameter 63.7 °C/W
Roicbot) Junction-to-case (bottom) thermal resistance - °C/IW
6.5 Power Ratings
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Pp Maximum power dissipation (both sides) |Vcc1 = Vee2 =5.5V, Ta=125°C, T; = 278 mw
Pp1 Maximum power dissipation (side-1) éiTSCp’FA'B load = 54 02 ||50pF, Load on 28 mw
Input a 500kHz 50% duty cycle square
Pp2 Maximum power dissipation (side-2) wave to D pin with 250 mw
Vpe=Vcei, VRe=GND1

Copyright © 2018-2019, Texas Instruments Incorporated
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6.6 Insulation Specifications

SPECIFICATIONS
PARAMETER TEST CONDITIONS UNIT
DBQ-16
IEC 60664-1
CLR External clearance Side 1 to side 2 distance through air >3.7 mm
CPG External creepage @ Side 1 to side 2 distance across package surface | >3.7 mm
DTI Distance through the insulation Minimum internal gap (internal clearance) >17 pm
CTI Comparative tracking index IEC 60112; UL 746A >600 \%
Material Group According to IEC 60664-1 |
Overvoltage category Rated mains voltage < 300 Vgrus 1-111
DIN VDE V 0884-11:2017-01?
VIorM Maximum repetitive peak isolation voltage | AC voltage (bipolar) 566 Vpk
A_C voIt_age (sine wave); time-dependent 400 v
Viowm Maximum isolation working voltage dielectric breakdown (TDDB) test; RMS
DC voltage 566 Vpe
Viotm Maximum transient isolation voltage ?L/.TZEiTV:,O\iI,;),T{\A:Y ?L:s ?:?Os()gupa:gf(ijzfti%?); VTEST= | 4242 Vpk
Viosu :\g%xi?gg\(;urge isolation voltage Ive;/te?;(remo\cj per I_ECl:O%ZO?E)G\Ej—l, 1.2/5_0_ us 4000 Vek
, V1EST = pk (qualification)
Method a: After I/O safety test subgroup 2/3, Vi
: Viotwms tini = 60 8; Vpgm) = 1.2 X Viopm » tn =10 | <5
Method a: After environmental tests subgroup 1,
Vini = Viotm, tini = 60's; <5
Upd Apparent charge ¥ Vid(m) = 1.6 % Viorw » tn = 10's pC
Method b1: At routine test (100% production)
and preconditioning (type test), Vini = Viotms tini =
1s; <5
Vpdm) = 1.875 X Viopm , tn =1s
Cio Barrier capacitance, input to output ® Vo = 0.4 x sin (2 =nft), f =1 MHz ~1 pF
Vio =500V, Tp=25°C > 1012
Rio Insulation resistance, input to output ® | V,g =500V, 100°C < T, < 150°C > 10 Q
Vio =500V at Tg=150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL 1577
Viso Withstand isolation voltage XT\'/EISSL: ?/':S‘i ’st(iOGOOO/oS é?cl; ;32322;) n): Vrest = 1.2 3009 Vrus

(1) Creepage and clearance requirements should be applied according to the specific equipment isolation standards of an application. Care
should be taken to maintain the creepage and clearance distance of a board design to ensure that the mounting pads of the isolator on
the printed-circuit board do not reduce this distance. Creepage and clearance on a printed-circuit board become equal in certain cases.
Techniques such as inserting grooves, ribs, or both on a printed circuit board are used to help increase these specifications.

(2) 1501500 is suitable for safe electrical insulation within the safety ratings. Compliance with the safety ratings shall be ensured by means
of suitable protective circuits.

(3) Testing is carried out in air or oil to determine the intrinsic surge immunity of the isolation barrier.

(4) Apparent charge is electrical discharge caused by a partial discharge (pd).
(5) All pins on each side of the barrier tied together creating a two-pin device.
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6.7 Safety-Related Certifications

VDE

CSA

UL

cQc

TUV

Certified according to DIN
VDE V 0884-11:2017- 01

Plan to certify according
to IEC 60950-1, IEC
62368-1

Recognized under UL
1577 Component
Recognition Program

Certified according to
GB4943.1-2011

Certified according to EN
61010-1:2010/A1:2019,
EN 60950-
1:2006/A2:2013 and EN
62368-1:2014

Maximum transient
isolation voltage,

4242 \py;

Maximum repetitive peak
isolation voltage,

566 VF’K;

Maximum surge isolation
voltage,

CSA 60950-1-07+A1+A2

and IEC 60950-1 2nd Ed.

for pollution degree 2,
material group I: 370

VRms

1

Single protection,
3000 Vrms

Basic insulation, Altitude <
5000 m, Tropical Climate,
400 Vrpms maximum
working voltage

EN 61010-
1:2010/A1:2019,
300 VRMS basic isolation

EN 60950-
1:2006/A2:2013 and EN
62368-1:2014, 400 VRMS
basic isolation

4000 Vpk
Certificate number: - ) . Certificate number: . .
40040142 Certificate planned File number: E181974 CQC18001199097 Client ID number; 77311

