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Automotive Three-Phase MOSFET Driver

FEATURES AND BENEFITS

3-phase bridge MOSFET driver

Bootstrap gate drive for N-channel MOSFET bridge
Cross-conduction protection with adjustable dead time
Charge pump for low supply voltage operation
Operation at any PWM duty cycle up to and including 100%
4.5 to 50 V supply voltage operating range

Supply for external isolator

SPI-compatible serial interface

Bridge control by direct logic inputs or serial interface
Q&A and ENABLE watchdog

Extensive programmable diagnostics

Diagnostic verification

Safety-assist features

Automotive AEC-Q100 qualified

ASIL-Compliant: ASIL D safety element out-of-context
(SE00C) developed in accordance with ISO 26262, when
used as specified in the safety manual

SiL

PACKAGE:

48-pin QFN with
exposed thermal pad
(suffix EV)

@ O

Not to scale

ASIL Compliant

ISO 26262 ]

DESCRIPTION

The AMT49107 is an N-channel power MOSFET driver
capable of controlling MOSFETs connected in a 3-phase
bridge arrangement and is specifically designed for automotive
applications with high-power inductive loads, such as BLDC
motors.

A unique charge pump regulator provides the supply for
the MOSFET gate drive for battery voltages down to 5.5 V
and allows the AMT49107 to operate with a reduced gate
drive down to 4.5 V. Gate drive strength is programmable
to help reduce EMC issues. A bootstrap capacitor is used
to provide the above-battery supply voltage required for
N-channel MOSFETs with a VCP charge pump facilitating
high side gate drive switching at any PWM duty cycle up to
and including 100%.

Full control is provided over all six power MOSFETs in the
3-phase bridge, allowing motors to be driven with block
commutation or sinusoidal excitation. The power MOSFETs
are protected from shoot-through by integrated crossover
control and optional programmable dead time.

Integrated diagnostics provide indication of multiple internal
faults, system faults, and power bridge faults, and can be
configured to protect the power MOSFETSs under most short-
circuit conditions. For safety-critical systems, the integrated
diagnostic operation can be verified under control of the serial
interface.

The serial interface is provided to alter programmable settings
and read back detailed diagnostic information.

The AMT49107 is supplied in a 48-pin wettable flank QFN
package (suffix EV) with exposed thermal pad. The package
is lead (Pb) free with 100% matte-tin leadframe plating.
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SELECTION GUIDE

Part Number Vio (V) Packing Package
AMT49107KEVSR-3-T 33 1500 pieces per 7 mm x 7 mm, 0.9 mm nominal height 48-terminal QFN
AMT49107KEVSR-5-T 5 13-inch reel with exposed thermal pad and wettable flank
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ABSOLUTE MAXIMUM RATINGS [11[2]

