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IRMCKO099

Data Sheet

iIMOTION™ motor control IC for single motor drive

Quality Requirement Category: Industry

Features

e Ready-to-use solution for high efficiency variable speed drives

e Pre-programmed motion control engine (MCE)

e Sensor less field oriented control (FOC) of permanent magnet synchronous motors (PMSM)

e Support for up to 31 sets of motor parameters
e Current measurement based on single or leg shunt

e Integrated oscillator, A/D converter, OP amps & comparators

e Integrated protection features
o Package: 5x5mm? QFN-32
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. . Rectifier Power Suppl:

Applications o— — i
v

e Pumps &fans

. Host
o Drones, multicopters Interface
e Home appliances

e Anyother PMSM drive
H

Description

The IRMCK099 combines the iIMOTION™ motor control
engine (MCE) with all peripherals required to realize a
complete variable speed drive. The IRMCK099 does not
require algorithm programming and can be used in
combination with a pIPM™ or a discrete power stage.

The MCE implements sensor less field oriented control
using single or leg shunt current feedback and uses
space vector PWM with sinusoidal signals to provide
highest energy efficiency.
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Description

IRMCKO099M

(MOTION"

High Performance Sensorless Motor Control IC

IRMCKO099 is a low cost, high performance OTP memory based motion control ASIC designed primarily for
appliance applications. IRMCKO099 is designed to implement high performance control solutions for advanced
inverterized appliance motor control. IRMCKO099 contains the flexible Tiny Motion Control Engine (TinyMCE) for
sensorless control of permanent magnet motors over the full speed range. The TinyMCE implements sensorless
Field Oriented Control using single or leg shunt current feedback by a combination of hardware and IR-supplied
firmware elements. Key components of the complex sensorless control algorithms, such as the Angle Estimator,
are provided as complete pre-defined control blocks. The ASIC is designed to eliminate external components and
reduce cost by including an A/D converter, analog amplifiers, an overcurrent comparator, watchdog timer and
internal oscillator. Strong startup and configuration tools get the motor running quickly without any programming.
A standby power mode can help to increase overall system efficiency. IRMCKO099 comes in a 5mmx5mm, 32 pin

QFN package.

Features

Product Summary

. Ti”é’_MCEd (Tiny ~Motion CO?”OL_ E”Qflfi_”_e) © Internal clock frequency (SYSCLK) 100MHz
Dedicated computation engine for high efficiency MCE™ computation time 1 SYSCLK
sinusoidal sensorless motor control MCE™ ion d 16 bit sianed

¢ Internal Oscillator — no clock required computation data range It signe

e  Built-in hardware peripheral for single or two shunt ~ OTP Memory 16KB
current feedback reconstruction and analog MCE Data RAM 1.5KB
circuits MCE Program RAM 12KB

e Supports both interior and surface permanent FAULT latency (digital filtered) 2 usec
magnet motor sensorless control PWM carrier frequency 1 — 20kHz

e Loss minimization Space Vector PWM A/D input channels 6

*  Internal ITRIP comparator A/D converter resolution 12 bits

e Two-channel analog output (Sigma Delta D/A) i

« JTAG programming port for debugging A/D converter conversion spged 2 psgc

e UART and I12C serial interface Analog output (PWM) resolution 8 bits

e Factory Calibrated Analog Inputs UART baud rate (typ) 57.6 Kbps

e Capture input Number of digital I/O (max) 8

e Watchdog timer with independent internal clock Package (lead free) QFN 5x5 32L

e Standby low power mode Typical 3.3V operating current < 30mA

e Internal 16 Kbyte OTP memory Standyby mode power consumption 3.5mw

* CRC Memory Check Integrated Temperature Sensor(typ) +5degC

e 3.3V single supply

Standard Pack
Base Part Number Package Type - Orderable Part Number
Form Quantity
Tape and Reel 3000 IRMCKO99MTR
IRMCKO099M QFN32
Tray 2450 IRMCKO099M
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1 Overview