6.8 Safety Limiting Values
Safety limiting® intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
DBQ-16 PACKAGE
RQJA = 679°C/W, V| =55V, TJ = 150°C, 201
Ta=25°C,see ® 1
Rgsa = 67.9°C/W, V|, =3.6 V, T; = 150°C, 308
) Ta=25°C,see ® 1
Is Safety input, output, or supply current mA
RQJA = 679°C/W, V| =275V, TJ = 403
150°C, Tpo = 25°C,see ® 1
Rgsa = 67.9°C/W, V|, =189V, T; = 586
150°C, To = 25°C,see @ 1
. RQJA = 679°C/W, T_] =150°C, TA =25°C,
Pg Safety input, output, or total power see [ 2 1105 mw
Ts Maximum safety temperature 150 °C

(1) The maximum safety temperature, Ts, has the same value as the maximum junction temperature, T, specified for the device. The Ig
and Pg parameters represent the safety current and safety power respectively. The maximum limits of Is and Pg should not be
exceeded. These limits vary with the ambient temperature, Ta.
The junction-to-air thermal resistance, Rgja, in the table is that of a device installed on a high-K test board for leaded surface-mount
packages. Use these equations to calculate the value for each parameter:
T;=Ta + Rgya x P, where P is the power dissipated in the device.

Timax) = Ts = Ta + Roga X Ps, where Tjmay) is the maximum allowed junction temperature.
Ps = Is x V|, where V, is the maximum input voltage.

Copyright © 2018-2019, Texas Instruments Incorporated
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6.9 Electrical Characteristics: Driver

Typical specs are at Vc1=3.3V, V=5V, T,=27°C (Min/Max specs are over recommended operating conditions unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Open circuit voltage, unloaded bus,
45V <V €55V L5 43 Vecz v
) . ) R.=600Q, -7V < Vgsr <12V,
Vool a:;iritﬂgsrentlal-output voltage 4.5V < Veep < 5.5V (see B 19) 15 25 \
R =100 Q (see B 20), RS-422 load 2 2.9 \Y
R_ =54 Q (see B 20), RS-485 load,
45V <Veep, <55V 15 25 v
Ao g:twgeen'”twi’)'ﬁ;;‘fgga' outputvoltage | ¢ _ 54 o or R, = 100 O, see @ 20 50 50| mv
Voc Common-mode output voltage R =54 Qor R. =100 Q, see B 20 0.5 x Vcep 3 \%
change in steady-state common-mode =
AVocss) Outpugt voltage b‘étween o tatos R, =54 Qor R =100 Q, see A 20 -50 50| mv
Vocer) \F/’oelf‘:g'lg"peak common-mode output | g _ 54 0 or R, = 100 Q, see E 20 300 mv
- Vb = Vcer 0O Vp = Venb, Voe = Ve,
los Short-circuit output current TV SVy<12V, see B 28 -175 175 mA
li Input current Vp and Vpg = 0 V or Vp and Vpe = Veer -10 10 HA
CMTI Common-mode transient immunity Vp= V¢ep 0r GND1, Vg = 1200V, See B 22 85 100 kV/us

6.10 Electrical Characteristics: Receiver

Typical specs are at V¢1=3.3V, V=5V, T,=27°C (Min/Max are over recommended operating conditions unless otherwise
noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

) . Vpe =0V, Veeo =0V or Veep =5.5V, One bus _

lis Bus input current input at —=7 V or 12 V, other input at 0 V 100 100 KA
— < i <

\V2 Positive-going input threshold voltage 1; x < Common mode voltage on bus terminals < See @ -100 -50 mv

P v < i <
Vi Negative-going input threshold 7 V < Common mode voltage on bus terminals < 200 _145 See @ mv
voltage 12V

Vhys Input hysteresis (Vrys — Vru) I; x < Common mode voltage on bus terminals < 20 45 mv

Vi1 =5V+-10%, loy = —4 MA, Vip = 200 mV Veer — 0.4 v
= -109 =— = —

Vou Output high voltage on the R pin Voe1=3.3V+H-10%, loy = 2 mA, Vip = 200 mV Vee1 - 03 v
Vie1=2.5V+/-10%, 1.8V+/-5%, loy = =1 mA, Vip = _
200 mv Veer -0.2 v
Vee1=5V+-10%, lop = 4 MA, Vip = —200 mV 0.4 v

= 2109 = =

VoL Output low voltage on the R pin Voe1=3.3V+-10%, lo = 2 MA, Vip = ~200 mV 03 v
Veei=2.5V+-10%, 1.8V+-5%, lo, = 1 MA, Vip = 02 v
—200 mV .

Output high-impedance current on —

loz heRpn VR =0V or Vg = Veer, Vie = Ve -1 1 pA

I Input current on the RE pin Vge =0V or Vge = Veer -10 10 HA

CMTI Common-mode transient immunity Vp=15Vor-15V, Vcy=1200 V, See H 22 85 100 kV/us

(1) Under any specific conditions, V. is ensured to be at least Vyys higher than V.