Characteristic Symbol Notes Rating Unit
Load Supply Voltage Vgg VBB -0.3t0 50 \%
VREG Charge Pump Terminal VRreg VREG -0.3to0 16 \
VREG Charge Pump Capacitor Terminal Vep CP1, CP3 -0.3to0 16 \Y
VREG Charge Pump Capacitor Terminal Vep2 CP2 Vep1 —0.3t0 Vggg + 0.3 \%
VREG Charge Pump Capacitor Terminal Veps CP4 Veps — 0.3 t0 Vggg + 0.3 \
VCP Charge Pump Capacitor Terminal Veps CP5 —0.3to Vgrg *+ 5 \Y
VREG —-0.3to VVCP +0.3
VCP Charge Pump Capacitor Terminal [4] Vcps CP6 and \Y
VCP5 —-0.3to VCP5 +16
VCP Charge Pump Terminal [4] Vycp VCP Verg — 0.3 10 Vre + 16 v
and -0.3
Battery Compliant Logic Inputs Vig HA, HB, HC, LA, LB, LC, RESETn, ENABLE, POK —-0.3to 50 \Y
Logic Inputs Vv, STRn, SCK, SDI -0.3t06 \Y
Logic Outputs Vo SDO, SAL, SBL, SCL -0.3toV,o+0.3 \Y
Diagnostic Output Terminal Vbiac DIAG —0.3t0 50 \
Bridge Drain Monitor Terminals ViRrG VBRG -51t0 55 \
. CA, CB, CC —0.3to Vycp + 0.3 \Y
Bootstrap Supply Terminals Vex -
CA, CB, CC (Transient) [3] —0.3toVycp+5 \Y
) ) ) GHA, GHB, GHC Vex—16to Vg, +0.3 \
High-Side Gate Drive Outputs Vghx -
GHA, GHB, GHC (Transient) [3] -18 to VCX+0.3 Y,
. SA, SB, SC Vex—16to Vg, + 0.3 \Y
Motor Phase Terminals Vsx -
SA, SB, SC (Transient) [3] —18to Vg, + 0.3 \Y
) ) GLA, GLB, GLC VRgeg — 16 t0 18 \
Low-Side Gate Drive Outputs VaLx -
GLA, GLB, GLC (Transient) 3] -8t018 Y,
) ) ) LSSA, LSSB, LSSC Vgeg — 16 to 18 \Y
Bridge Low-Side Source Terminals Viss -
LSSA, LSSB, LSSC (Transient) 3] -10to 18 \Y
NVM Maximum Programming Junction TauMm Guaranteed by design characterization 85 °C
Temperature
Ambient Operating Temperature Range Ta Limited by power dissipation —40 to 150 °C
Max. Continuous Junction Temperature T j(max) 165 °C
Overtemperature event not exceeding 10 seconds,
Transient Junction Temperature Ty lifetime duration not exceeding 10 hours, 180 °C
guaranteed by design characterization.
Storage Temperature Range Tsig -55to 150 °C
[ with respect to GND. Ratings apply when no other circuit operating constraints are present.
[21 Lowercase “x” in terminal names and symbols indicates a variable sequence character.
[31 Not tested in production. Confirmed by design and characterization. Duration less than 1 ps.
[4] Both stated Rating limits apply.
THERMAL CHARACTERISTICS: May require derating at maximum conditions
Characteristic Symbol Test Conditions [4] Value | Unit
N 4-layer PCB based on JEDEC standard 24 °C/W
EV Package Thermal Resistance 8IA 2-layer PCB with 3.8 in.2 of copper area each side 44 °C/W
[4] Additional thermal information available on the Allegro website.
3
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QFN-48 (EV) Package Pinout Diagram

Terminal List Table

Name Number Function Name Number Function

CA 47 Bootstrap Capacitor Phase A LC 19 Control Input C Low Side

CB 42 Bootstrap Capacitor Phase B LSSA 45 Low-Side Source Phase A

ccC 37 Bootstrap Capacitor Phase C LSSB 40 Low-Side Source Phase B

CP1 7 Pump Capacitor LSSC 35 Low-Side Source Phase C

P2 P i . .

c 6 ump Capacitor NC 24;;,3?1522' No internal connection; connect to GND
CP3 5 Pump Capacitor !

CP4 4 Pump Capacitor POK 27 Power OK Input

CP5 10 VCP Charge Pump Capacitor RESETn 26 Standby Mode Control

CP6 1 VCP Charge Pump Capacitor SA 48 Load Connection Phase A
DIAG 13 Programmable Diagnostic Output SAL 28 Phase A Logic Output

ENABLE 25 Direct Output Activity Control SB 43 Load Connection Phase B

GHA 1 High-Side Gate Drive Phase A SBL 29 Phase B Logic Output

GHB 44 High-Side Gate Drive Phase B SC 38 Load Connection Phase C
GHC 39 High-Side Gate Drive Phase C SCK 22 Serial Clock Input

GLA 46 Low-Side Gate Drive Phase A SCL 30 Phase C Logic Output

GLB 41 Low-Side Gate Drive Phase B SDI 21 Serial Data Input

GLC 36 Low-Side Gate Drive Phase C sSDO 20 Serial Data Output
GND 2 G d . .

roun STRn 23 Serial Strobe (Chip Select) Input
HA 14 Control Input A High Side -
VBB 9 Main Power Supply
HB 16 Control Input B High Side - - -
VBRG 8 High-Side Drain Voltage Sense
HC 18 Control Input C High Side
- VCP 12 VCP Charge Pump Terminal

