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6A Sink/5A Source, 5.7kVrws Isolated Dual-Channel Gate Driver

1. Features

e  Support Broad Range of Applications
. Dual low-side, dual high-side drivers
Half-bridge drivers
e  6A Peak Sink Current and 5A Peak Source Current
¢ Wide Supply Range:
3V to 18V Input-side Vcc supply range
. Up to 25V Vpp_ output drive supply
Provide6V. 8V and 12V precision UVLO options
¢  Delay Characteristics
56ns Propagation delay (Typ.)
. 5ns Propagation delay matching (Max.)
7ns Pulse width distortion(Max.)
. 20ns Minimum pulse width(Typ.)
¢ Programmable Overlap and Dead-time
e  -40°Cto +125°C Operating Temperature Range
¢ Robust Galvanic Isolation
High lifetime: >40 years
Up to 3.75kVrums (narrow SOIC package) isolation
rating
Common-mode transient immunity (CMTI) >
+100V/ns
. Withstands up to 8kV surge
¢  Package options
. Narrow-body SOIC16(N) package
e  Safety regulatory approvals
VDE Basic isolation and Basic isolation per DIN
EN IEC 60747-17 (VDE 0884-17): 2021-10
. UL certification per UL 1577 for 1 minute
. TUV certification per EN61010-1:2010+A1
. AEC-Q100, Grade 1

2. Applications

e Isolated DC-DC and AC-DC Converters
¢ Motor Control

e  LED Lighting

¢  Uninterruptible Power Supply (UPS)

e |solated Gate Driver for Inverters

e  HEV/EV Battery Charger

3. General Description

The CA-1S322x devices are a family of dual-channel isolated
gate drivers capable of sinking 6A and sourcing 5A peak
currents. These devices have very fast switching time,
combined with short propagation delays (56ns, typ) and
small pulse width distortion, making them ideal to drive
power MOSFET, IGBT or silicon-carbide(SiC) transistors
with up to 5MHz frequency in various inverter, isolated
power supply or motor control applications.

All devices have integrated digital galvanic isolation using
Chipanalog’s proprietary capacitive isolation technology.
They feature isolation for a withstand voltage rating of
3.75kVgms for 60 seconds with minimum common-mode
transient immunity (CMTI) of 100V/ns. The internal
functional isolation between driver A and driver B on the
secondary-side allows up to 1500V DC working voltage.

The CA-1S322x family of devices can be configured as dual
low-side, dual high-side or half-bridge drivers with
programmable dead-time. The enable control (EN pin for
the CA-1S3222) and disable control (DIS pin for the
CA-1S3221) allow both driver A and driver B outputs to be
quickly set to logic-low, turning off the external power
transistor. They also have a default-low output. The default
is the state the output assumes when the input is either
not powered or is open-circuit. Also, the driver outputs are
set to logic-low when input-side or output-side supply is in
UVLO, or the device is disabled.

The CA-1S322x devices accept 3V to 18V Vcq supply and up
to 25V Vpp_ wide supply range. They are available in a
16-pin narrow-body SOIC package. The devices are rated
for operation at ambient temperatures of -40°C to +125°C.

Device Information

Package Size

Part Number Package )
(Nominal Value)
CA-1S3221-Q1
SOIC16-NB(N 9.9 39
CA-1S3222-Q1 (N) mm x 3.9 mm
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Simplified Schematic
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4. Ordering Information

Table 4-1. Ordering Information

Part # DIS PIN / EN PIN ‘ VDDA/VDDB UVLO Isolation Rating Package

CA-1S3221AN-Q1 DIS 6 3.75 kVrums SOIC16-NB
CA-1S3221BN-Q1 DIS 8 3.75 kVrms SOIC16-NB
CA-1S3221CN-Q1 DIS 12 3.75 kVrms SOIC16-NB
CA-IS3222AN-Q1 EN 6 3.75 kVrms SOIC16-NB
CA-1S3222BN-Q1 EN 8 3.75 kVrums SOIC16-NB
CA-1S3222CN-Q1 EN 12 3.75 kVrums SOIC16-NB
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6. Pin Configuration and Description

6.1. CA-I1S3221-Q1 Pin Configuration and Description

SOIC16-NB Top View

INA [T 1. 16[ 1] vDDA
ins [ 2 15[ 1] OUTA
veal [ 3 > 14[T] vssA
GNDI [T 4 2 13[TInc
pis ] s g 12[ TInc
pt[] 6 2 11[1] vbpB
nc [ 7 10[ 1] ouTs
veal [ 8 9 [ O vsss

Figure 6-1. The CA-1S3221-Q1 Pin Configuration (SOIC16 Narrow Package)

Table 6-1. The CA-1S3221-Q1 Pin Description

Pin Name Pin Number ‘ Type ‘ Description
INA 1 Input Driver A input. INA is TTL/CMOS compatible and has internal pulldown to GNDI.
Connect this pin to GNDI if not used.
INB ) Input Driver B input. INB is TTL/CMOS compatible and has internal pulldown to GNDI.
Connect this pin to GNDI if not used.
veel 33 Power 3V to 18 V power supply input for input side. Bypass VCCI to GNDI with an at
’ Supply least 0.1uF capacitor as close to the device as possible.
GNDI 4 Ground Ground reference for input-side
Disable input on input-side. Drive DIS high to disable isolator and put driver
DIS 5 Logic Input output low; Drive DIS low or leave open, enable gate driver. DIS has internal
pull-down to GNDI. Connect this pin to GNDI if not used.
Programmable dead-time input. Connecting DT to V¢ allows the output to
overlap; Placing a 500Q to 500kQ resistor between DT and GNDI adjusts dead
DT 6 Input time according to tpr(ns)=10 x Rpr ( kQ). We recommended to bypass DT to GNDI
with an at least 2.2nF ceramic capacitor as close to pin DT and resistor RDT as
possible. This Pin cannot be floating.
NC 7,12,13 No internal connection.
VSSB 9 Ground Ground reference for output-side (driver B).
ouTB 10 Output Gate driver output B.
VDDB 1 Power Power supply input for output-side (driver B). Bypass VDDB to VSSB with
Supply 0.1uF| | 10uF capacitors as close as possible to the pin VDDB.
VSSA 14 Ground Ground reference for output-side (driver A).
OUTA 15 Output Gate driver output A.
VDDA 16 Power Power supply input for output-side (driver A). Bypass VDDA to VSSA with
Supply 0.1uF| | 10uF capacitors as close as possible to the pin VDDA.
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6.2. CA-I1S3222-Q1 Pin Configuration and Description