8 Copyright © 2018-2019, Texas Instruments Incorporated
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6.11 Supply Current Characteristics: Side 1(lcc;)
Bus loaded or unloaded (over recommended operating conditions unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT

DRIVER ENABLED, RECEIVER DISABLED

Logic-side _ _ o

supply current | Vo = Veer Vee1 =5V 10% 2.6 44| mA
Logic-side _ _

supply current | Vo = Veer Veer =33V £ 10% 26 a4 mA
Logic-side _ R o _ o

supply current D = 1Mbps square wave with 50% duty cycle, Vcc; =5V £ 10% 3.2 5.1 mA
Logic-side _ ; 0 - 0

supply current D = 1Mbps square wave with 50% duty cycle, Veep = 3.3V + 10% 3.2 5.1 mA
DRIVER ENABLED, RECEIVER ENABLED

Logic-side

Sugply current Vge = Venon, Vo = Veer, Veer =5V + 10% 2.6 4.4 mA
Logic-side

sugply current | VR = Venpw Vo = Veey, Veer = 3.3V £ 10% 26 44| mA
Logic-side — _ b ith 50% d I - +10%, C, @ = 3 2

supply current Vre = Venp1, D = 1Mbps square wave with 50% duty cycle, Vecy =5 V  10%, Cygr)™ = 15 pF 4 5. mA
Logic-side RE= = 1Mb ith 50% d | =33V +10%, Cup® = 3.2 2
supply current Vre = Venp1, D= 1Mbps square wave with 50% duty cycle, Veey = 3.3 V + 10%, Cy )Y = 15 pF . 5. mA
DRIVER DISABLED, RECEIVER ENABLED

Logic-side _ _

supply current | V&) 2 200 mV, Vp = Veer, Veer =5 V + 10% 15 31| mA
Logic-side _ _

supply current | V@a® 2 200 MV, Vi = Vey, Voo = 3.3 V £ 10% 15 31| mA
Logic-side A-B) =1Mb ith 50% duty cycle, Vp = Ve, Voer = 5 V  10%, Cury® = 15 pF 17 3.2 A
supply current (A-B) = ps square wave wi % duty cycle, Vp = Ve, Veer = + 0, CLr)” = 15 pl . . m,
Logic-side A-B) = IMb ith 50% duty cycle, Vp = Ve, Ve = 3.3 V £ 10%, Cy gy ® = 15 pF 17 3.2 A
supply current (A-B) = ps square wave wi % duty cycle, Vp = Ve, Veer = 3. + 0, CLr)” =15 p . . m,
DRIVER DISABLED, RECEIVER DISABLED

Logic-side

Sugply current Ve = Veno1: Vo = Veer Veer =5 V £ 10% 15 31| mA
Logic-side

sugply current | YoE = Venow Vo = Vee, Veer =33V £ 10% 15 31| mA
(1) Cy is the load capacitance on the R pin.
6.12 Supply Current Characteristics: Side 2(l¢c,)

VRre = Venpi OF Vre = Veep (over recommended operating conditions unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT

DRIVER ENABLED, BUS UNLOADED

CBJ‘rSr;'?e SUPPY | v/ = Viger, Veep = 5V + 10% 2.5 44| mA
DRIVER ENABLED, BUS LOADED

Bus-side SUPPYY | vy = Vieey, R =54 @, Vecy =5V £ 10% 52 70| mA
cBllJJrSr-esnI?e supply D =1Mbps square wave with 50% duty cycle, R, =54 Q, C, =50 pF, Vcco =5V + 10% 60 80 mA
DRIVER DISABLED, BUS LOADED OR UNLOADED

Bus-side supply |\, _ v Ve, =5V £ 10% 2.4 39| mA

current

Copyright © 2018-2019, Texas Instruments Incorporated
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6.13 Switching Characteristics: Driver
Typical specs are at Vc1=3.3V, V=5V, T,=27°C (Min/Max specs over recommended operating conditions unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT

1Mbps DEVICE

tr, t Differential output rise time and fall time | R_ =54 Q, C, =50 pF, see B 21 210 300 ns
tpHL, tpLH | Propagation delay R =54 Q, C_ =50 pF, see ¥ 21 210 300 ns
PWD Pulse width distortion®, |ty — tpLul R =54 Q, C_ =50 pF, see @ 21 3 30 ns
tprz, tpLz | Disable time See B 23, and B 24 160 250 ns
tpzn, tpzL | Enable time See B 23, and B 24 200 400 ns

(1) Also known as pulse skew.