LA 15 Control Input A Low Side -

B 17 Control Input B Low Side VREG 3 VREG Charge Pump Terminal
PAD Pad Connect To Ground
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FUNCTIONAL BLOCK DIAGRAM
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS: Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
SUPPLY AND REFERENCE
Operating; outputs active 4.5 - 50 \%
VBB Functional Operating Range Veg Operating['l; outputs disabled 3.5 - 50 Vv
No unsafe states 0 - 50 \%
Issa RESETn = high, Vgg =12V, _ o5 30 mA
VBB Quiescent Current all gate drive outputs low
Igps VRreseTn < 300 mV, sleep mode, Vgg <35V - - 18 pA
) VLM =0: Vgg > 4.5V 3.1 3.3 3.5 \Y
Logic I/0 Regulator Voltage (8] Vio
VLM =1:Vgg > 5.5V 4.6 5.0 54 \Y
Logic I/0 Regulator Dropout Voltage Viopo Vgg =4.5V, VLM =1 0 100 200 mV
Core Logic Supply Voltage [9] Vbb 2.5 - 3.5 \Y
55V <Vgg=7.5V, Iyreg = 0to 36 mA 1 13 14.5 \Y,
VREG Output Voltage VRreg
Vgg > 7.5V, lygeg = 40 mA 1 13 14.5 \Y
Vep = Vyep =V, Icp =14 mA, Vggg 2 11 V.
7 cP = Vvcp ~ VBRG: ICP » VREG , _
VCP Voltage [] Vep Von 255 V 9.5 15.2 \%
] Ip =10 mA 0.4 0.7 1.0 \Y
Bootstrap Diode Forward Voltage VigooT
Ip = 100 mA 1.5 2.2 2.8 \Y
Bootstrap Diode Resistance D) ;%éognmAA) = (Visoor(1s0 ma) = Vieoorisoma)/ 5 11 24 Q
Bootstrap Diode Current Limit IpsooT 230 500 750 mA
High-Side Gate Drive Static Load
Resistance Ras 50 - - KQ
ngh-Slde Control Voltage Drop 71 VHlGH VHlGH = VVCP - ch, IH|GH =5mA - - 300 mV
System Clock Period tosc 42.5 50 57.5 ns

Continued on the next page...
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
GATE OUTPUT DRIVE
Turn-On Time, High-Side tims) Cloap=30nF, 2Vto8V, Vg — Vg, =11V 110 - 454 ns
Turn-On Time, Low-Side tr(LS) CLOAD =30 nF, 2Vto8 V, VREG - VLSSX =11V 110 - 454 ns
Turn-Off Time, HIgh-SIde tf(HS) CLOAD =30 nF, 8Vto2 V, VCX - VSX =11V 47 - 250 ns
Turn-Off Time, Low-Side tiLs) Cloap =30nF, 8Vto2V,Vggg—Vissx =11V 47 - 250 ns
) T;=25°C, Igy =—150 mA 2] 25 - 7.7 Q
Pull-Up On-Resistance Rps(onyup
T, =150°C, Igy = —150 mA[2] 4 - 11.9 Q
PU”'Up Peak Source Current (ngh-slde) IPUPK(HS) VCX - VSX =11V —2200 - —-600 mA
Pull-Up Peak Source Current (Low-Side) | Teypks) | Vree = Vissx =11V —2200 - -600 mA
) T, =25°C, Ig_ = 150 mAl2 0.6 - 1.9 Q
Pull-Down On-Resistance Rps(on)on
T, =150°C, Ig_ = 150 mAl2l 0.9 - 2.7 Q
Pull-Down Peak Sink Current (High-Side) | Tpppk(ns) | Vex = Vex = 11V 1100 - 4100 mA
Pull-Down Peak Sink Current (LOW-Wlde) IPDPK(LS) VREG - VLSSX =11V 1100 - 4100 mA
High-Side Minimum Turn-On Time tHrM THR =0 42 55 65 ns
High-Side Turn-On Time
Mean Step Size thrs THR>0 12 16 20 ns
) ) Vgs =0V, IHR1=15 -1050 —240 -160 mA
High-Side Turn-On Current 1 Thr1
Programmable setpoint range -240 - -16 mA
Vgs =0V, IHR2 =15 —-1050 —240 -160 mA
High-Side Turn-On Current 2 Ihro -
Programmable setpoint range -240 - -16 mA
High-Side Minimum Turn-Off Time tHEm THF =0 42 55 65 ns
High-Side Turn-Off Time
Mean Step Size thrs THF >0 12 16 20 ns
) ) Vgs =9V, IHF1=15 160 240 320 mA
High-Side Turn-Off Current 1 | T
Programmable setpoint range 16 - 240 mA
) ) Vs =9V, IHF2=15 160 240 320 mA
High-Side Turn-Off Current 2 Tneo -
Programmable setpoint range 16 - 240 mA
Low-Side Minimum Turn-On Time tLrRm TLR=0 42 55 65 ns
Low-Side Turn-On Time
Mean Step Size tLrs TLR>0 12 16 20 ns
Vgs=0V,ILR1=15 —-1050 —240 -160 mA
Low-Side Turn-On Current 1 I Rr1
Programmable setpoint range -240 - -16 mA
Vgs=0V,ILR2 =15 —1050 —240 -160 mA
Low-Side Turn-On Current 2 I ro
Programmable setpoint range -240 - -16 mA
Low-Side Minimum Turn-Off Time tLEm TLF=0 42 55 65 ns
Low-Side Turn-Off Time
Mean Step Size t rs TLF>0 12 16 20 ns
Ves =9V, ILF1=15 160 240 320 mA
Low-Side Turn-Off Current 1 I F1
Programmable setpoint range 16 - 240 mA
Vs =9V, ILF2=15 160 240 320 mA
Low-Side Turn-Off Current 2 Ik
Programmable setpoint range 16 - 240 mA