IRMCKO099 is a new generation International Rectifier integrated circuit device primarily designed as a one-chip
solution for inverterized appliance motor control applications. Unlike a traditional microcontroller or DSP, the
IRMCKO099 provides a built-in closed loop sensorless control algorithm using the unique flexible Tiny Motion
Control Engine (TinyMCE) for permanent magnet motors. The MCE™ consists of a collection of control
elements, motion peripherals, a dedicated motion control sequencer and internal memory to map internal signal
nodes. IRMCKO099 also employs a unique single shunt current reconstruction circuit in addition to two leg shunt
current sensing circuit to eliminate additional analog/digital circuitry. Integrated op-amps and A/D converter
enable a direct shunt resistor interface to the IC. Four analog inputs and up to eight digital I/O provide resources
for application specific functions. Figure 1 shows a typical application schematic using the IRMCK099.

IRMCKO099 contains 16 Kbytes of OTP program memory and comes in a compact 5mm x 5mm 32-pin QFN
package.

Host
Communication
(RS232C)

A

3 Appliance PM A\

i Galvanic
O motor Drive i

Passive
EMI '
Fillter

! — !
= _h I
= — —

15v

L

| PM motor

IPM or SPM
Gate signal

Gate Drive

! — !
= _h I
= — —

Analog Input

Figure 1. Typical Application Block Diagram Using IRMCK099
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2 Pinout

9
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Q
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& —
s o 8 8 & 8 & ¢
a) o o o o (Al o o
F 0 0 06 O 0 06 O
32 31 30 [29 28 27 (26 25
TDI/GPIO14/GPIO15 | 1 | GPIOO
TCK | 2 | O 23| GPIO13
TMSIGPIO14 | 3 | 22| GPIO12
wa's [RMCKOQQ aomon
AIN2 | 5 | (Top View) GPIO10
AINL/VBUS | 6 | 19 |GPIOY
AINOVSP | 7 | 18| GPIOS
IFB20 | 8 | VSS

IFB2- © |
IFB2+ | 5 |
IFB10 | B |
IFB1- | K |
=
vDD1 & |
VPP |5 |

+
—
m
—

w
VDDCAP | &

Figure 2. Pinout of IRMCKO099
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Pin . Main Function o)
Number Pin Name (After Reset) ™ Remap
1 TDI/GPIO14/GPIO15 TDI
3 TMS/GPIO14 T™MS
18 GPIO8
19 GPIO9
20 GPIO10
GATEKILL
21 GPIO11 PWMUL
PWMUH
22 GPIO12 PWMVL
PWMVH
23 GPIO13 PWMWL
PWMWH
24 GPIOO0 AOPWMO
@ AOPWM1
25 GPIO1 RXD
TXD
26 GPIO2 SDA
SCL
27 GPIO3 CAPTURE
28 GPIO4
29 GPIO5
30 GPIO6
31 GPIO7
32 TDO/GPIO14/GPIO15 TDO

Table 1 Remap functions available on GPIO

Note (1)-Function availability depends on the provided firmware and for more information refer to the Application pin out
section of the IRMCKO099 application guide.
Note (2)-Only one pin can be remapped to one of the provided functions at the same time, for more information refer to the
Application pin out section of the IRMCKO099 application guide.
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3 IRMCKO099 Block Diagram and Main Functions
IRMCKO099 block diagram for leg shunt mode is shown in Figure 3.

|
|
|
!
| | 100 MHz > 12C SDA !
1| Internal [——» }
| | Oscillator «— XD
\ - UART TXD }
| >
! = = Motion AOPWMO |
-——————
| Hardware - DIA AOPWM1 }
| - » Accelerators T
! - » Capture |@————
|
|
|
1 < GPIO Ports 4_/_>8 |
|
} ~ > —/—>6 } To gate drive
| Motion - » PWM | 9
| Control 8 ) Outputs GATEKILL _10Overcurrent
-—— )
! Sequencer O «—» Motion > | Protection
< Peripherals I —
i ,g IFB1 3/ } F,,r,om
! o IFB2 3y 1 Shunt
| I~ Iresistor(s)
| i) AINONVSP | Analog
2 OV
i 2 AINIVBUS | Input
| > AIN2 !
| = AIN3 |
-
|
L4 MCE !
Emulator ! Program Temperature | T
\4—/—» - > |- »
Debugger} LIS RAM Sensing |
! 6kbyte Watchdog |
i |
! | patarAM Timer w
| ™ 15kbyte e |
| L ‘
! ~_ Memory |
|
|
|
|