SOIC16-NB Top View

INA [T 1. 16[ 1] vDDA
inB ] 2 1511 ouTA
vea [ 3 > 14[T]vssA
GNDI [T 4 o 13[TInc
en[] 5 g 12[ TInc
pT[I] 6 2 11 1] vobs
Nc [ 7 10 1] outs
veal [T 8 9 [ D vsss

Figure 6-2. The CA-1S3222-Q1 Pin Configuration (SOIC16 Narrow Package)

Table 6-2. The CA-1S3222 Pin Description

Pin Name Pin Number Description
INA 1 Input Driver A input. INA is TTL/CMOS compatible and has internal pull-down to GNDI.
Connect this pin to GNDI if not used.
INB ) Input Driver B input. INB is TTL/CMOS compatible and has internal pull-down to GNDI.
Connect this pin to GNDI if not used.
veel 38 Power 3V to 18 V power supply input for input side. Bypass Vcc to GNDI with an at least 0.1uF
! Supply capacitor as close to the device as possible.
GNDI 4 Ground | Ground reference for input-side.
Logic Active-high enable input on input-side. Drive EN low or connect to GNDI to disable
EN 5 Input isolator and put driver output low; Drive EN high or leave open, enable gate driver. EN
has internal pull-up to VCCI. Connect this pin to Vg if not used.
Programmable dead-time input. Connecting DT to V¢ allows the output to overlap;
Placing a 500Q to 500kQ resistor between DT and GNDI adjusts dead time according to
DT 6 Input tor(ns)=10 x Ropr ( kQ). We recommended to bypass DT to GNDI with an at least 2.2nF
ceramic capacitor as close to pin DT and resistor RDT as possible. This Pin cannot be
floating.
NC 7,12,13 - No internal connection.
VSSB 9 Ground | Ground reference for output-side (driver B).
OouTB 10 Output Gate driver output B.
VDDB 1 Power Power supply input for output-side (driver B). Bypass VDDB to VSSB with 0.1uF| | 10uF
Supply capacitors as close as possible to the pin VDDB.
VSSA 14 Ground Ground reference for output-side (driver A).
OUTA 15 Output Gate driver output A.
VDDA 16 Power Power supply input for output-side (driver A). Bypass VDDA to VSSA with 0.1uF| | 10uF
Supply capacitors as close as possible to the pin VDDA.

Copyright © 2021, Chipanalog Incorporated

Shanghai Chipanalog Microelectronics Co., Ltd.




PN
CHIPANALOG
CA-1S3221-Q1, CA-I1S3222-Q1 —
Version 1.01 Shanghai Chipanalog Microelectronics Co., Ltd.
7. Specifications

7.1. Absolute Maximum Ratings!?
over operating free-air temperature range unless otherwise specified. *

Parameters Minimum Maximum ‘ Unit
Power supply voltage on input-side VCCl to GNDI -0.3 20 Y
Power supply voltage on output-side VDDA-VSSA, VDDB-VSSB -0.3 30 \
+0.
OUTA to VSSA, OUTB to VSSB 0.3 Voout0.3
. VDDB+O-3
Driver output \%
. VDDA+O.3
OUTA to VSSA, OUTB to VSSB, 200ns transient. -2
VDDB+O-3
. INA, INB, DIS, DT to GND -0.3 Vce+0.3
Input signals - \
INA, INB, 50ns transient. -5 Vce+0.3
Channel to channel voltage VSSA-VSSB, VSSB-VSSA 1500 Vv
Junction temperature? -40 150 °C
Storage temperature -65 150 °C
Notes:
1. The stresses listed under “Absolute Maximum Ratings” are stress ratings only, not for functional operation condition. Exposure to absolute
maximum rating conditions for extended periods may cause permanent damage to the device.
2. To maintain the recommended operating junction temperature conditions, see Thermal Information.

7.2. ESD Ratings

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001. +4000

V Electrostatic discharge \
=0 g Charged device model (CDM), per JEDEC specification JESD22-C101. +1000

7.3. Recommended Operating Conditions
Over operating free-air temperature range unless otherwise specified.

Parameters Minimum Maximum
Vea Power supply voltage on input-side 3 18 Vv
6V UVLO version 8 25 Vv
Vopa, Vope Power supply voltage on output-side 8V UVLO version 10 25 Vv
12V UVLO version 14 25 Vv
Ty Junction temperature -40 130 °C
Ta Ambient temperature -40 125 °C

7.4. Thermal Information

Thermal Metric SOIC16-NB Unit
Reia Junction-to-ambient thermal resistance 96.2 °C/W
7.5. Power Ratings
Parameters Test Conditions Typical Value Unit
Maximum input and output power
PD .. . Vcc|= 18V, VDDA=VDDB:15V, 1.05 W
dissipation
P Maximum input power dissipation INA/INB=3.3V, 3MHz square wave 0.05 w
o - putp - p. - with 50% duty cycle, C, = 1nF -
Pp2 Maximum output power dissipation 0.5 W
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7.6. Insulation Specifications