Continued on the next page...
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
GATE OUTPUT DRIVE (continued)
GHx Output Voltage High VGHH Bootstrap capacitor fully charged Vey —0.02 - - \%
GHx Output Voltage Low VGHL —10 JA<Igy <10 pA - - Vg, +0.02 \Y
GLx Output Voltage High VoLH VReg —0.02 - - \Y
GLx Output Voltage Low VGLL -10 HA < IGL <10 IJA - - VLSSX+ 0.02 V
Gate-Source Voltage, MOSFET On Vgson No faults present VRoFF - VRkeg \Y
Vgg =0V, Vgux — Vg = 0.1V 0.25 - 2 MQ
GHx Passive Pull-Down Rehep B8 Ghx  ~Sx
Vgg =0V, Ighy = 500 pA 0.5 - 10 kQ
Vegg =0V, Vg x—V, =01V 0.25 - 2 MQ
GLx Passive Pull-Down RaLrp B8 Slx LS
VBB =0 V, IGLX =500 HA 0.5 - 10 kQ
GHx Active Pull-Down Rghpa | V(Cx-Sx) >4V 0.3 - 20 Q
GLx Active Pull-Down Rgoipa | V(VREG-LSSx) >4V 0.3 - 20 Q
Phase input change to unloaded gate output _ _ 73 ns
) change (see Figure 3); DT[5:0] =0
Turn-Off Propagation Delay tp(o) -
Phase input change to unloaded gate output change, _ _ 148 ns
excluding jitterl (see Figure 3); DT[5:0] > 0
Phase input change to unloaded gate output _ _ 58 ns
) change (see Figure 3); DT[5:0] =0
Turn-On Propagation Delay tp(on) -
Phase input change to unloaded gate output change, _ _ 133 ns
excluding jitter4l (see Figure 3); DT[5:0] > 0
Propagation Delay Matching L B B
(Phase-to-Phase) Atpp Same state change, DT[5:0] =0 15 ns
Propagation Delay Matching . 0= _ _
(On-to-Off) Atgo Single phase, DT[5:0] =0 22 ns
Propagation Delay Matching 0] = _ _
(GHx-to-GLx) Aty Same state change, DT[5:0] =0 17 ns
DT[5:0] = 100000 (see Figure 3) 1.35 1.6 1.85 us
Dead Time (Turn-Off to Turn-On Delay) tbEAD
Programmable range 0.1 - 6.35 us
Phase Output Leakage Current Isy CPM1=1,CPMO0 =1 -500 - 500 MA