6.14 Switching Characteristics: Receiver
Typical specs are at V¢1=3.3V, V=5V, T,=27°C (Min/Max are over recommended operating conditions unless otherwise

noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
1Mbps DEVICE
tr, t Differential output rise time and fall time | C_ = 15 pF, see B 25 2.4 4 ns
tpHL, tpLH | Propagation delay C_ =15 pF, see B 25 120 180 ns
PWD Pulse width distortion®, |tppy — tpul C_ =15 pF, see B 25 5 20 ns
tpyz, tpz | Disable time See B 26 and B 27 11 30 ns
tpzh, tpzL | Enable time See B 26 and B 27 7 20 ns
(1) Also known as pulse skew.
6.15 Insulation Characteristics Curves
700 1200
— Ve =1.89V
600 — Vgo=275V N\
—_ Ve =36V __ 1000
< =
€ o0 N\ — Vgg=5.5V = \
g \\ 5 800 AN
£ E
3 400 S \
o \ 2 600
£ 300 =
E E \
3 \\ 2 400 N
3 200 3 \
© ©
“ 100 \ @ 200
0 50 100 150 200 0 50 100 150 200
Ambient Temperature (°C) Ambient Temperature (°C)
1. Thermal Derating Curve for Limiting Current per VDE 2. Thermal Derating Curve for Limiting Power per VDE
10 MY © 2018-2019, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/iso1500?qgpn=iso1500
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

1ISO1500

ZHCSIV2C —SEPTEMBER 2018—REVISED SEPTEMBER 2019

6.16 Typical Characteristics

35 80
— lect (Veer =3.3V) — lcct (Veet1=3.3V)
30 — lccz (Vocz = 5V) 70 — loca (Vece=5V)
< 25 b 60 [ T ey
E ] £ 50
g 20 3
S / é 40
2 15 S
§ / § 30
» 10 @
L 20
5 10
0 0
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Data Rate (kbps) Data rate (kbps)
Ta = 25°C DE = Vcep RE = GND1 Ta = 25°C DE = Vcep RE = GND1
= Driver load = 54 Load on R =15 pF
3. Supply Current Vs Data Rate- No Load ohm || 50 pF
4. Supply Current Vs Data Rate- with 54 Q || 50 pf Load
60 4.5
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Data rate (kbps) Driver output current (mA)
Tp = 25°C DE = Vcer RE = GND1 DE = Vcer D = GND1 Veer =3.3V
Driver load = 120 Load on R =15 pF Vecoa =5V Tp=25°C
ohm || 50 pF
6. Driver Differential Output Voltage Vs Driver Output
5. Supply Current Vs Data Rate - with 120 Q || 50 pf Load Current
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Typical Characteristics (T X)

9. Driver Output Current Vs Supply Voltage (Vccz)
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Driver output current (mA) Ambient temp (°C)
DE = Vcc]_ D = GND1 VCCl =33V
Vcc2 =5V TA = 25°C
7. Driver Output Voltage Vs Driver Output Current B 8. Driver Differential Output Voltage Vs Temperature
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10. Driver rise/fall time vs Temperature
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Typical Characteristics (T X)

Driver Propoagation Delay (ns)

215

210
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200
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Vccz =5V

100 120 140

Vcc]_ =33V

11. Driver Propagation Delay vs Temperature

V)

High Level Output Voltage

7
— Von (1.8V)
6 — Vou (3.3V)
Vo (5V)
5
4
3
2
—
.
/_
1
0
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High Level Output Current (mA)
Ta=25°C

12. Receiver Buffer High Level Output Voltage Vs High
Level Output Current
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Low Level Output Current (mA) Temperature (°C)
TA = 25°C VCCl =33V VCCZ =5V
13. Receiver Buffer Low Level Output Voltage Vs Low 14. Receiver Propagation Delay Vs Temperature
Level Output Current
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Typical Characteristics (T X)
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18. Ve Power Up / Power down- Glitch Free Behavior

17. Vi Power Up / Power down- Glitch Free Behavior
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7 Parameter Measurement Information

Vece

DE = Vcey 1

D=0or
Veci

375Q

(1) RL=100 Q for RS422, R = 54 Q for RS-485

GND2

20. Driver Voltages

VOD
R cM
L
54 Q1% 50 pF +20%

Input
Generator

GND1

(1) C_ includes fixture and instrumentation capacitance.

21. Driver Switching Specifications

_ Vcc1 VCCZ
10 uF
Veor DE 0.1uF 10 uF
AWF dp M
0.1yl | A
GND1 +
54 Q Von or VoL
GND14T
° ° R _U'
+ _L Cu RE
Vor or Vo <1 kQ 15 pFt"
- GND1 GND2
<
:; + VCM - /77

(1) Includes probe and fixture capacitance.

22. Common Mode Transient Immunity (CMTI)—Half Duplex
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Parameter Measurement Information (3T R)

— — — = Vo
v, £50% 50%
[ oV
I

Input

Generator Vo -50% 1

GND1
(1) C_includes fixture and instrumentation capacitance

23. Driver Enable and Disable Times

— — — Vo
v, | 50% 50 % \
| ! oV

| |
tPZL—:<—>: tprzre—>

| : Veee
V,
’ DNl /10%
—"=VoL

Input
Generator

GND1

Input
Generator | |Vi

(1) C, includes fixture and instrumentation capacitance.

