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UCC5870-Q1 overview
+15A 1S026262-compliant IGBT/SIC single-channel isolated driver

Splitdriver outputs provide 15-A source and 15-A sink currents

Real-time SPI programmable drive strength
SafeTI™ ISO-26262 compliant:
= Power transistor protections (DESAT/SC/OC)
= Integrated diagnostics
= Supply monitors (VCC1/VCC2/NVEE2/VREF)
= Built-in self-test (BIST)
SPI-Enabled Configurations:
= TI Address-based SPI configuration (also daisy chain and
standard)
DESAT based short circuit protection
Shunt resistor based over-current protection
Thermal diode/NTC based over-temperature protection
Programmable soft turn off (STO) and two-level turn off
(2LTO) during power transistor faults
High accuracy, integrated 6-channel ADC
Primary and Secondary side active short circuit (ASC) support
Integrated, configurable dead-time
Programmable internal or external Miller Clamp
Advanced high voltage clamping control (Ve Clamp)

One-stop-shop gate driver for every HEV/EV traction inverter
system

Eliminate external circuits for driving high power modules; save
PCB area space and cost

Highly flexible through SPIl-programmable configurations
SafeTI™ Functional Safety support & documentation
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Modes of operation

Power ON

-

nFLT1=1&
nFLT2 =1

Primary side TSD fault

RESET:

Internal regulators
powering up

BIST is running
nFLTx are held low

Configuration 1:
e SPl address
programming is enabled
e nFLTx remain high
until unless indicating a fault

the regulators are ready
and BIST completes

without failures

CONFIG_IN command

q Configuration q Configuration #
1 2 .

DRV_EN command

DRV_DIS command followed by

Configuration 2:

DRV_EN_RCVD =0
Gate driver output is
disabled (low)
SW_RESET command
sets configration
registers to defualt
values except for SPI
address

CONFIG_IN command
OR
SW_RESET command

Active:

e DRV_EN_RCVD=1

e Gate driver output
is enabled

Figure 7-37. Operation mode diagram during normal operation
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SPI introduction: flexibility, system
orogrammabilit

System Benefits Measurements & Specifications

Conventional SPI mode  Address SPI mode Conventional SPI Daisy-Chain mode
Mcy ‘
—
PWM
3 3
SPI GD L.“ GD L GD = o E
e ﬁ_{K} ——sou| A——K} ——S0L{ ﬁ—lt} ] o B b
2ol Hs-U ([ Hsv ] ([ Hsw —] o i
j uccss7oa1 jccss70l
| | HS-U HS-U
To all other drivers : To all other d‘nvers From last driver IC in daisy chain
l 91/0’s 41/0’s 41/0’s
| I e G| s | PP s Flexibility in SPI connections and 1/0’s
P | | HS-U puas] HSV A*].uuu HSW TI’s address-mode allows less I/O’s per system at shorter response

Address-based SPI time while maintaining high data throughput
configuration

Driver features configurable with SPI:

v System flexibility: Option between 3 communication modes = Threshold d
(address-based, daisy-chain, regular SPI) d rT.S r? s an = Drive Strength
v’ Ease of system programmability: Simplify design time and eglitches
engineering effort = ADC sampling and mode = Active Short Circuit (ASC)
v' Address-based SP_I: Only requires 4 I/Q pins :_;md prowdes_ 6X ' « DESAT OR Shunt/Sense
shorter response time compared to daisy chain configuration = Faults and warnings
FET Current Sense
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SPl commands