Specifications

Parameters Test Conditions N
CLR External clearance Shortest terminal-to-terminal distance through air >4 mm
Shortest terminal-to-terminal distance across the package
CPG External creepage >4 mm
surface
DTI Distance through the insulation Minimum internal gap (internal clearance) >28 pm
CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 > 600 \
Material group According to IEC 60664-1 |
Rated mains voltage < 150 Vgrws -1V
IEC 60664-1 over-voltage category Rated mains voltage < 300 Vgrwus -l
Rated mains voltage < 600 Vrus /
DIN V VDE V 0884-17: 2021-10
Viorm Maximum repetitive peak isolation voltage AC voltage (bipolar) 566 Vpk
AC voltage; time-dependent dielectric breakdown (TDDB)
. L . 400 Vrms
Viowm Maximum operating isolation voltage test
DC voltage 566 Vbe
Viotm Maximum transient isolation voltage x:z ; ;/j;T:(A’\/tI;:\i Stgusa(l f(l)c(;:\;c::)c;duct test) 5300 Vi
Viost Maximum surge isolation voltage? Test method per IEC 62.3.68—-1, 1.2/50 ps waveform, 5000 Vo
Vrest= 1.3 x Viosm (qualification)
Method a, after input/output safety tests subgroup 2/3,
Vini = Viotm, tini = 60s; <5
Vpd(m) =1.2x V|0Ryv|, tn = 10s
Method a, after environmental tests subgroup 1,
Cpd Apparent charge3 x:;(m)\gong :Tho:n:),sém _ 108 > pC
Method b1, at routine test (100% production test) and
preconditioning (sample test) <
Vini = 1.2 X Viorm, tini = 1s;
Vpd(m) =1.5x VIORM, tm = 1s
Cio Barrier capacitance, input to output* Vio = 0.4 x sin (2mtft), f = 1 MHz 0.5 pF
Vio =500V, Ta=25°C >1012
Rio Isolation resistance , input to output* Vio =500V, 100°C<Tpo<125°C >1011 Q
Vio =500V at Ts = 150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL 1577

V Maximum isolation voltage Vrest = Viso, £ = 60 s (certified) 3750 V
50 & Vrest = 1.2 X Viso, t = 1 5 (100% production test) RS
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7.7. Safety-Related Certifications
VDE UL TUV
Certified according to DIN EN IEC 60747-17 (VDE
0884-17):2021-10; EN IEC 60747-17:
2020+AC:2021
Basic isolation (SOIC16-NB): Protection voltage: Basic insulation 3750 Vgms for SOIC16-NB
Maximum transient isolation voltage: 5300V« - 3750Vgwms for SOIC16-NB package package
Maximum repetitive-peak isolation voltage: 566 Vi
Maximum surge isolation voltage: 5000V

Certified according to UL 1577

. Certified according to EN 61010-1:2010 +A1
Component Recognition Program

Certificate Number: 40052786 Certificate Number: E511334 Certificate Number: AK 505918190001
CA-IS3221AN-Q1: Pending CA-IS3221AN-Q1: Pending CA-IS3221AN-Q1: Pending
CA-IS3222AN-Q1: Pending CA-I1S3222AN-Q1: Pending CA-IS3222AN-Q1: Pending

7.8. Safety Limits

Parameters Test Conditions
Driver A, 43
T;=150°C, Ta= 25°C Driver B
Is Safety output supply current - mA
Rqia=96.2°C/W, Vppa = Vpps = Driver A, 25
25V,T;= 150°C, Ta=25°C Driver B
Input 50
Ps Safety power dissipation sgjfc= 96.2°C/W, Ty = 150°C, Ta = g::zz:g 2;2 mw
Total 1300
Ts Maximum safety temperaturel 150 °C

Note:
1. Tjgmax) = Ts = Ty + Rgja * Ps, where Tymax) ) is the maximum allowed junction temperature. Ps = Ig * Vy, where Viy is the maximum
supply voltage.
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7.9. Electrical Characteristics

Ta=-40°C to +125°C, Vco = 3.3V or 5V, connect a 0.1uF bypass capacitor between VCCl and GNDI; Vppa = Vpps = 12V for 6V and 8V-UVLO version,
Vppa = Vpps = 15V for 12V-UVLO version, Connect a 1uF bypass capacitor between VDDA and VSSA, between VDDB and VSSB , respectively. Unless
otherwise noted. Typical values are at Ta = +25°C, unless otherwise noted.

Parameters Test Conditions Minimum Typical Maximum  Unit
Supply Current
Ivcer Vca quiescent current Vina=0V, Ving=0V 1.5 2.0 mA
IVDDA;IVDDB VDDA/ VDDB quiescent current V|NA =0 V, VINB= ovVv 1.0 1.8 mA
lvea . (f =500 kHz) current per channel,
V t t 2.0 A
ccl operating curren Cour= 100 pF m
| | . f =500 kHz) current per channel,
VDDA, VDDB Vooa/Voos Operating current ( ) P 3.0 mA
COUT: 100 pF
Vca Undervoltage-Lockout Threshold
Vvcaiuvios) Vg rising INA,INB,DT tied to VCCI, VCClI rising 2.60 2.75 2.95 Vv
chc|(uv|_0,) Vcc| faIIlng |NA,|NB,DT tied to VCC|, VCCI falllng 2.25 2.40 2.60 \%
Undervoltage-lockout threshold
Vvcal_Hys(uvLo) . 0.35 Vv
hysteresis
VDD_ Undervoltage-Lockout Threshold (6V UVLO Version)
v +
VDDA(UVLO®), Vooa/Voos rising VCCI=INA=INB=DT, VDD rising 5.4 6.0 6.6 v
VvbpB(uvLO+)
V, X
VDDA(UVLOY), Vooa/Vops falling VCCI=INA=INB=DT, VDD falling 4.9 55 6.1 v
Vvbpa(uvio-)
Vvbpa_Hys Undervoltage-lockout threshold 0.5 y
VVDDB_HVS hysteresis :
VDD_ Undervoltage-Lockout Threshold (8V UVLO Version)
\
VPDAIVLO) Vooa/Voos rising VCCI=INA=INB=DT, VDD rising 7.3 8.1 8.9 Vv
VvppB(uvLo+)
\ X
VPDAIVLOY), Vooa/Voos falling VCCI=INA=INB=DT, VDD falling 6.7 7.4 8.2 Vv
Vvbpe(uvLo-)
Vvbpa_Hys(uvLo) Undervoltage-lockout threshold 0.7 v
VVDDB_HYs(UVLO) hysteresis :
VDD_ Undervoltage-Lockout Threshold (12V UVLO Version)
A% , - .
VPDA(UVLOY) Vooa/Voos rising VCCI=INA=INB=DT, VDD rising 10.9 12.1 13.3 Vv
Vvbpe(uvLo+)
V X
VPDA(VLOY), Vooa/Voos falling VCCI=INA=INB=DT, VDD falling 9.9 11.1 12.3 Vv
Vvppg(uvio-)
Vvbpa_HYs(uvLo) Undervoltage-lockout threshold 10 v
VybDB_HYS(UVLO) hysteresis :
Logic Input (INA, INB, EN and DIS)
Vinu Input high voltage VIN rising 1.6 1.8 2
VinL Input low voltage VIN falling 0.8 1 1.2
Vhvs Input hysteresis 0.8
Vice Vi Negative transient, referenced to g v
INA, YING GND, 50 ns pulse
Driver Output
lona, loHs Peak output current Cvop = 10 WF, Cloap = 0.18 pF, f = 1 kHz, 5 A
lowa, lots Peak output current Cvop = 10 WF, Cloap = 0.18 pF, f = 1 kHz, 6
lour =-10 mA, Ta = 25°C, Rona, Rons do not
Rona, Rons Output resistance at high ot VA OHA ToHe 5 Q
represent drive pull-up performance.
Rota, Rots Output resistance at low lour =10 mA, Ta = 25°C 0.55
Vona, Vohs Output voltage at high loutr =-10 mA, Ta = 25°C VDD-0.05 Vv
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Voua, Vo | Output voltage at low lour =10 mA, Ta = 25°C 5.5 mV
Dead-time and Overlap
. Connect pin DT to Vcg Overlap time is up to INA and INB
Dead-time -
Ror =20 kQ, See Figure 8-4 160 200 240 ns