Continued on the next page...
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
LOGIC INPUTS & OUTPUTS
Input Low Voltage Vi - - 0.3xV \
) Except RESETn 0.7 x Vo - - \Y
Input High Voltage Vin
RESETn 0.8 x Vg - - \Y
Input Hysteresis Vinys Except RESETn 250 550 1000 mV
Input Pull-Down Rep |0V <V <V,ol® 30 50 7 kQ
ENABLE, POK, RESETn Ipp Vio <Vjn < 50 V [6] 40 100 170 pA
Input Pull-Down Rpp |0V <Vy<Vll 30 50 77 kQ
LA, LB, LC, HA, HB, HC Ipp Vio < Vi< 50 VIl 40 100 170 A
Input Pull-Down SDI, SCK Reps 0V<Vy<Vpld 30 50 77 kQ
Input Pull-Up STRn (to V) Rpus 30 50 77 kQ
Output Low Voltage VoL IoL = 1mAM[ - 0.2 0.4 \
Output High Voltage Vou IoL =—1mAl2l Vio—-04 | Vg—-0.2 - \Y
Output Leakage SDO [ Iosp 0V <Vgpo<Vo, STRn =1 -1 - 1 pA
Output Leakage DIAG [2] Iopi 0V <Vpag<5.5V,DG[1:0]=0 - - 1 pA
Osult:?gt gzﬁra%iﬁg]i[ts]Current Tosc SDO, SxL pulled to ground -30 - - mA
LOGIC I/0 - DYNAMIC PARAMETERS
Reset Pulse Width trsT 1 - 4.5 us
Reset Shutdown Time trsD RESETNn low to gate drives disabled - - 40 us
POK Disable Time trop POK low to gate drives low - - 0.5 us
ENABLE Disable Time tenD ENABLE low to gate drives low, EWD =0 - - 0.5 us
Clock High Time tsckH Ain Figure 2 50 - - ns
Clock Low Time tsckL B in Figure 2 50 - - ns
Strobe Lead Time tsTLD C in Figure 2 100 - - ns
Strobe Lag Time tsTLg D in Figure 2 30 - - ns
E in Figure 2 (Serial Registers 0-15, 18-21) 350 - - ns
Strobe High Time [11] tsTRH — - -
E in Figure 2 (Serial Registers 16, 17) 2100 - - ns
Data Out Enable Time tspoe F in Figure 2; C_ oap = 10 pF - - 40 ns
Data Out Disable Time tspop G in Figure 2 - - 30 ns
Data Out Valid Time From Clock Falling tspov H in Figure 2; C opp = 10 pF - - 40 ns
Data Out Hold Time From Clock Falling tspon I'in Figure 2 5 - - ns
Data In Setup Time To Clock Rising tspis J in Figure 2 15 - - ns
Data In Hold Time From Clock Rising tspiH K'in Figure 2 10 - - ns
Wake Up From Sleep ten Creg = 22 uF - - 10 ms
NVM - PROGRAMMING PARAMETERS
Programming Voltage Vpp Applied to VBB when programming 24 - - \%
Programming Supply Setup Time trrs Vpp > Vppyn to start of NVM write 10 - - ms
Number of Write Cycles [10] Nwe T,<85°C - - 400 -

Continued on the next page...
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified
Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
DIAGNOSTICS AND PROTECTION