Table 7-3. SPI message commands

16-BIT DATA FRAME
BIT15 ‘ BIT14 ‘ BIT13 ‘ BIT12 | BIT11 ‘ BIT1II]‘ BIT9 ‘ BITS ‘ BIT7 ‘ BIT6 | BITS ‘ BIT4 ‘ BIT3 ‘ BIT2 ‘ BIT1 ‘ BITO
C°.:|““"a"d Command Description CHIP_ADDR CMD + DATA
ame
DRV_EN Driver output enable | CA[3] | CAR2] | cAf] | cap] | o 0 0 0 0 0 0 0 1 0 0 1
DRV_DIS Driver output disable | CA[3] | CAR2] | caf) | caop | o 0 0 0 0 0 0 0 1 0 1 0
Read data from register
RD_DATA ddross RAL4 0] calBl | caRl | camy | caop | o 0 0 1 0 0 0 | RAM] | RAIB] | RAIZ] | RA[T] | RA[D]
CFG_IN | Enter configuration state | CA[3] | ca2] | carp | cao | o 0 1 0 0 0 1 0 0 0 1 0
NOP No operation caEl | capy | camy | caop | o 1 0 1 0 1 0 0 0 0 1 0
Software RESET
SW_RESET (Reinitialize the calBl | caRl | camy | caop | o 1 1 1 0 0 0 0 1 0 0 0
configurable registers)
WRH Write D[:Qi[aj_‘o? register | car | ca) | cap | capop | 1 0 1 o | opsy | op4) | o3l | opizy | opi | opiog | oo | ol
WRL Write DE;’[LFS]@'S‘” cA3] | caR | camy | caop | 1 0 1 1 D71 | D] | D5] | DM | D@ | DR | op | Do
WR_RA Write relgf[‘j’_r[)?ddress caR] | caR | cafp | caop | 1 1 0 0 0 0 0 | RAM] | RAZ] | RAZ] | RAM] | RA[D]
WR_CA" Write é'lfg?‘o‘}dress 1 1 1 1 1 1 0 1 1 0 1 0 | ca@l | cARl | cArl | cao]

(1) IN+ must be high to program CHIP address
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Daisy chain mode

j » Use 0Ox0 as the address for every command
%_ 3 L * No addressing needed, proceed directly to Configuration 2
el T i state
» The devices must receive the CFG_IN command one by
o = K3 L = 0l @ 13 one in order to enable the daisy chain mode and the SDO
o | pen il W e pass-through

Figure 7-40. System configuration of daisy chain SPI configuration

R mm HO-oF =

SDO_1
SDO_2

SDO_3

igh- ctive
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Address mode

HS

PWM
Spi pwm| GD

LS
PWM

,

HS-W

—K

GD
s L A F
251 HS-U s HS-V — e
ol @ -3 @ -3

;ﬂﬁ HS-U TMZ[.,L HS-V -

HS-W

K

SCLL

Figure 7-42. System configuration for Address-based SPI Communication Scheme

i

i

Addressing Process:

— Addressing occurs in Configuration 1 state. Do not enter
Configuration 2. Once out of Configuration 2, a power cycle is
needed to re-enter Configuration 1.

— Pull the IN+ input high for ONLY the device to be programmed

—  Write the WR_CA command (below), where CA[3:0] is the
address for the device (0x1 - OXE)

— Once all devices are addressed, send a broadcast CFG_IN
command

OxF is a broadcast command. All devices will respond to this
address

Do NOT use 0x0 address. Thisis reserved for Daisy Chain and
Standard operation.

Each device must have a unique address

Never do a read register command with OxF address

WR_cA"™

Write chip address
CA[3:0]

1 0 1 0 | CA[3] | CA[2] | cAl] | cA[O]

(1)

IN+ must be high to program CHIP address
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Writing a register

Write D[15:8] to register

WRH RA[4:0] CA[3] | CA[2] | CA[1] | CA[0] D[15] | D[14] | D3] | D[12] | D[11] | D10} | D[9] | Di8]
WRL Write Dg}f[yg]reQiSter CA[3] | CA[2] | ca[1] | calo] D[7] D[6] D[5] D[4] D[3] DI[2] D[] D[0]
WR_RA Write register address | oo | capp | caM] | cA[0] 0 0 0 | RAM] | RA[3] | RAIZ] | RA[1] | RA[D]

RA[4:0]

All writes must be performed in Configuration 2 state except for a few exceptions. See later slides (14,15) for exceptions.

Writing registers can be done with the broadcast address to write all of the devices to the same value, or individually

addressed (Address=0xF).