7.10. Switching Characteristics
Ta=-40°C to +125°C, Vcq = 3.3V or 5V, connect a 0.1uF bypass capacitor between VCCl and GNDI; Vppa = Vpps = 12V for 8V-UVLO version, Vppa =
Vppg = 15V for 12V-UVLO version, Connect a 1puF bypass capacitor between VDDA and VSSA, between VDDB and VSSB, respectively. Unless
otherwise noted. Typical values are at Tp = +25°C.

Parameters

Test Conditions

Minimum

Typical

Maximum

tr Output rise time Cour = 1.8 nE. See Figure 8-2 6 16 ns
ts Output fall time our= == & 8 12 ns
Output off if tpw less than
tpwWmin Minimum pulse width . p W 20 40 ns
minimum value, No load
Propagation delay, low to high fpwwm = 100kHz, No Load,
o Pag y & P 62 100 ns
See Figure 8-1
P tion delay, high to | fewm = 100kHz, No Load,
ton ropagation delay, high to low P = z, No Loa 56 100 ns
See Figure 8-1
Pulse width distortion |tpH|_-tp|_H| tpwn:ltpHL-tpLHl, No Load,
trwop . 14 ns
See Figure 8-1
X Channel to channel propagation tom =|tpHia-teuis| Or |teiHa-teims | s ns
oM delay matching fpwm = 100kHz, See Figure 8-1
¢ Vca power up delay time: INA or INB is connected to VCCI 55 100 s
Vet to ouT UVLO rise to OUTA, OUTB See Figure 8-5 K
¢ Vopa, Vope power up delay time: INA or INB is connected to VCCI 68 100 s
VPP+toOUT 1 YVLO rise to OUTA, OUTB See Figure 8-5 W
. INA = INB = VCCI; Vem = 1500V,
CMTI CMTI (output high 100 150 V/ns
" (output high) See Figure 8-6 /
INA = INB = GNDI; Vem = 1500V,
CMTI CMTI (output low) . o 100 150 V/ns
See Figure 8-6
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7.11. Typical Characteristics

VCCI=3.3V or 5V, VDDA=VDDB=15V, Ta = 25°C, Unless otherwise noted.
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8. Parameter Measurement Information

8.1. Propagation Delay and Pulse Width Distortion

Figure 8-1 shows the definition and measurement for the pulse width distortion(tpwp) and propagation delay matching
between channel A and channel B (tom). Ensure that both inputs are in phase and disabled the dead time function by shorting
the DT pin to VCCI during measurement.

50% Y 50%
INA/B
tepLua > 90%
| troHLa
50% 50%
OUTA 0% ‘ towoa = | teoma - teomta |
-— ]
tom | om
]  90%
teoLHB - teoris 0%
10% -
OuUTB towos = | teouns - teouis |

Figure 8-1. Propagation delay and pulse width distortion timing diagram (overlapping input and dead-time disabled)

8.2. Rise Time and Fall Time
Figure 8-2 shows the definition of rising time (t;) and falling time (ts).

/ —
80% R

trise tran
20%
; — 10%

Figure 8-2. Rise time and fall time

8.3. Input and Disable Signals Response Time
Figure 8-3 shows the disable signal response timing. Bypass DIS pin to GNDI with a 1nF low-ESR/low-ESL capacitor close to

DIS pin if connecting to a micro-controller with distance.

XK_][

50% / DIS High Response Time '\
DIS

DIS Low Response Time

OUTA _— 0% AN —\ 0% tooin
topHL
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Figure 8-3. Disable timing diagram
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8.4. Programmable Dead-time
Figure 8-4 shows the dead-time measurement. Leaving pin DT open or connecting an external resistor Rpr between DT
and GNDI sets the dead-time. For more details, please see Programmable Dead-time section .
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if longer than DT set by Ror)

Dead Time
(Set by Ror)

Figure 8-4. Dead-time switching parameters

8.5. Power-up UVLO Delay

Before the device enter normal operation and get ready to provide driver output correctly, there is a power-up delay from
UVLO rising edge to driver output. This delay time is defined as tvcci+to our for VCCI UVLO (55us, typ) and tvop_+ 1o our for VDD_
UVLO (68us, typ), see Figure 8-5 VCCI/VDD_ power-up delay timing diagram. Designers need to leave proper margin before
sending PWM signal to INA/INB after the VCCI and VDD _ supply get ready. The driver A and driver B will not respond any input
signals and will keep logic low until tvcci+ 1o out OF tvpp_+10 out after VCCI or VDD crossing its UVLO rising threshold. However,
when either VCCI or VDDA/VDDB voltage are less than their respective off thresholds, there is a maximum 1us delay
(depending on the supply voltage slew rate), before the outputs are held low. This delay is designed to ensure the safe
operation during VCCI or VDDA/VDDB brownouts.