VREG Undervoltage VRon VReg rising 9.4 9.8 10.2 \
Vrore | Vreg falling 9.2 9.5 10 \Y
VREG Overvoltage Warning Vrov VReg rising 16.2 16.8 17.3 \
VREG Overvoltage Hysteresis VRoOVHys 900 1200 1700 mV
VBB Overvoltage Warning Veegov | Vgg rising 32 34 36 \Y
VBB Overvoltage Hysteresis VBBOVHys 25 2.8 3.1 \
VBB Undervoltage Vgguy | Vgg falling 3.5 3.8 4.3 \%
VBB Undervoltage Hysteresis VBBUVHYs 300 500 700 mV
VPP Undervoltage Vppuy 20 - 22 \%
VBB POR Voltage Vieer Vgg falling 24 3 3.5 \Y
VBB POR Voltage Hysteresis VyBBRHys 50 400 700 mV
Logic Undervoltage when VLM = 0 [8] Vicon | Vie Mising 28 29 3 v
Vioore | Vio falling 2.7 2.8 2.9 \Y
Logic Undervoltage when VLM = 1 [8] Vieon | Vio fising 42 43 45 v
Vioorr | Vio falling 41 4.2 44 \
Bootstrap Undervoltage Vecuv | Veoor falling, Vgoot = Vex — Vsx 6.85 8.0 8.85 \
Bootstrap Undervoltage Hysteresis VBcuvHys 150 - 650 mV
VCP Undervoltage [] Vepuvy | Vep falling, Vep = Vyep — Vare 7.3 8.4 9.5 \
VCP Undervoltage Hysteresis Vepuvhys 100 - 350 mV
Gate Drive Undervoltage Warning HS | Vgshuv | Vash falling Veoor—1.15| Veoor—1 |Veoor—0.85 \
Gate Drive Undervoltage Warning LS Vesiuy | Vast falling Vreg—1.15 | Vreg—1 | VReg—0.85 \
Logic Terminal Overvoltage Warning Viov gﬂngéES;:gD?An:A’ LA, HB, LB, HC, LC, 6.3 - 9.5 \%
ENABLE Input Timeout teto 85 100 115 ms
Q&A Watchdog Timeout (Minimum) [&] tam QAT[3:0]=0 85 100 115 us
Q&A Watchdog Timeout (Maximum) (8] tama QAT[3:0] =0 170 200 230 us
VBRG Input Voltage VBRra When VDS monitor is active 4.5 Vgs 50 \
VBRG Input Current vere g[\)/SLHVB:zfiLil/tl;;{ BSPN:[%ZX]’ =3 145 - 2000 bA
Iygreq | Sleep mode Vgrg <35V - - 10 MA
Default power-up value - 1.2 - \%
VDS Threshold, High-Side VpstH | Verg 2 5.5 VIEIT2] - - 3.15 \
4.5V < Vpgrg < 5.5 VIBI2] - - 1.75 \Y
. ) High side on, Vpgry 21V —200 +100 +200 mV
VDS Threshold Offset, High-Side 3! VpsTHO —
High side on, Vpgry <1V -150 +50 +150 mV
Default power-up value - 1.2 - \%
VDS Threshold, Low-Side VpsTL
- - 3.15 \
Continued on the next page...
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AMT49107 Automotive Three-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T; = —40°C to 150°C, Vgg = 4.5 to 50 V, unless otherwise specified
Test Conditions Min. Typ. Max. Unit

Characteristic | Symbol |

DIAGNOSTICS AND PROTECTION (continued)

) Low side on, Vpgr 21V —200 +100 +200 mV
VDS Threshold Offset, Low-Side [3] VpbsTLo -
Low side on, Vpgr <1V -150 +50 +150 mV
o Default power-up value 1.5 1.7 2.0 us
VDS and VGS Qualify Time tvpa
Programmable range 0.6 - 6.3 us
Phase Comparator Threshold Vpt Phase voltage rising; default power-up value 48 50 52 %Vgra
VBRG Open Threshold VgRrRu Vggg falling; default value 7.5 8 8.5 \
VBRG Open Threshold Hysteresis VBRUHys 200 400 600 mV
LSS Disconnect Threshold (Rising) Visp 4.5 5 55 \
LSS Disconnect Threshold Hysteresis | V| gppys 330 520 630 mV
LSS Verification Current Iy -150 —-70 —43 HA
DIAG Output: Fault Pulse Period tep DG =1 85 100 115 ms
DG = 1: No Fault present 80 %
DIAG Output: Fault Pulse Duty Cycle Dep
DG = 1: Fault present 20 %
DIAG Output: Temperature Range [13] V1ip DG=2,T,;=0°C - 1440 - mV
DIAG Output: Temperature Slope [13] Arip DG =2 - -3.92 - mV/°C
DIAG Output: Clock Division Ratio Np DG=3 256000 -
DIAG Output: Temperature _ _