Steps to write a register:

— 1. Send WR_RA to set the register to be written. RA[4:0] is the register address to be written.

— 2. Send WRL command to write the lower byte (bits [8:0]) of the register programmed in step 1. D[7:0] is the data to be written.
— 3. Send WRH command to write the higher byte (bits [15:9]) of the register programmed in step 1. D[15:9] is the data to be

written.

WRH and WRL can be done in any order, but WR_RA always comes first.

It is not necessary to do both WRH and WRL commands if only the high byte or low byte is changing.
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Reading a register

RD_DATA

Read data from register
address RA[4:0]

CA[3]

CA[2]

CA[1]

CA[0]

RA[3]

RA[2]

RA[1]

NOP

No operation

CA[3]

CA[2]

CA[1]

CA[0]

Procedure to read a register:

Reading registers can be done in Configuration 2 or ACTIVE modes.

Reading registers must be done to individually addressed devices. Do NOT
use the broadcast command

— Use the RD_DATA command where RA[4:0]is the address of the register to be read

— Data is returned on the next SPI transaction.

— Use a NOP command to clock the data read out if there is no further command in the
stack
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Frame timings: daisy chain and address mode SPI

Reading a single 16-bit reqister on all 6 devices

‘ >‘250r:5
RD_DATA 1 | RD_DATA 2 | RD_DATA3 | RD_DATA4 | RD_DATAS | RD_DATA 6 RD_DATA 1 | RD_DATA 2 | RD_DATA 3 | RD_DATA 4 | RD_DATA 5 | RD_DATAG |
RESPONSEL | RESPONSE2 | RESPONSE3 | RESPONSE4 | RESPONSES | RESPONSES |

Daisy Chain

‘ 24,6 2464 >

| [ |

. 49,54 !

>250ns >250ns >250ns >250ns >250ns >250ns . .

‘ > ! ! R ! ! . Addressing mode reduces read times

| RD_DATA 1 [ RD_DATA 2 J RD_DATA 3 [T RO_DATA4 I RD_DATA S [T RD_DATA 6 JRI RD_DATAL 0 . .
Address b i ResponsEd N Response2 I RespoNses I RespoNst4 R Responses J RESPONSE6 by almost 40% while also a||OW|ng
M Ode :kalus—»} 3474.1},\5—»1 :thklus—»} 3474,1us—>1‘ }474.1;15—»1 3474A1|,|s—>1 34—4.1;15—»1‘

random access

30.2

Writing a single 16-bit reqister on all 6 devices

>250ns >250ns
Daisy Chain I T T T T T
r 24.64 d I 24.6ps » 24.6 d
; 74.3p ; ; ;
>250ns >250ns A A
‘ ‘ ‘ ‘ ; Daisy Chain Address
Address e — Addressing mode reduces y . ws)
Mode T TEN ST startup programming time Read all STATUS registers 149.1 134.9
1 e ! by more than 80% Read all configuration registers 347.9 343.7
Write all configuration reqisters 965.9 166.4
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General device setup

* FAULT_P bits are used to mask faults. When the FAULT _P bit is set to mask the fault,
the STATUS bit will still be set during the fault, however, the fault will be ignored
(regardless of the FS_STATE) and the nFLTx pins will not trigger.

« FS_STATE_* bits are used to set the reaction to a fault. Generally, this should be set to
“Pulled Low” (turn off the power switch), or “No Action” (motor controller to handle the turn
off). The notable exception is for “High Impedance” for GM faults. This can prevent
damage to the gate driver in the case of a shorted power transistor gate.

— There are “Pulled High” options for some of the faults, | don’t know why. This was a thing from the
original product definer that has never been justified to me, but we left it in.

« * EN or *_DIS bits enable/disable the function. When a function is disabled, no faults are
indicated.

» Writing to any “RESERVED?” bit results in a CRC fault
« Writing the SPI_TEST register results in a CRC fault.