25. Receiver Switching Specifications

o Veci
N\ s0% /
! —_— — —0v

|
tpzn — :4— tenz —V: <+
| V
| t o oH
Vo |~ 50% A
| | =0V
trzL N—P: : )
| toiz Vet
Vo 50%

0%y,

26. Receiver Enable and Disable Times

16
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Parameter Measurement Information (3T R)
Voot Veer

V) 50%

OVorisV ! —_— — =0V

tpzn =

1.5 Vorov L — — —Vou Aati5V

Vo | /4 50% \ BatoV
. =0V S1toGND
Input tpzL r—m

Generator P2 | Veor AatOV

v ! 50% Bat1.5V
° ° Y Sito
— oL ch
27. Receiver Enable and Disable Times
Steady-S A A
teady-State Steady State
Logic Input Logic Input —7VsVs12V
(10r0) B (10r0) T
o]
GND

(1) The driver should not sustain any damage with this configuration.

28. Short-Circuit Current Limiting
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8 Detailed Description

8.1 Overview

The 1S0O1500 device is an isolated RS-485/RS-422 transceiver designed to operate in harsh industrial
environments. This device supports data transmissions up to 1 Mbps. The ISO1500 device has a 3-channel
digital isolator and an RS-485 transceiver in an ultra-small SSOP package. The silicon-dioxide based capacitive
isolation barrier supports an isolation withstand voltage of 3 kVgxys and an isolation working voltage of 566 Vpy.
Isolation breaks the ground loop between the communicating nodes and lets data transfer in the presence of
large ground potential differences. The wide logic supply of the device (Vcc1) supports interfacing with 1.8-V, 2.5-
V, 3.3-V. and 5-V control logic. Functional Block Diagram shows the functional block diagram of the the half-
duplex device.

8.2 Functional Block Diagram

|
Vv
Veet | | Ve cez
| Vee
|
| \ 4
D » 1 D A
; J Half duplex
] - qallli
Q ! B\
E |
/J:Nm : GND2 GND2
| A4 N
8.3 Feature Description
#% 1 shows an overview of the device features.
% 1. Device Features
PART NUMBER ISOLATION DUPLEX DATA RATE PACKAGE
1SO1500 Basic Half 1 Mbps 16-pin SSOP

8.3.1 Electromagnetic Compatibility (EMC) Considerations

Many applications in harsh industrial environment are sensitive to disturbances such as electrostatic discharge
(ESD), electrical fast transient (EFT), surge and electromagnetic emissions. These electromagnetic disturbances
are regulated by international standards such as IEC 61000-4-x and CISPR 22. Although system-level
performance and reliability depends, to a large extent, on the application board design and layout, the 1ISO1500
device has dedicated circuitry to help protect the transceiver from Contact ESD per IEC61000-4-2.

8.3.2 Failsafe Receiver

The differential receiver of the ISO1500 device has failsafe protection from invalid bus states caused by:
» Open bus conditions such as a broken cable or a disconnected connector

» Shorted bus conditions such as insulation breakdown of a cable that shorts the twisted-pair

» Idle bus conditions that occur when no driver on the bus is actively driving

The differential input of the RS-485 receiver is 0 in any of these conditions for a terminated transmission line.
The receiver outputs a failsafe logic-high state so that the output of the receiver is not indeterminate.

18 MY © 2018-2019, Texas Instruments Incorporated
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The receiver thresholds are offset in the receiver failsafe protection so that the indeterminate range of the input
does not include a 0 V differential. The receiver output must generate a logic high when the differential input (V,p)
is greater than 200 mV to comply with the RS-485 standard. The receiver output must also generate a output a
logic low when Vp is less than —200 mV to comply with the RS-485 standard. The receiver parameters that
determine the failsafe performance are Viy., Vino, and V,ys. Differential signals less than —200 mV always
cause a low receiver output as shown in the Electrical Characteristics table. Differential signals greater than 200
mV always cause a high receiver output. A differential input signal that is near zero is still greater than the V1,
threshold which makes the receiver output logic high. The receiver output goes to a low state only when the
differential input decreases by V,ys to less than Vq..

The internal failsafe biasing feature removes the need for the two external resistors that are typically required
with traditional isolated RS-485 transceivers as shown in & 29.

Traditional ISO1500
transceiver (R1 and R2 not needed)
I I
| |
Veee V,
Veet | Veea Vet | Veee TCCZ
| v 3" | v
I I
| A *—& | A \ 4
| Rr RS-485 | Ry RS-485
Bus Bus
| B 9o | B °
GND1 | GND2 GND1 | GND2
| | i
| ISO | ISO
Galvanic Ground Galvanic Ground
Isolation Barrier Isolation Barrier

29. Failsafe Transceiver

8.3.3 Thermal Shutdown

The ISO1500 device has a thermal shutdown circuit to protect against damage when a fault condition occurs. A
driver output short circuit or bus contention condition can cause the driver current to increase significantly which
increases the power dissipation inside the device. An increase in the die temperature is monitored and the device
is disabled when the die temperature becomes 170°C (typical) which lets the device decrease the temperature.
The device is enabled when the junction temperature becomes 163°C (typical).