Sink Current Trusi DG =2, Vpne =2V B 70 B KA
DIAG Output: Temperature _ _

Source Current luso | DG =2, Vo =0V - 1 - mA
Temperature Warning Threshold [13] Tiw Temperature increasing 125 135 145 °C
Temperature Warning Hysteresis [13] T jwhys 1 15 19 °C
Overtemperature Threshold [13] T Temperature increasing 165 175 185 °C
Overtemperature Hysteresis [13] Tirnys | Recovery =T e — Tpnys 11 15 19 °C
Off-State Test Sink Current Isp YPS =3,V(Sx)=3V 1.25 25 3.77 mA

YSC =0, V(Sx)=1V -120 -90 -50 pA
Off-State Test Source Current Isy
YSC=1,V(Sx)=1V —460 —410 -300 uA

[ No internal reset.

[21 For input and output current specifications, negative current is defined as coming out of (being sourced by) the specified device terminal.

[B1 VDS offset is the difference between the programmed threshold, Vpgry or Vpsy, and the actual trip voltage.

[4] For DT[5:0] > 0, jitter of £25 ns must be added to the limits shown.

[5] Maximum value of VDS threshold that should be set in the configuration registers for correct operation when Vgrg is within the stated range.

161 v, is voltage from relevant terminal with respect to GND.

[ Vcp refers to the voltage on the VCP terminal with respect to the voltage on the VBRG terminal. Vy,cp refers to the voltage on the VCP terminal with
respect to the device GND pin.

[8] Confirmed by design.

191 Vpp derived from Vgg for internal use only. Not accessible on any device terminal.

[10 Confirmed by characterization. Not production tested.

[11] Strobe high time values apply after serial interface frames addressing the registers listed in the test conditions column.

121 Vgrg < Vgru, then a VBRG undervoltage fault will be detected. If FBRG = 1, all six gate drive outputs will be disabled.

[13] Stated values confirmed by design and characterization (not production-tested). Associated function production-tested.

11

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

ALLEGRO

microsystems



AMT49107 Automotive Three-Phase MOSFET Driver
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Figure 2: Serial Interface Timing
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Figure 3: Gate Drive Timing, Phase Logic Inputs
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AMT49107 Automotive Three-Phase MOSFET Driver

MOSFET on
MOSFET turn on MOSFET turn on Transient disturbance MOSFET on
No short present Short present No short present Short occurs
No fault detected Fault detected after tyoq Fault detected immediately Fault detected immediately

' typq ' twpa ! ! !
> | |
DIAG :
_____________ i_ o _
Fault Bit :
Figure 4: VDS Fault Monitor — Blank Mode Timing (VDQ = 1)
MOSFET on
MOSFET turn on MOSFET turn on Transient disturbance MOSFET on
No short present Short present No short present Short occurs
No fault detected Fault detected after tyoq No fault detected Fault detected after tvoq

o | o

|
_______________ l__ [ I_
Fault Bit : : |_

Figure 5: VDS Fault Monitor — Debounce Mode Timing (VDQ = 0)
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AMTA49107

Automotive Three-Phase MOSFET Driver

STRn |_ |_ —l
SCK-7 16 clocks 7 — 16 clocks — 7 —
SDI -7 SEQO't—{ SEQ1’ |—| SEQ2' Reg16 (R) 7 —— Reg16 (W): LUT[1] }—7Z —
SDO -7 LUT Address 1 7 — (Status) — 7 —
Q&A WD Inactive Active Active
WD Timer

A
Enabled Q&A Watchdog

Reset Q&A Watchdog Timer

LUT: Look-up Table

"SEQ for Q&A watchdog Active

Figure 6: Q&A Watchdog Activation and Correct Reset

STRn |

—

SCK-7 -I 16 clocks 16 clocks -| 16 clocks I—l 16 clocks — 7 —
SDI-7 .| Reg16 (R) Reg16 (W) LUT[1] —| Reg16 (R) |—| Reg16 (W): LUT[2] }— 7 —
SDO -7 .| LUT Address 1 (Status) ﬂ LUT Address 2 |—| (Status) L
Qe - 7 0x0 Ox1 0x2
Minimum Q&A WD Time out
................... —,