vca, / \ VCcl,
IN VCCI_ON VCCI_OFF R IN

\
\

oP ! VDD VDD_ON 4 tyop+to ouT \-
> / / VDD_OFF <

\

ouTt out \

\
\

Figure 8-5. VCCI/VDD_ UVLO power-up delay
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8.6. CMTI Test Circuit
Figure 8-6 is the CMTI test configuration for the CA-1S322x.
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Figure 8-6. Common-mode transient immunity test circuit
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9. Detailed Description

9.1. Overview

To quickly switch the power transistors to reduce switching power dissipation, a high-current, high-frequency gate driver
is often placed between the controller output and the gate of power transistors, because the controllers are not capable of
delivering sufficient current to drive the gates of power transistors. Also, the new power switches, such as silicon carbide (SiC)
and gallium nitride (GaN) FETs are replacing traditional MOSFET and IGBT technologies in power switching applications, these
new semiconductor materials can operate at higher speeds and temperatures safely, enabling smaller and more efficient
designs in different applications. However, they make new demands for the gate driver, for example, high common-mode
transient immunity (CMTI) and low propagation delay skew are two of the most important specifications for the new gate
drivers.

The CA-1S322x family of dual-channel isolated gate drivers is designed to meet above requirements. The devices have very
fast switching time, propagation delay time is minimized (56ns, typ) and matched between the dual channels within 5ns
maximum. These advantages make them ideal for high-frequency, small size power system design. All devices support a
minimum pulse width of 20ns with a maximum pulse width distortion of 14ns over the -40°C to +125°C operating temperature
range.

These isolated gate drivers capable of sinking 6A and sourcing 5A peak currents. Programmable dead-time and internal
logic circuitry prevent shoot-through during output-state changes. The devices have dual noninverting input drivers that
operate from a +3V to +18V VCCI input-side power supply and up to 25V output-side supply. They also feature active-high
enable control (CA-1S3222) or active-high disable control (CA-1S3221) on input-side for better control of driver operation. The
default-low output is the state the output assumes when the input is either not powered or is open-circuit. Also, the driver
outputs are set to logic-low when input-side or output-side supply is in UVLO, or the device is disabled. Undervoltage lockout
(UVLO) with hysteresis is integrated on both Vpp_ supply and Vce supply which ensure robust system performance under noisy
conditions.

Figure 9-1 provides a simplified block diagram for the CA-1S322x isolated gate drivers. It shows the main elements of
CA-1S322x, including input stage, output stage, dead-time control, Ve and Vpp_ UVLO, digital isolator etc. functional groups.
Their operations are described separately in the following sections.
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Figure 9-1. Functional block diagram
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9.2. Input Stage

9.2.1. TTL and CMOS compatible inputs

The CA-1S322x devices have TTL and CMOS compatible inputs (INA, INB, DIS/EN). Their input-threshold logic (1.8V typical
high threshold and 1V typical low threshold) is totally isolated from the Vpp_supply voltage and easy to connect with external
micro-controllers. A 0.8V wide hysteresis and accurate threshold over wide-temperature range provide good noise immunity
and stable operation. These devices have dual single-ended inputs (INA and INB) that reject input glitches and prevent false
turn-on of the output when the input-pulses or noise transients are shorter than 20ns. The output holds the previous value
when a glitch is detected on either input. Also, both INA and INB have internal pull-down resistor. If any of the inputs are left
open, internal pull-down force the pin low. However, it is still recommended to connect the unused input pin to ground.

Since the input-side and output-side is separated by capacitive silicon dioxide (SiO,) insulation barrier, the input signal
amplitude of the CA-1S322x can be larger or smaller than the output-side supply voltage(Vopa/Vooe), however, the amplitude of
any signal applied to INA or INB must never be exceed Vg, see Absolute Maximum Ratings1 table. This offers greater flexibility
to choose the most efficient Vpp_ supply rail for a given power transistors.

9.2.2. Enable and Disable Control

The CA-I1S3221 features disable control (DIS) and the CA-1S3222 features enable control (EN). For the CA-1S3222 devices,
drive EN low or connect to GNDI to disable isolator and put driver outputs low; Drive EN high or leave open, enable gate
drivers. For the CA-1S3221 devices, drive DIS high to disable isolator and put driver output low; Drive DIS low or leave open,
enable gate driver. We recommend to connect DIS pin to GNDI or connect EN pin to V¢ to ensure stable operation when
either disable control or enable control is not used. Also, bypass DIS pin or EN pin to GNDI with a 1nF low-ESR/low-ESL
capacitor close to the pins if connecting to a micro-controller with distance. The EN pin has a weak pull-up to V¢, the DIS and
INA/INB input pins have a weak pull-down to GNDI. Refer to Table 9-1 and Table 9-2 for the inputs vs. output truth tables for
the CA-1S3221 and the CA-1S3222, respectively.

Table 9-1. The CA-1S3221 Inputs vs. Output Truth Table!

Output ..
. Description
Disable (DIS) OUTA OuTB

L L L or Open L L If Dead Time function is used, output transitions occur

L H L or Open L H after the dead time expires. See Programmable Dead-time

H L L or Open H L section for more details.

H H L or Open L L DT is programmed with Rpr.

H H L or Open H H DT is tied to VCCI.

Open Open L or Open L L

X X H L L
Notes:
1. X=don’tcare; H = high level; L = low level.
2. DIS pin has an internal weak pull-down to GNDI.

Table 9-2. The CA-1S3222 Inputs vs. Output Truth Table!

Input ‘ Output ..
Description
INA INB Enable (EN) \ OUTA \ OUTB

L L H or Open L L If Dead Time function is used, output transitions occur

L H H or Open L H after the dead time expires. See Programmable Dead-time

H L H or Open H L section for more details.