12
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Enabling the driver

Once all of the registers are programmed, send the DRV_EN command.
This can be sent individually, or with the broadcast command.
Once the DRV_EN command is sent, the CRC for the configuration registers is

calculated and stored. Any bit flips to the configuration registers will result in a
CRC fault.

noted on the next slide.

Most of the write commands to registers are disabled with a few exceptions

DRV_EN

Dnver output enable

CA[3]

CA[2]

CA[1]

CA[0]

13
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SPlI communication in ACTIVE mode

 While in ACTIVE mode, all registers are read only with the exception of
CONTROLZ[CLR_FLT], CFGS8[IOUT_SEL],and CFG8[CRC_DIS].

« To change the gate drive strength on the fly, use the following steps:
— Write the CRC_DIS bittoa ‘1’
— Write the IOUT_SEL bits to select the required strength
— Write the CRC_DIS bit toa ‘0’
— Writing to the IOUT_SEL bit without first writing the CRC_DIS bit results in a CRC fault

« The CONTROL1 and CONTROLZ2 registers are also used to perform
diagnostics for some of the functions. To use these registers in ACTIVE mode,
the CRC_DIS bit must be written to a ‘1’ similar to the previous example.

— In general, these diagnostics are only used during a “Key On” cycle, so write the

CRC_DIS bit once, go through all of the diagnostics, then write the CRC_DIS bit back
to ‘0’ and proceed with normal operation.

14
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Exiting ACTIVE mode

« ACTIVE mode is exited in one of two ways.
— Write DRV _DIS to turn off the driver and leave the registers intact

— Write SW_RESET to turn off the driver and reset all of the registers to the default state.
Note that this does NOT change the address

— After sending one of these commands to turn off the driver, the CFG_IN command
must be sent to put the driver back in Configuration 2 state and enable the normal
read/write access.

DRV_DIS Driver output disable | CA[3] | CA[2] | CA[1] | CA[0] | © 0 0 0 0 0 0 0 1 0 1

Software RESET
SW_RESET (Reinitialize the CA[3] | CA[2] | CA[1] | CA[O] 0 1 1 1 0 0 0 0 1 0 0
configurable registers)

15
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ADC sampling modes
| FdgeSampingMode

R e AT S Vo -
[high phase duration inc: ing and low pha:
CH1, CH2, CHs ol sl i CHL,  CH2, CHS ieimocmm e piss

Low phase WM channel selection register setting Low phase P channel selection registor setting.

CH2, CH4 CH2, CH4

Hybrid Mode | Configuring ADC Modes

[ T ————
o, o, o

= Three modes available to ensure least amount of switching noise

= Ry g B = n = Center sampling mode: samples in middle of switching cycle
N+ 7 _ = Edge sampling mode: samples at start or end of each switching cycle
_ ey [ o = = Hybrid sampling mode: samples mode samples in the center until a
o S ‘ — 7T o< e cycle is significantly longer then the one before it

o, e
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ADC setup

Figure 7-74. ADCCFG Register

¢ Setup WhICh Channel IS to be read and RESE12VED ‘ADC?;:J,CH? ADC,;LCH?‘ADC?\’;ZNchf‘ADCJ;:‘LCH,‘ADC?;:LCH?‘ADC?;N?CH?‘ADC?;N?CH?
the part Of the PWM CyCIe durlng Wthh RIW-0x0 RIW-0x0 RW-00 RW-00 R0 RIW-0x0 RW-00 RAN-0:0
It I S to be re ad RESERVED ‘Ancggtf?cm Ancggf}cm‘AchgEfgCHf‘ADcégiFECHf‘AchgEECHf‘ADCEEEECHf‘ADCEEETCHf
b Enable the ADC Wlth the ADC_EN blt Figure 7-51. CFG7 Register
« Select the sample mode with the Fiio Fiwes as
ADC_S AM P_MODE blts );DEEE: ADcf;:s;;\mDE ADC;?\:E:;;DLY AD(‘; R:Uu:u'rj\ FS_STAE;; :[::U:_FAULT
» Set the delay (edge and hybrid modes
only) with the ADC_SAMP_DLY bhits.
These bits are a “don’t care” when
using center mode.
» Use the VREF_SEL bit to select
between an external 4V reference and
the internal reference for the ADC. .