Figure 3. IRMCKO099 Block Diagram

IRMCKO099 contains the following functions for sensorless permanent magnet motor control applications:

Tiny Motion Control Engine (TinyMCE)

e Sensorless FOC (complete sensorless field
oriented control)

@)

@)

o O O O O O

O
O

Pl Speed Regulator

2-channel PI Current regulators (q &
d quadratures)

Angle estimator (sensorless control)
Clark/Inverse Clark transformation
Vector rotator

No parking

Torque at low to zero speed
Multiply-divide (signed and
unsigned)

Divide (signed and unsigned)
ATAN (arc tangent)

e Hardware PWM shutdown pin (GK)
e Up to 20kHz PWM Frequency

e One 16 bit watchdog timer
e One 16 bit capture timer

e Upto 8 discrete digital I/Os

e Six-channel 12 bit A/D

o Buffered (current sensing) two
channels (0 — 1.2V input)

o Unbuffered four channels (0 — 1.2V

input)
e JTAG port (4 pins)

e Two channels analog output (8 bit PWM)

e UART

e I°C port

e Standby Low Power Mode
e 1.5K byte data RAM

e 12K byte program RAM

e 16K byte OTP memory
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4 Application connection and Pin function
Figure 4 shows the application connections in leg shunt mode.

PWMUH
Internal .Syslem PWMUL >
Oscillator clock FOC Block o »
Low Loss | Pwmwve
Host TXD Space Vector %
Microcontroller RXD RS232C K;: PWM [ Gatexie. T
(RS232C) )
SDA > Fault Detection
Serial EEPROM scL I°C %
() > e
M GPIOL Angle Estimator
GPIO2 Current Sensing N
GPIO3 Motion Logic A v
Control
Digital 1/0 -« CPo2 .t  GPIO (| Sequencer IR High Voltage
Control GPIOS PORT —_— q Gate Drive IC
»
GPIO7 L [ ear L
GPIos - S/H t IFB1- 'J\/\/\/ %" UL
L IFB10
MCE . LAAA i (5
AOPWMO <):> Memory T IFBO+ r
I PWMO 12bit Z IFB0-
(N (12kByte)
Analog Output ;|‘ - A/D IFBVO $‘ ‘ JnL
AOPWM1 PWM1 & Temperature sensing
11 in| Daa MUX () [ -
RAM Motor

TCLK
JTAG Control (1.5kByte) AINS
; DI .

(OTP programming ™S JTAG AIN2

& Emulation) D0 Interface
AIN1
RESET b—»Sys‘e"‘ =

orp oTP Reset
. VPP Standby Enable/
Programming Memory Mode < 0.3V
Voltage

Py (16kByte)
gy __VoDL . Undervoltage Watchdog R
Lockout Timer Core voltage
1.8v
L_sav . Voltage l MI,_NW
vss Regulator

R 1
IRMCKO099

Figure 4. IRMCKO099 Leg Shunt Connection Diagram

4.1 MCE Peripheral Interface Group

UART Interface
TXD Output, Transmit data from IRMCKO099, can be configured to GPIO pins
RXD Input, Receive data to IRMCKO099, can be configured to GPIO pins

Discrete I/O Interface
GPIOO - GPIO15 Digital Input/Output Ports
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Analog Output Interface

AOPWM1

AOPWM2
I°C Interface

SCL

SDA

Capture Interface
CAP

Input/output, can be configured as 8-bit PWM output 1 with programmable carrier
frequency
Input/output, can be configured as 8-bit PWM output 2 with programmable carrier
frequency

Output, I°C clock output, can be configured to GPIO pins
Input/output, I°C Data line, can be configured to GPIO pins