8.3.4 Glitch-Free Power Up and Power Down

Communication on the bus that already exist between a master node and slave node in an RS485 network must
not be disturbed when a new node is swapped in or out of the network. No glitches on the bus occur when the
device is:

» Hot plugged into the network in an unpowered state
» Hot plugged into the network in a powered state and disabled state
» Powered up or powered down in a disabled state when already connected to the bus

The 1SO1500 device does not cause any false data toggling on the bus when powered up or powered down in a
disabled state with supply ramp rates from 100 ps to 10 ms.

MR © 2018-2019, Texas Instruments Incorporated 19
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8.4 Device Functional Modes
Fk 2 shows the driver functional modes.
£% 2. Driver Functional Table®
DRIVER ENABLE OUTPUTS
Veer Ve INPUT D = A .
H H H L
L H L H
PU PU X L Hi-z Hi-z
X Open Hi-Z Hi-Z
Open H H L
PD®@ PU X X Hi-Z Hi-Z
X PD X X Hi-z Hi-z

(1) PU = Powered Up; PD = Powered Down; H = High Level; L = Low level; X = Irrelevant, Hi-Z = High impedance state
(2) A strongly driven input signal can weakly power the floating V1 through an internal protection diode and cause an undetermined
output.

When the driver enable pin, DE, is logic high, the differential outputs, A and B, follow the logic states at data
input, D. A logic high at the D input causes the A output to go high and the B output to go low. Therefore the
differential output voltage defined by 23 1 is positive.

Vop = Va— Vg (1)

A logic low at the D input causes the B output to go high and the A output to go low. Therefore the differential
output voltage defined by 23 1 is negative. A logic low at the DE input causes both outputs to go to the high-
impedance (Hi-Z) state. The logic state at the D pin is irrelevant when the DE input is logic low. The DE pin has
an internal pulldown resistor to ground. The driver is disabled (bus outputs are in the Hi-Z) by default when the
DE pin is left open. The D pin has an internal pullup resistor. The A output goes high and the B output goes low
when the D pin is left open while the driver enabled.

& 3 shows the receiver functional modes.

# 3. Receiver Functional Table®

Vecer Veeo DIFFERENTIAL INPUT RECEIVER ENABLE RE OUTPUT R
Vip=Va-Vg
-0.02V < Vp L H
-0.2V<Vp<0.02V L Indeterminate
Vip< —0.2 V L L
PU PU -
X H Hi-Z
X Open Hi-Z
Open, Short, Idle L H
PD®@ PU X X Hi-Z
PU PD X L H
PD® PD X X Hi-z

(1) PU = Powered Up; PD = Powered Down; H = Logic High; L= Logic Low; X = Irrelevant, Hi-Z = High Impedance (OFF) state
(2) A strongly driven input signal can weakly power the floating Vcc1 through an internal protection diode and cause an undetermined
output.
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The receiver is enabled when the receiver enable pin, RE, is logic low. The receiver output, R, goes high when
the differential input voltage defined by 23 2 is greater than the positive input threshold, V..

Vip=Va—Vg (2

The receiver output, R, goes low when the differential input voltage defined by A3\ 2 is less than the negative
input threshold, Vr_. If the V|p voltage is between the V14, and Vr_ thresholds, the output is indeterminate. The
receiver output is in the Hi-Z state and the magnitude and polarity of V|5 are irrelevant when the RE pin is logic
high or left open. The internal biasing of the receiver inputs causes the output to go to a failsafe-high when the
transceiver is disconnected from the bus (open-circuit), the bus lines are shorted to one another (short-circuit), or
the bus is not actively driven (idle bus).

8.4.1 Device I/O Schematics

D and RE Inputs DE Input

Vect Veer  Veet Veei Vet Vet Vet

1.5 MQ

985 Q
Input

985 Q
Input

1.5 MQ

R Output

Vet

30. Device I/O Schematics
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9 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The 1SO1500 device is designed for bidirectional data transfer on multipoint RS-485 networks. The design of
each RS-485 node in the network requires an ISO1500 device and an isolated power supply as shown in & 32.

An RS-485 bus has multiple transceivers that connect in parallel to a bus cable. Both cable ends are terminated
with a termination resistor, Ry, to remove line reflections. The value of Rt matches the characteristic impedance,
Z,, of the cable. This method, known as parallel termination, lets higher data rates be used over a longer cable
length.

In half-duplex implementation, as shown in & 31, the driver and receiver enable pins let any node at any given
moment be configured in either transmit or receive mode which decreases cable requirements.