H H H or Open L L DT is programmed with Rpr.

H H H or Open H H DT is tied to VCCI.

Open Open H or Open L L

X X L L L
Notes:
1. X=don’t care; H = high level; L = low level.
2. EN pin has an internal weak pull-up to VCCI.
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9.3. Driver Output Stage

The CA-1S322x devices provide two separate outputs. They have distinct current sourcing/sinking capabilities to control
the external transistors independently. The internal functional isolation between driver A and driver B on the output-side
allows up to 1500V DC working voltage. Figure 9-2 shows the output stage structure, both output channels integrate a pull-up
structure and a pull-down structure. A p-channel MOSFET and an additional n-channel MOSFET in parallel combined into the
pull-up structure. The n-channel MOSFET only turns on for a short period of time during the output low-to-high transition and
provides a boost in the peak-sourcing current to enable the fast turn-on of the device. This is performed by briefly turning on
the n-channel MOSFET during a narrow instant when the output is changing from low to high. The on-resistance of this
n-channel MOSFET (Rnmos) is about 0.8 Q when activated. In Figure 9-2, Ron_ (5Q, typ.) is the on-resistance of the P-channel
MOSFET only. This is because the n-channel MOSFET is placed in off state in DC condition and is turned on only for a very
short time. Thus, the effective on-resistance(Rnmos| |Ron_) of the output pull-up stage during NMOS turn-on phase is much
lower than Ron_. This provides a very low-impedance path to direct the Miller current.

The pull-down circuit is simply composed of an n-channel MOSFET. RoLin Figure 9-2 is the on-resistance of the pull-down
NMOS. Because of the very low turn-on impedance of the output stage MOSFETSs, the CA-IS322x isolated gate drivers support
rail-to-rail outputs (output voltage swings between VDD_ and VSS ).

VDD
PullUp RNMOS Row
— —]
|- |
| —
Shoot-
Through ouTt
Prevention
Circuitry —
‘ leq ROL
l—
VSS

Figure 9-2. Driver output stage

9.4. Undervoltage Lockout (UVLO)

The input-side (Vo) and output-side(Vpp_) supplies are both internally monitored for undervoltage conditions. When an
undervoltage condition is detected on either supply, the gate driver outputs are set to logic-low (default state) to turn off the
external power transistor, regardless of the state of the inputs (INA, INB).

On the output-side, the supply terminal Vppa and Vpps undervoltage detection places the driver output OUTA/OUTB in
logic-low during an undervoltage event on Vpp_, Voo_ < Vvopa(uvio+) during power on, or Vop_ < Vypp_(uvio-) during power-down or
during normal operation due to a sagging supply voltage. The CA-IS322x offers 8V and 12V UVLO threshold options. See Figure
9-3, when the driver output stages are in power-off or UVLO condition, the upper p-channel MOSFET is held off by Rui.z while
the n-channel MOSFET gate is connected to the driver output through Rciame. This active clamp circuit holds driver outputs to
the threshold voltage of the lower n-channel MOSFET(typically around 1.5 V) or low state and limits the voltage rise on the
driver outputs.
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Figure 9-3. Active pull-down

On the input-side, the device isn't active unless the VCCI voltage is going to exceed Vycciuvio+) during start up. And input
signals will stop to be delivered when the supply voltage less than Vycciuvio-).

Once an undervoltage condition is cleared and the supply voltage has returned to a valid level, the CA-IS322x gate drivers
transition to normal mode after the power-up delay time (tvccr+ to out OF tvop_+to out) has expired. Both Ve UVLO and Vpp_ UVLO
have hysteresis to avoid chattering when there is ground noise from the power supply, also allows the device to accept small
drops in supply voltage and ensures stable operation. Table 9-3 and Table 9-4 illustrate the Vo UVLO and Vpp_ UVLO feature
logic.

Table 9-3. The CA-1S322x output behavior during Vca undervoltage conditions

Conditions

VCCI-GNDI < Vycciuvios) during device start up
VCCI-GNDI < Vycciuvio+) during device start up
VCCI-GNDI < Vycciuvios) during device start up
VCCI-GNDI < Vycciuvio+) during device start up
VCCI-GNDI < Vycciuvio-) after device start up
VCCI-GNDI < Vycciuvio-) after device start up
VCCI-GNDI < Vyceiuvio-) after device start up
VCCI-GNDI < Vycciuvio-) after device start up

—r|IT|~|IZ|—~|XI|—|XI
—r|IT|IT|—|—|XZ(XZ|(—
Ll Wl Il I el Bl I el I ol B
|l I i I i A e A e N ol I

Table 9-4. The CA-1S322x output behavior during Voo_ undervoltage conditions

Conditions

VDD_ - VSS_ < Vypp_(uvio+) during device start up
VDD_ - VSS_ < Vypp_uvio+) during device start up
VDD_ - VSS_ < Vypp_(uvio+ during device start up
VDD_ - VSS_ < Vypp_uvio+) during device start up
VDD_ - VSS_ < Vypp_(uvio-) after device start up
VDD_ - VSS_ < Vypp_(uvio-) after device start up
VDD_ - VSS_ < Vypp_(uvio-) after device start up
VDD_ - VSS_ < Vypp_(uvio-) after device start up

||~ ||| |XI
—r|IT|IT|—|—|IZ|[XZ(r—
[l Wl Wl Il Wl Nl el B
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9.5. Digital Isolation
The CA-1S322x devices integrated digital galvanic isolators using Chipanalog’s capacitive isolation technology based on the
ON-OFF keying (OOK) modulation scheme, allow data transmission between the driver input-side and driver output-side with

different power domains. These devices feature up to 3.75kVrms (narrow-body SOIC package) of galvanic isolation and
+100V/ns minimum CMTI.

9.6. ESD Protection Structure

Figure 9-4 illustrates the enhanced ESD protection structure on the input-side and output-side. The VCCI pin and
VDDA/VDDB pins are protected against voltage spikes up to +20V and 30V respectively, regardless of Vco and Vpp_
voltages.