Capture Input, can be configured to GPIO pins

4.2 Motion Peripheral Interface Group

PWM
PWMUH

PWMUL

PWMVH

PWMVL

PWMWH

PWMWL

GATEKILL
GK

Output, PWM phase U high side gate signal, tri-state at power up until configured by
firmware

Output, PWM phase U low side gate signal, tri-state at power up until configured by
firmware

Output, PWM phase V high side gate signal, tri-state at power up until configured by
firmware

Output, PWM phase V low side gate signal, tri-state at power up until configured by
firmware

Output, PWM phase W high side gate signal, tri-state at power up until configured by
firmware

Output, PWM phase W low side gate signal, tri-state at power up until configured by
firmware

Input, upon assertion this sets all six PWM signals to off state according to setting of
active_pol register, pulled up by 49kOhm internal resistor

4.3 Analog Interface Group

IFB1+

IFB1-

IFB1O

IFB2+
IFB2-
IFB20O

AINO/VSP
AIN1/VBUS
AIN2

AIN3

Input, Operational amplifier positive input for single or leg shunt resistor current
sensing

Input, Operational amplifier negative input for single or leg shunt resistor current
sensing

Output, Operational amplifier output for single or leg shunt resistor current sensing

Input, Operational amplifier positive input for 2m leg shunt resistor current sensing
Input, Operational amplifier negative input for 2m leg shunt resistor current sensing
Output, Operational amplifier output for 2 leg shunt resistor current sensing

Input, Analog input channel 0 (0 — 1.2 V), also used for Standby Mode wake-up

Input, Analog input channel 1 (0 — 1.2 V), typically configured for DC bus voltage input
Input, Analog input channel 2 (0 — 1.2 V), needs to be pulled down to VSS if unused
Input, Analog input channel 3 (0 — 1.2 V), needs to be pulled down to VSS if unused
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4.4 Power Interface Group
vDD1 Digital and analog power (3.3V)
VDDCAP Internal 1.8V output, require capacitors connected to the pin.
Note: The internal 1.8V supply is not designed to power any external circuits or
devices. Only capacitors should be connected to this pin.
VSS Digital and Analog common

4.5 Test Interface Group

TMS JTAG test mode input or input digital port
TDO JTAG data output

TDI JTAG data input, or input digital port
TCK JTAG test clock
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5 DC Characteristics
5.1 Absolute Maximum Ratings
Symbol Parameter Min Typ Max Condition
Vop1 Supply Voltage -0.3V - 3.6V Respect to VSS
Via Analog Input Voltage -0.3V - 1.98 V Respect to VSS
Vip Digital Input Voltage -0.3V - 3.6V Respect to VSS
Ta Ambient Temperature -40°C - 125°C
Ts Storage Temperature -65 °C - 150 °C

Table 2. Absolute Maximum Ratings

Caution: Stresses beyond those listed in “Absolute Maximum Ratings” may cause permanent damage to the
device. These are stress ratings only and function of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications are not implied.

5.2 System Clock Frequency and Power Consumption

VDD1=3.3V, Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
SYSCLK System Clock - 100 - MHz
Po Power Consumption 100" - mw
Standby Power
Pstey Consumption 3.5 mW
Table 3. System Clock Frequency and Power Consumption
Note

1) The value is based on the condition of MCE clock=100MHz with an actual motor running by a typical TinyMCE
application program.
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5.3 Digital I/O DC Characteristics
Symbol Parameter Min Typ Max Condition
Vpp1 Supply Voltage 3.0V 3.3V 3.6V Recommended
Vi Input Low Voltage - - 0.8V Recommended
ViH Input High Voltage 20V - Recommended
Ci Input capacitance - 1.6 pF - )
I Input leakage current +10 nA +1 pA Vo=3.3VoroV
loL Low level output current 14.1mA 22.9mA 31.8mA (\{)OL =04V
lon High level output 21.8mA 44.2mA 73.5mA Vou=2.4V
current )
Table 4. Digital 1/O DC Characteristics
Note:

(1) Data guaranteed by design.
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5.4 Analog I/O DC Characteristics
- OP amps for current sensing (IFB1+,IFB1-,IFB10O, IFB2+,IFB2-,IFB20)
VDD1=3.3V, Unless specified, Ta = 25°C.
Symbol Parameter Min Typ Max Condition
VorESET Input Offset Voltage -20mV 3mV 20mV Vyvppr =3.3V
\A Input Voltage Range oV 125V Recommended
Vourtsw OP amp output 50 mVv - 1.7V Vvopr =3.3V
operating range W

Ci Input capacitance - 3.6 pF -

Rrpek OP amp feedback 5 kQ - 20 kQ Requested
resistor between IFBO and

IFB-

OP camcL Operating Open loop - 80 db - W
Gain

CMRR Common Mode - 80 db - &)
Rejection Ratio

Isrc Op amp output source - 1 mA - Vour=0.6 V
current

lsnk Op amp output sink - 100 pA - Vour=0.6V
current

Table 5. Analog I/O DC Characteristics
Note:

(1) Data guaranteed by design.

5.5 A/D Accuracy and Linearity

Unless specified, Ta = 25°C.

A/D accuracy for current sensing (IFB1+,IFB1-,IFB10, IFB2+,IFB2-,IFB20), Vdc (AIN1) sensing and analog input
channels (AINO,AIN2, AIN3)

Symbol Parameter Min Typ Max Condition
ADCerror Error is the difference 0 +10Counts | +20counts |
between ideal counts
and compensated
counts for any applied
voltage in 0-1.2V range
ADCINL Integral Non Linearity +4 counts | " PFull 12bit range
ADCDNL Differential Non Linearity +1.4 counts | ¥ Full 12bit range
Table 5. A/D Accuracy
Note:

(1) Characterization only
(2) The value is based on the condition of MCE clock=100MHz with an actual motor running by a typical TinyMCE
application program.
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5.6 Under Voltage Lockout DC characteristics
Unless specified, Ta = 25°C.
Symbol Parameter Min Typ Max Condition
UVcesas UVcc positive going 2.55V 2.78V 3.00v
Threshold
UVcess. UVcc negative going 2.40V 2.65V 2.85V
Threshold
UVcessH UVcc Hysteresys - 100mV - o
Table 6. UVcc 3.3V DC Characteristics
Note:
(1) Data guaranteed by design.
5.7 Itrip comparator DC characteristics
Unless specified, VDD1=3.3V, Ta = 25°C.
Symbol Parameter Min Typ Max Condition
Itrip. Itrip positive going 1.282V 1.342v 1.402V Vpp1 = 3.3V,
Threshold Ta=0-85C%
Itrip. Itrip negative going 1.05v 1.124v 1.25V Vpp1=3.3V
Threshold
ItripH Itrip Hysteresys 0.05V 0.218V 0.3V =
Table 7. Itrip DC Characteristics
Note:
(1) Data guaranteed by design.
(2) Characterization only.
5.8 Wake-up threshold DC characteristics
Unless specified, VDD1=3.3V, Ta = 25°C.
Symbol Parameter Min Typ Max Condition
Vwk Exit from Standby 0.285V 0.315V 0.345V Vop1 =3.3V
Threshold
Table 8. Wake-up threshold DC Characteristics
5.9 Integrated Temperature Sensor
Unless specified, VDD1=3.3V
Symbol Parameter Min Typ Max Condition
Tsense Integrated Tgense Error - +5°C - Vpop1=3.3V

Ta=-40°C, 25°C,
125°C

Table 8. Wake-up threshold DC Characteristics
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6 AC Characteristics
6.1 Internal Oscillator AC Characteristics
Unless specified, Ta = 25°C. VDD1 = 3.3V
Symbol Parameter Min Typ Max Condition
Feik Clock Frequency 99MHz 101MHz
95.8MHz@ | 100-OMHZ I MHZ® | Ta=-40C — 125C
Note:

(1) Characterization only
Table 9. Internal Oscillator AC Characteristics

6.2 Analog to Digital Converter AC Characteristics

Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Condition
Tcony Conversion time - - 2.05psec | ¥
Tholp Sample/Hold maximum - - 10 ysec Voltage droop < 15
hold time LSB
(see figure below)
Table 10.A/D Converter AC Characteristics
Note:

(1) Data guaranteed by design.