Integrated isolation barrier allows for communication between

R nodes with large ground potential differences 7777 a3
! I
| ! | .
I ! !
! I
R |

A R — — Al R
BB s ysomsssssssmioos >3-4
| I B B | DE I
| ° I | D |
| ! t |
| | Al B Al B | |
Lo——p — <+ —-———- |

o o

4__8__1_ _4__B8__1_
3 2
T W w o rWwwo
£ 8 & &

31. Half-Duplex Network Circuit
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9.2 Typical Application
32 shows the application circuit of the ISO1500 device.

|
GND D2 | Bhr - ‘;IN OUT5I
. SN6505 3 % | g 7 EN
- EN Vo ° # 2 | 6 # TPS76350 :
2 4
GND  NC}—
% 1 % | g 5
CLK D1 . hL
|
|
” 1 f 10, 16
» * Veet Veee — *
I 0.1 uF_T— 5 | —Lo.1 WF x 2
Voo 3 GND1 : $
GPIO1 |4 3R | Nc|14
MCU 4lgE | sl13
GPIOZ—E5: ISO]SOO 12
DE | A .
—11 33V 6 nel 11
GPI03 »D | Optional bus
N ps DGND | protection
7|NC
|
ov
o= 81 anp1 | anD2|215 *
) f
= ?7 7 -
Protective Chasis Digital oavanie ISO
Earth  Ground Ground Ground

32. Typical Application

9.2.1 Design Requirements

Unlike an optocoupler-based solution, which requires several external components to improve performance,
provide bias, or limit current, the ISO1500 device only requires external bypass capacitors to operate.

9.2.2 Detailed Design Procedure

The RS-485 bus is a robust electrical interface suitable for long-distance communications. The RS-485 interface
can be used in a wide range of applications with varying requirements of distance of communication, data rate,
and number of nodes.

9.2.2.1 Data Rate and Bus Length

The RS-485 standard has typical curves similar to those shown in 33. These curves show the inverse
relationship between signaling rate and cable length. If the data rate of the payload between two nodes is lower,
the cable length between the nodes can be longer.
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Typical Application (#ETR)

10000

I I
5%, 10°\/, and 20% Jitter

1000 \§\§
- Characteristics \\%

100 1k 10k 100 k ™ 10M 100 M
Data Rate (bps)

Cable Length (ft)

33. Cable Length vs Data Rate Characteristics

Applications can increase the cable length at slower data rates compared to what is shown in & 33 by allowing
for jitter of 5% or higher. Use B 33 as a guideline for cable selection, data rate, cable length and subsequent
jitter budgeting.

9.2.2.2 Stub Length

In an RS-485 network, the distance between the transceiver inputs and the cable trunk is known as the stub. The
stub should be as short as possible when a node is connected to the bus. Stubs are a non-terminated piece of
bus line that can introduce reflections of varying phase as the length of the stub increases. The electrical length,
or round-trip delay, of a stub should be less than one-tenth of the rise time of the driver as a general guideline.
Therefore, the maximum physical stub length (L(stug)) is calculated as shown in N 3.

Lstugs0.1lxt xvxc

where
et is the 10/90 rise time of the driver.
« cis the speed of light (3 x 108 m/s).
* vis the signal velocity of the cable or trace as a factor of c. 3)

9.2.2.3 Bus Loading

The current supplied by the driver must supply into a load because the output of the driver depends on this
current. Add transceivers to the bus to increase the total bus loading. The RS-485 standard specifies a
hypothetical term of a unit load (UL) to estimate the maximum number of possible bus loads. The UL represents
a load impedance of approximately 12 kQ. Standard-compliant drivers must be able to drive 32 of these ULs.

The 1SO1500 device has 1/8 UL impedance transceiver and can connect up to 256 nodes to the bus.

10 Power Supply Recommendations

To make sure device operation is reliable at all data rates and supply voltages, a 0.1-uF bypass capacitor is
recommended at the logic and transceiver supply pins (Ve and Veey). The capacitors should be placed as near
to the supply pins as possible. Side 2 requires one V¢, decoupling capacitor on each V¢, pin. If only one
primary-side power supply is available in an application, isolated power can be generated for the secondary-side
with the help of a transformer driver such as Tl's SN6505B device. For such applications, detailed power supply
design and transformer selection recommendations are available in the SN6505 Low-Noise 1-A Transformer
Drivers for Isolated Power Supplies data sheet.
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11 Layout

11.1 Layout Guidelines

A minimum of four layers is required to accomplish a low EMI PCB design (see Figure 34). Layer stacking should
be in the following order (top-to-bottom): high-speed signal layer, ground plane, power plane and low-frequency
signal layer.

* Routing the high-speed traces on the top layer avoids the use of vias (and the introduction of their
inductances) and allows for clean interconnects between the isolator and the transmitter and receiver circuits
of the data link.

* Placing a solid ground plane next to the high-speed signal layer establishes controlled impedance for
transmission line interconnects and provides an excellent low-inductance path for the return current flow.

» Placing the power plane next to the ground plane creates additional high-frequency bypass capacitance of
approximately 100 pF/in?.

* Routing the slower speed control signals on the bottom layer allows for greater flexibility as these signal links
usually have margin to tolerate discontinuities such as vias.