VCCI VDDA
[

" N NN S SZ\OV
TT7T

[

1]
2
o

Figure 9-4. ESD protection circuit

9.7. Programmable Dead-time

The CA-IS322x isolated gate drivers have a programmable dead-time circuit to prevent shoot-through current caused by
high-side and low-side power transistors overlap, as this would lead to a potentially damaging short-circuit type condition in
the typical applications.

Resistor Rpr connected from the DT pin of the CA-1S322x to GNDI programs the amount of dead-time. This amount of
dead time is applied to both leading and trailing edges of the drive signals OUTA and OUTB. The dead-time can be calculated
by below equation:

tpr =10 X Rpr (D

Where Rpr is in kQ and tpr is in ns. The steady state voltage at DT is approximately 0.8V. If a value of 100 kQ is chosen for
Ror, the DT pin current will be less than 10uA. If Rpr > 5kQ, it is recommended to parallel an at least 2.2nF ceramic capacitor as
close to Rpr as possible to achieve better noise immunity and better dead time matching between driver A and driver B. IF DT
pin be tied to Vg, this allows outputs overlap and completely match inputs. However, the DT Pin don’t allow floating.
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The programmed dead time is asserted by input signal’s falling edge. If both INA and INB inputs are pulled high
simultaneously, both outputs (OUTA, OUTB) will immediately be set low to turn-off external power transistors. This feature is
used to prevent shoot-through, and it doesn’t affect the programmed dead time setting for normal operation. Figure 9-5
shows various driver dead time logic and operating conditions.

INA

INB DT

OUTA

ouTB

A X 8 X c X D X e X ¥

Figure 9-5. Output and input signals relationship with a programmed dead-time

In Figure 9-5 programmed dead-time timing diagram:

A: INB goes low and INA goes high; INB going low will set OUTB low immediately; The INB falling edge asserts programmed
dead-time tpr and applies the dead-time to OUTA. OUTA is allowed to go high after tpr.

B: INB goes high and INA goes low; INA will set OUTA low immediately; The INA falling edge asserts programmed dead-time tpr
and applies the dead-time to OUTB. OUTB is allowed to go high after tor.

C: INB goes low, INA is still kept low; INB will set OUTB low immediately; The INB falling edge asserts programmed dead-time
tor and applies the dead-time to OUTA. OUTA is allowed to go high after tpr. In this case, as the INA is still kept low after tpr,
this means that INA input’s “dead-time” is longer than tpr. Thus, when INA is pulled high, OUTA will go high immediately.

D: INA goes low, INB is still kept low; INA will set OUTA low immediately; The INA falling edge asserts programmed dead-time
tor and assigns the dead-time to OUTB. OUTB is allowed to go high after tor. In this case, as the INB is still kept low after tor,
this means that INB input’s “dead-time” is longer than tpr. Thus, when INB is pulled high, OUTB will go high immediately.

E: INA goes high, both INB and OUTB are still kept high; INA will pull OUTB low immediately and keep OUTA low to avoid
overshoot. After OUTB goes low, after a delay time, the device applies the programmed dead time to OUTA. OUTB is already
pulled to low. After the programmed dead time, OUTA is allowed to go high.

F: INB goes high, both INA and OUTA are still kept high; INB will pull OUTA low immediately and keep OUTB low to avoid
overshoot. After OUTA goes low, after a delay time, the device applies the programmed dead time to OUTB. OUTA is already
pulled to low. After the programmed dead time, OUTB is allowed to go high.
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10. Application and Implementation

10.1. Typical Application

The CA-1S322x isolated gate drivers are designed to drive power MOSFET, IGBT or silicon-carbide(SiC) transistors in various
power supply systems to optimize system cost and efficiency. This family of devices can be configured as dual low-side, dual
high-side or half-bridge drivers. The enable control (EN pin for the CA-1S3222) and disable control (DIS pin for the CA-1S3221)
allow both driver A and driver B outputs to be quickly set to logic-low, turning off the external power transistor. The
default-low output keeps the output in low state when input-side or output-side supply is in UVLO, or the device is disabled.
The high CMTI rating of 100V/ns (min), high isolation rating, programmable dead-time, UVLO detection and the propagation
delay matching of 5ns (max) between channels make the CA-1S322x devices ideal to drive high-power transistors in the
industrial, automotive etc. high reliability applications.

Figure 10-1 shows the CA-1S322x typical application circuit, the CA-1S3221 is configured as a half-bridge driver which can
be used in synchronous buck, synchronous boost power converters and half-bridge/full bridge isolated topologies, 3-phase
motor drive applications.

VDD

HV DC-Link

vcc

PWM-A

PWM-B

TN
I Em?io?al
Isolation

Logic Circuits
Isolation Barrier

1/0

Figure 10-1. Typical application circuit for CA-1S3221-Q1

Table 10-1 lists the CA-1S322x design parameters in a typical high-side and low-side configuration, power transistor is

1200V SiC MOSFET.
Table 10-1. The CA-1S322x design requirement
Parameter Value Unit
Power transistor 80mQ/31A/1200V -
Vea 5.0 Y
Voo_ 20 v
Input amplitude 33 Vv
Switching frequency (fs) 100 kHz
HV DC 800 \
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10.2. Power Supply

The CA-1S322x devices operate in wide-supply range, Vcc accepts 3V to 18V supply and Vpp_ accepts up to 25V and as low
as Vvop_(uvio+) supply voltage. They do not require special power-supply sequencing. However, suitable supply bypassing and
device grounding are extremely important.

To reduce power ripple, for the input side, we recommended 100nF/25V and 1uF/25V low-ESR and low-ESL ceramic
capacitors in parallel between VCCI pin and GNDI. To ensure the best performance, place the decoupling capacitor as close to
the power-supply pin as possible. On the output-side, bypass VDDA and VDDB with 100nF/50V, 10uF/50V low-ESR ceramic
capacitors in parallel to VSSA and VSSB, respectively. It is recommended to place the capacitors close to the VDD _ pins.