Input Voltage

Voltage droop /\

S/H Voltage

e

A

tsampLE

THOLD

Figure 5. Voltage droop and S/H hold time
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6.3 Op amp AC Characteristics
Unless specified, Ta = 25°C.
Symbol Parameter Min Typ Max Condition

OPsr OP amp slew rate - 10 V/usec - vDD1=3.3V,CL
=33 pF @

OPwp OP input impedance - 10°Q - 1)

Tser Settling time - 400 ns - vDD1=3.3V, CL
=33pF Y

Table 11 Current Sensing OP Amp AC Characteristics
Note:

(1) Data guaranteed by design.

(2) To guarantee stability of the operational amplifier, it is recommended to load the output pin by a
capacitor of 100pF, see Figure 6. Here only the single shunt current amplifier is shown but all op amp
outputs should be loaded with this capacitor value.

External AVREF
components

IRMCKO099 IC

—— 100pF

Figure 6. Op amp output capacitor
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6.4 SYNC to SVPWM and A/D Conversion AC Timing

> ¢ twsyne

SYNC J
tasynet
IU,IV,IW
P tasync2 >
AINX
tasyncs
PWMUx,PWMVx, PWMWx

Figure 7. SYNC timing

Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
twsync SYNC pulse width - 32 _
lasynct SYNC to current feedback - - 100
conversion time SY%)CLK
tasyne SYNC to AINO-3 - _ 200
tysyncs SYNC to PWM output delay - - 2
time

Table 12. SYNC AC Characteristics

Note:
(1) Characterization only
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6.5 FAULT to SVPWM AC Timing

twak

A

GATEKILL

taak

7y

PWMUx,PWMVx,PWMWx

Figure 8. Fault timing

Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
twok FAULT pulse width 32 - - SYSCLK
tack FAULT to PWM output - - 100 SYSCLK

delay

Table 13. FAULT to SVPWM AC Timing

6.6 ITRIP AC Timing

i Td|TR|p =tmrp + gatekill_const_l *10 ns
rip

PWMUH,PWMUL,

PWMVH,PWMVH, ><
PWMWH,PWMWL

Figure 9. ITRIP timing

Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit

tirrip Itrip propagation delay - 470ns - ns

Table 14. Itrip AC Timing
Note:
(1) Characterization only
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6.7 1°C AC Timing
¢ Tiecik ) ¢ Tiacik )
SCL
tiosT1 fowseTie {201 LarseTup ti2en1
- - > -— o — -
tizrHoLD
IIQSTZ tI2EN2
> -+——
2 =
Figure 10. | ’c Tlmlng
Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
Ticik I°C clock period 10 - - SYSCLK
tipsTs I°C SDA start time 0.25 - - T ook
tiosTo I°C SCL start time 0.25 - - T 2ok
toWSETUP I°C write setup time 0.25 - - Thcik
tIZWHOLD IZC Write h0|d t|me 025 - - T|2CLK
toRSETUP I°C read setup time I°C filter time®™ - - SYSCLK
tiorHOLD |ZC read hold time 1 - - SYSCLK

Table 15. I°C AC Timing
Note:

(1) I°C read setup time is determined by the programmable filter time applied to 1°C communication.

20
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6.8 UART AC Timing
TBAUD
TXD : 5&
)
Start Bit Data and Parity Bit Stop Bit
RXD 3&
gI )
TUARTFIL
Figure 11. UART timing
Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
Tgaub Baud Rate Period - 57600 - bit/sec
TUARTEIL UART sampling filter - 1/16 - Teaup

period @
Table 16. UART AC Timing
Note:

(1) Each bit including start and stop bit is sampled three times at center of a bit at an interval of 1/16 Tgayp. If

three sampled values do not agree, then UART noise error is generated.
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6.9 CAPTURE Input AC Timing

Teapcik

e I

X teapLow
P1.4/CAP CAPHIGH | g
_ e

tcroELAY

—>+7
CREV(H,L)

Internal >< ><

register

tcLoeLay

—>~|<—
CLAST(H,L)

Internal >( ><

register

tinTDELAY

—>—I<—

Interrupt
Vector Fetch ?