Wi» TEXAS INSTRUMENTS



ADC reading results

 The ADC results are stored in the ADCDATA* registers.

« The TIME_STAMP updates with every transition on IN+
— If the TIME_STAMP has not changed since the last read, the data has not been
updated, unless it happens to be exactly 63 PWM cycles since the last read.
« Equations to calculate the value of the data when using internal Vrer:

» For Al pin voltage: Va=Vaboc(in decimal)*3.519mV;
» For die temperature: ToiE=DATA _DTEMP(in decimal)*0.7015°C-198.36°C;

18
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EVM demo: half-bridge board

Driver secondary
forlow side IGBT

Driver Primary
side for controller

High side
IGBT

] LIoad
DC Bus
L Voltage
~T~Coc <+>
UCC5870-Q1 T
EVM

Low side

IGBT

connection -
Driver secondary
for high side IGBT
EVM link https://www.ti.com/tool/UCC5870QDWJIEVM-026

EVM quickstart demo: hitps;//training.ti.com/ucc5870-ql-evm-quick-star--dema

Double Pulse Test Circuit for a Bridge
Leg of FS820R08A6P2B IGBT module

19

Wi3 TEXAS INSTRUMENTS


https://www.ti.com/tool/UCC5870QDWJEVM-026
https://training.ti.com/ucc5870-q1-evm-quick-start-demo

EVM demo: test system setup

Power
Supply #2
(12Vv/0.2A)

DMM #1 FTO—
DC Current

Power
Supply #1
(4.5V/0.2A)

DMM #2
DC Current

Testsystemsetup for low power test (withoutconnecting IGBT)

EVM link https://www.ti.com/tool 70QDWJIEVM-02
EVM quickstart demo: : ining.ti -q]-

Plug in the MCU board, make
sure the side with components
is facing the EVM board

Connect the MCU board to
computer with the USB cable

Connect 12V and 4.5V or 5V
power supplies

Connect oscilloscope probes,
for example, to measure both
high side and low side driver
Vout

20
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https://www.ti.com/tool/UCC5870QDWJEVM-026
https://training.ti.com/ucc5870-q1-evm-quick-start-demo

EVM demo: GUI

Tools Help

o

Two Level/Soft Turn-off
Two Level Turn-off/Soft Turn Off

STO/2LTOFF is Enabled For

STO:Disabled(0x0) v

Two Level Turn-off settings

Plateau Voltage:(V2 LOFF)

6V v

Plateau Voltage Duration:(t2 LOFF)

150ns v

Gate Discharge Current:(12 LOFF)

03A v

Second Turn-off Current

4 (COM23:9600 Hardware Connected.

EVM link https://www.ti.com/ool/UCC5870QDWJIEVM-026
EVM quickstart demo: https://training.ti.com/ucc5870-g1-evm-quick-stari-demo

Configuration 2 State

Active State

Fault
Ragistor

VaeMVas [

VeelVos Varorr -~ s,

GD_2LOFF_STO_EN = X
2LTOFF_STO_EN = 01, 0x2, 03

GD_2LOFF_STO_EN = 0x1
2LTOFF_STO_EN = 0xS, 05, 0x7
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https://www.ti.com/tool/UCC5870QDWJEVM-026
https://training.ti.com/ucc5870-q1-evm-quick-start-demo

EVM demo: three-phase board

USB to
Computer

DMM #1 ' T . Oscilloscope

DC Current

= = ; |
Power | o i A% VoL
Supply #2
(12VI0.5A) | _
DMM #1
DC Current
¥ = ® ©
Power + 7 ge0Booo
Supply #1 ‘ i 29 ; a - =
(3.3VI0.2A) | _ . 1 m 2 L _ e
EVM link https//www.ti.com/0ol/UCC5870QEVM-045 22
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https://www.ti.com/tool/UCC5870QEVM-045
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