35 shows the recommended placement and routing of the device bypass capacitors and optional TVS diodes.
Put the two V¢, bypass capacitors on the top layer and as near to the device pins as possible. Do not use vias
to complete the connection to the V-, and GND2 pins. If an additional supply voltage plane or signal layer is
needed, add a second power or ground plane system to the stack to keep it symmetrical. This makes the stack
mechanically stable and prevents it from warping. Also the power and ground plane of each power system can
be placed closer together, thus increasing the high-frequency bypass capacitance significantly.

Refer to the Digital Isolator Design Guide for detailed layout recommendations.

11.1.1 PCB Material

For digital circuit boards operating at less than 150 Mbps, (or rise and fall times greater than 1 ns), and trace
lengths of up to 10 inches, use standard FR-4 UL94V-0 printed circuit board. This PCB is preferred over cheaper
alternatives because of lower dielectric losses at high frequencies, less moisture absorption, greater strength and
stiffness, and the self-extinguishing flammability-characteristics.

11.2 Layout Example

High-speed traces —T—_l———-\/——————-—'———
10 mils § :
Ground plane { —
! Keep this space ! FR-4
40 mils ! free from planes, ! & ~45

i traces, pads, and :
vias

Power plane

10 mils

Low-speed traces

Figure 34. Recommended Layer Stack
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Layout Example (# FR)
Minimize
L distance to
{1 _~" supply pins >
Vet L« PRYRIS Sy Veeo
C Veor Voo c Optional bus
GND1 | .| GND2 prot/ectlon
2 -
R g NG P
MCU RE g
oS 3 D1 [ RS-485
DE 5
D s NC
NC B Ve
GND1 GND2 Y

35. Layout Example
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Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.
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E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

1SO1500DBQ Active Production SSOP (DBQ) | 16 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1500
1SO1500DBQ.B Active Production SSOP (DBQ) | 16 75| TUBE - Call Tl Call Tl -40 to 125

1ISO1500DBQR Active Production SSOP (DBQ) | 16 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1500
1ISO1500DBQR.B Active Production SSOP (DBQ) | 16 2500 | LARGE T&R - Call Tl Call Tl -40 to 125

ISO1500DBQRG4 Active Production SSOP (DBQ) | 16 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 1500
ISO1500DBQRG4.B Active Production SSOP (DBQ) | 16 2500 | LARGE T&R - Call Tl Call Tl -40 to 125

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
1ISO1500DBQR SSOP DBQ 16 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
ISO1500DBQRG4 SSOP DBQ 16 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ISO1500DBQR SSOP DBQ 16 2500 350.0 350.0 43.0
ISO1500DBQRG4 SSOP DBQ 16 2500 350.0 350.0 43.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
ISO1500DBQ DBQ SSOP 16 75 505.46 6.76 3810 4
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; PACKAGE OUTLINE
DBQO016A SSOP - 1.75 mm max height

SHRINK SMALL-OUTLINE PACKAGE

SEATING PLANE

/1

228-244 TYP
" [5.80-6.19] i <~
A
T PIN 1 ID AREA 14x 0250
16 [0.635] -
1 | =" s
—] =3
—/ ]
189-197 L—— X
[4.81.5.00] 175
NOTE 3 —/ ] [4.45]
—/ ]
—/ ]
s == 7/{ _V -
9
16X .008-.012
B i;5801_-';5978] — [0.21-0.30] —=| .069 MAX L
NOTE 4 [ [.007 [0.17@ [C[A®) [BO | [1.79]
/ \
( |/ ) \u
| .005-010 TYP
. J \ / / k J [0.13.0.25]
E /
N~ \ T
SEE DETAIL A
010
[0.25]
GAGE PLANE
I — —
. 7§/ AL .004-.010
0°-8 [0.11-0.25]
.016-.035
[0.41-0.88] DETAIL A
(041 ) ==  TYPICAL
[1.04]
4214846/A 03/2014
NOTES:

-

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 inch, per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MO-137, variation AB.

o wiN
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EXAMPLE BOARD LAYOUT
DBQO016A SSOP - 1.75 mm max height

SHRINK SMALL-OUTLINE PACKAGE

16X (.063)

[1.6] SYMM SEE

M (t DETAILS
- | 16

16X (.016 ) ] % |

[0.41] i

s S s

Lo E= —

’ |
jﬁ — | ]
14X (t826530 ]) lil ! ]
635 8
ﬁ‘ |

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK SOLDER MASK
METAL [ OPENING SPENIN G\ /METAL
S N S
1
;

Lo === -
Ae .002 MAX I=— .002 MIN
[0.09] [0.05]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214846/A 03/2014

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBQO016A SSOP - 1.75 mm max height

SHRINK SMALL-OUTLINE PACKAGE

16X (.063)
[1.6] SYMM
¢
\
|
|
|
|

- -
w5
T

STLMM
= T R i R
T —— |
14X (.0250 ) ﬁ |
(0635 J—— | o
| (213) |
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.127 MM] THICK STENCIL
SCALE:8X

4214846/A 03/2014

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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