Interrupt

Figure 12. CAPTURE timing

Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
TcapcLk CAPTURE input period 8 - - SYSCLK
tCAPHIGH CAPTURE input high time 4 - - SYSCLK
tcapLow CAPTURE input low time 4 - - SYSCLK
tcRDELAY CAPTURE falling edge to - - 4 SYSCLK
capture register latch time

tcLDELAY CAPTURE rising edge to - - 4 SYSCLK
capture register latch time

tINTDELAY CAPTURE input interrupt - - 4 SYSCLK
latency time

Table 17. CAPTURE AC Timing
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6.10 JTAG AC Timing
l/fJCLK
———————P
. tiLow
TCK ¢ > <_>
> tco
X X
ltJSETUP
¢ tHoLp )
TDIITMS ><
Figure 13. JTAG timing
Unless specified, Ta = 25°C.

Symbol Parameter Min Typ Max Unit
ficLk TCK Frequency - - 10 MHz
t3HIGH TCK High Period 10 - - nsec
t3ow TCK Low Period 10 - - nsec
tco TCK to TDO propagation delay 0 - 5 nsec

time
tseTUP TDI/TMS setup time 4 - - nsec
tiH0LD TDI/TMS hold time 0 - - nsec

Table 18. JTAG AC Timing
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7 1/O Structure

The following figure shows the 1/O structure for all digital pins. At power up, the programmable pull up transistor
is off.

Digital IO

s )

VSS

Figure 14. Digital I/O Structure

The following figure shows the analog input/output structure, except for AINO/STBY.

VDDCAP(1.8V)

Analog I/0
PIN
200 Q
Q Analog Circuit

AVSS

Figure 15. Analog I/O Structure

The following figure shows all the input structure for AINO/STBY pin.

AINO/STBY
PIN

200 Q
Q L 3 Analog Circuit

AVSS

Figure 16 Analog Analog Input Structure for AINO/STBY
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The following figure shows the VSS pin 1/O structure