10.3. Input Filter Selection

As we know the input signal may be non-ideal when the PCB traces of MCU is too long or non-ideal layout, It is recommended
that users add Rin-Cin low pass filter to reduce input noise. Such a filter should use an Ry in the range of 0 Q t0100 Q and a Cin
between 10 pF and 100 pF. When selecting these components, it is important to pay attention to the trade-off between good
noise immunity and propagation delay.

In the example, an Ry =51 Q and a Ciy = 33 pF are selected, with a corner frequency of approximately 95 MHz.

10.4. Gate Resistance Selection

In the typical application circuits Figure 10-1, there are two external gate driver resistors: Reorr and Reon, Reorr is the
external turn-off resistance; Reon is the external turn-on resistance. These two resistors are chosen to limit the ringing caused
by fast switching and parasitic inductances and capacitances, reduce EMI, also can be used to fine-tune gate drive strength and
optimize the switching loss. Use the following equations to estimate Rgorr and Reon resistor values,

lon peak current calculation:

Vbp — Vi
IOH = min [SA, bb EE )]

(Rnmos!Ron + Rgon + Rerery,

Where Rgeerint is the gate resistance of the external power transistor, this number is available from power transistor data
sheet. Rnmos is 0.8ohm. Ron is 5.50hm.

loL peak current calculation:

Vpp — V.
I, = min [6A, bb ER ]

(Ror, + Reorr + RereT,,,)

Where Rgeerint is the gate resistance of the external power transistor, this number is available from power transistor data
sheet. RoL is 0.50hm.
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10.5. PCB Layout

Due to high current levels and fast switching(high dv/dt and di/dt) that radiate noise, proper PC board layout is essential.
Follow these guidelines for good PCB layout:

e To ensure the best performance and keep lower supply ripple, place the decoupling capacitors as close to the
power-supply pin as possible. We recommend to use low ESR, low ESL MLCC capacitors in order to support more
higher peak current.

¢ To avoid large negative transients on the switch node VSSA (HS) pin, the parasitic inductances between the source of
the top transistor and the source of the bottom transistor must be minimized.

¢ When the MCU is far away from the driver chip, it is recommended to place the bypass capacitor as close as possible
to the EN or DIS pin to reduce noise interference.

e To ensure isolation performance between the primary side and secondary side, on the top layer and bottom layer
keep the space under the CA-1S322x device free from traces, vias, and pads to maintain maximum creepage distance.

e  For half-bridge or high-side/low-side configurations, Channel A and Channel B drivers can operate at DC bus voltages
up to 1500 VDC, and an additional PCB should be attempted creepage distance, which is the layout between the
high-side and low-side PCB traces.

e OUTx connections carrying pulsed currents must be very short and as wide as possible. The inductance of these
connections must be kept to an absolute minimum due to the high di/dt of the currents in high-frequency-switching
operation. This implies that the OUTx loop areas should be minimized. Additionally, small current loop areas reduce
radiated EMI. Place the external transistor as close to the gate driver as possible.

¢  When the load is heavy or the switching frequency is high, the loss of the chip also increases, it is recommended to
properly increase the PCB copper cladding of the VDD and VSS pins so that it decreases the temperature of chip, the
thermal can be transferred to the PCB board.

e  For the multiple layers design, it is recommended to connect the VDD and VSS pins to internal ground or power
planes through multiple vias. These vias should be located close to the IC pins to maximize thermal conductivity, also

keep lower parasitic value.
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11. Package Information

The following image show a 16-pin narrow body package.
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12. Soldering Temperature (reflow) Profile
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Figure 12-1. Soldering Temperature (reflow) Profile
Table 12-1. Soldering Temperature Parameter

Profile Feature Pb-Free Assembly
Average ramp-up rate(217°C to Peak) 3°C /second max
Time of Preheat temp(from 150 °C  to 200 °C 60-120 second
Time to be maintained above 217°C 60-150 second
Peak temperature 260 +5/-0°C
Time within 5°C of actual peak temp 30 second
Ramp-down rate 6 °C /second max.
Time from 25°C to peak temp 8 minutes max
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13. Tape and Reel Information

REEL DIMENSIONS TAPE DIMENSIONS

P1

R R

z & R 7} 8
Cavity
Rool | ——
Diameter B Il [ ko
I
AO Dimension designed to accommodate the component width
BO Dimension designed to accommodate the component length
KO Dimension designed to accommodate the component
thickness
| w Overall width of the carrier tape

P1 Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

& & & b b & b - Sprocket Holes

Q1 Q2] Q1 1 Q2 || Q1 | Q2
e | T ﬁ
Q3 ' Q4|1 Q3 ' Q4| Q3! Q4

L\ [ Pl User Direction of Feed

Pocket Quadrants

*All dimensions are nominal

Reel Reel .
Device Pe-lrckage Packa.ge Pins | SPQ Diameter Width w1 A0 B0 ko P1 w Pinl
ype Drawing (mm) (mm) (mm) | (mm) | (mm) | (mm) | (mm) | Quadrant
CA-1S3221AN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 8.00 | 16.00 Ql
CA-1S3221BN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 | 8.00 | 16.00 Q1
CA-1S3221CN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 8.00 | 16.00 Ql
CA-1S3222AN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 | 8.00 | 16.00 Q1
CA-1S3222BN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 8.00 | 16.00 Ql
CA-1S3222CN-Q1 SOIC16-NB N 16 2500 330 16.4 6.40 | 10.30 | 2.10 | 8.00 | 16.00 Q1
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14. Important statement

The above information is for reference only and used for helping Chipanalog customers with design, research and
development. Chipanalog reserves the rights to change the above information due to technological innovation without
advance notice.

All Chipanalog products pass ex-factory test. As for specific practical applications, customers need to be responsible for
evaluating and determining whether the products are applicable or not by themselves. Chipanalog's authorization for
customers to use the resources are only limited to development of the related applications of the Chipanalog products. In
addition to this, the resources cannot be copied or shown, and Chipanalog is not responsible for any claims, compensations,

costs, losses, liabilities and the like arising from the use of the resources.

Trademark information
Chipanalog Inc.® and Chipanalog® are registered trademarks of Chipanalog.
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