VDD1

PIN

Figure 17. VSS pin I/O structure

The following figure shows the,VDDCAP pin I/O structure

PIN

VSS
Figure 18. VDDCAP pin I/O structure

The following figure shows the,VDD1 pin I/O structure

PIN

VSS

Figure 19. VDD1 pin I/O structure
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8 Pin List
Pin Internal Pin
Number Pin Name Pull-up Type Description
1 TDI/GPIO14/GPIO15 49 KQ pull up®” [ JTAG test data input or Discrete
programmable 1/O
2 TCK 49 KQ pull up®’ [ JTAG test clock
3 TMS/GP1014 49 KQ pull up®” 110 JTAG test mode input or Discrete
programmable I/O
4 AIN3 I Analog input channel 3, 0-1.2V range, needs
to be pulled down to VSS if unused
5 AIN2 I Analog input channel 2, 0-1.2V range, needs
to be pulled down to VSS if unused
6 AIN1/VBUS I Analog input channel 1, 0-1.2V range, used
for DC Bus Voltage Input
7 AINO/STBY I Analog input channel 0, 0-1.2V range, exit
standby if >300mV
8 IFB20 O Operational amplifier output for 2" leg shunt
resistor current sensing
9 IFB2- I Operational amplifier negative input for 2™
leg shunt resistor current sensing
10 IFB2+ I Operational amplifier positive input for 2™ leg
shunt resistor current sensing
11 IFB1O @) Operational amplifier output for single or leg
shunt resistor current sensing
12 IFB1- I Operational amplifier negative input for single
or leg shunt resistor current sensing
13 IFB1+ I Operational amplifier positive input for single
or leg shunt resistor current sensing
14 VDDCAP P Internal 1.8V output, Capacitor(s) to be
connected
15 vVDD1 P 3.3V digital and analog power
16 VPP P OTP Programming voltage (6.75V)
17 VSS P Digital common
18 GPI08 49 KQ pull up®’ 110 Discrete programmable /0
19 GPI109 49 KQ pull up®’ 110 Discrete programmable /0
20 GPI010 49 KQ pull up®’ 110 Discrete programmable /0
21 GPI0O11 49 KQ pull up®” /0 Discrete programmable /0O
22 GPI1012 49 KQ pull up®’ /0 Discrete programmable /0O
23 GP1013 49 KQ pull up®’ 110 Discrete programmable /0
24 GPIO0 49 KQ pull up®’ /0 Discrete programmable /O
25 GPI01 49 KQ pull up®’ 110 Discrete programmable 1/0
26 GPI102 49 KQ pull up®’ 110 Discrete programmable 1/0
27 GPIO3 49 KQ pull up®”’ 110 Discrete programmable 1/0
28 GPIO4 49 KQ pull up®”’ /0 Discrete programmable 1/0
29 GPIO5 49 KQ pull up®”’ 110 Discrete programmable 1/0
30 GPIO6 49 KQ pull up®” 110 Discrete programmable 1/0
31 GPIO7 49 KQ pull up®” 110 Discrete programmable 1/0
32 TDO/GPI014/GP1015 | 49 KQ pull up™ 0O JTAG test data output or Discrete
programmable I/O
Table 19. Pin List
@ Programmable internal pull up
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Dimension Table
/\%f— W : Very Very Thin
y”?é ’)@@ ' NOTE
oy MINIMUM | NOMINAL [MAXIMUM
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
b 0.18 0.25 0.30 6
D 5.00 BSC
E 5.00 BSC
e 0.50 BSC
D2 3.30 3.45 3.55
E2 3.30 3.45 3.55
K 0.20 - T
L 0.30 0.40 0.50
aaa 0.05
bbb 0.10
cece 0.10
ddd 0.05
eee 0.08
N 32 3
ND 8 5
NE 8 5
NOTES 1,2
LF PART NO. L37727
LF DWG. NO. CARSEM-06257
REV. A
NOTE

1. Dimensioning and tolerancing conform to ASME Y14.5-2009.

2. All dimensions are in millimeters

3. N is the total number of terminals.

A‘The location of the marked terminal #1 identifier is within the hatched area

5. ND and NE refer to the number of terminals on D and E side repectively

/6\Dimension b applies to the metallized terminal and is measured between 0.15mm and
0.30mm from the terminal tip. If the terminal has a radius on the other end of it,
dimension b should not be measured in that radius area

Atnplanariry applies to the terminals and all other bottom surface metallization
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10 Part Marking Information

PIN 1 )

I‘) | INTERNATIONAL
- - RECTIFIER LOGD

MCKO99 —=—— | PART NUMBER

o CYWW? —=—————1— WARKING CODE
— - {PER MARKING SPEC.)

{ HXAKK —a—————— 10T CODE
(Prod mode — 4 digit 5PN code)

L L DATE CODE
ASSEMELY SITE CODE

11 Qualification Information

1
e Industrial
Qualification Level (per JEDEC JESDAT)
. - MsL2tt
Moisture Sensitivity Level
y (per IPC/JEDEC J-STD-020)
; Class B
Machine Model
(per JEDEC standard JESD22-A115)
Class 2
Human Body Model
. y (per ANSVESDA/JEDEC JS-001)
Charged Device Model Class C2
(per JEDEC standard JESD22-C101)
Latch-Up Class |, Level B
(per JEDEC standard JESD78)
RoHS Compliant Yes
T Qualification standards can be found at International Rectifier's web site http://www.irf.com/

Tt Higher qualification ratings may be available should the user have such requirements. Please contact
your International Rectifier sales representative for further information.

11t Higher MSL ratings may be available for the specific package types listed here. Please contact your
International Rectifier sales representative for further information.
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