QTO

A

Reset Q&A Watchdog Timerﬂ

Reset Q&A Watchdog Timer

I

Figure 7: Q&A Watchdog Incorrect Timing Reset (Early Reset)
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AMT49107 Automotive Three-Phase MOSFET Driver

stn | [ | | |

SCK-7 -I 16 clocks H 16 clocks 16 clocks I—l 16 clocks — 7 —

SDI-Z-| Reg16 (R) |—| Reg16 (W) LUT[1] -| Reg16 (R) |—| Reg16 (W): LUT[2] |— 7 —

SDO -7 .| LUT Address 1 |—| (Status) ﬂ LUT Address 2 |—| (Status) |,

(Number of _

mis-refresh) Z 0x0 0x1 ox2

Maximum Q&A WD Time out

Minimum Q&A WD Time out

WD Timer

A v
Reset Q&A Watchdog Timer

Reset Q&A Watchdog Timer

QTO

Figure 8: Q&A Watchdog Incorrect Timing Reset (Late Reset)

STRn _| |_|

SCK-7 -I 16 clocks H 16 clocks

16 clocks I—l 16 clocks — 7 —

Reg16 (R) |—| Reg16 (W): LUT[9] f— 7 —

SDI-7 .| Reg16 (R) |—| Reg16 (W) LUTI8]

B I I

SDO-7{ LUTAddresst [ (Status) LUT Address 2 [— (Status)  f—7 —

(Number of _

mis-refresh) V4 0x0 0x1 0x2

Maximum Q&A WD Time out

WD Timer

A

Reset Q&A Watchdog Timer
Reset Q&A Watchdog Timer

QAE

Figure 9: Q&A Watchdog Reset with Wrong Answer
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Automotive Three-Phase MOSFET Driver

Table 1: Control Logic — Logic Inputs

LOGIC TRUTH TABLES

Phase A Phase B Phase C
HA LA GHA GLA SA HB LB GHB GLB SB HC LC GHC GLC SC
0 0 LO LO z 0 0 LO LO z 0 0 LO LO z
0 1 LO HI LO 0 1 LO HI LO 0 1 LO HI LO
1 0 HI LO HI 1 0 HI LO HI 1 0 HI LO HI
1 1 LO LO z 1 1 LO LO z 1 1 LO LO z
HI = high-side FET ['] active, LO = low-side FET ['] active
Z = high impedance, both FETs [1] off
All control register bits set to 0; RESETn = 1, ENABLE = 1, POK =1
Table 2: Control Logic — Serial Register
Phase A Phase B Phase C
AH AL GHA GLA SA BH BL GHB GLB SB CH CL GHC GLC SC
0 0 LO LO z 0 0 LO LO z 0 0 LO LO z
0 1 LO HI LO 0 1 LO HI LO 0 1 LO HI LO
1 0 HI LO HI 1 0 HI LO HI 1 0 HI LO HI
1 1 LO LO z 1 1 LO LO z 1 1 LO LO z

HI = high-side FET ['] active, LO = low-side FET ["] active
Z = high impedance, both FETs [1] off
Logic 0 input on HA, LA, HB, LB, HC, and LC. RESETn = 1, ENABLE =1, POK = 1

Table 3: Control Combination Logic — Logic Inputs and Serial Register

Terminal | Register | Internal Terminal | Register | Internal
Hx xH Hix Lx xL LOx The three phases are controlled independently.
0 0 0 0 0 0 Internal control signals (HIx, LOx) are derived by
0 1 1 0 1 1 combining the logic states applied to the control input
1 0 1 1 0 1 terminals (Hx, Lx) with the bit patterns held in the Control
register (xH, xL).
1 1 1 1 1 1
| Normally the input terminals or the Control register method
is used for control with the other being held inactive (all
terminals or bits at logic 0).
\4 \ A
ENABLE Hix LOx GHx GLx Sx Comment
1 0 0 L L 4 Phase disabled
1 0 1 L H LO Phase sinking
1 1 0 H L HI Phase sourcing
1 1 1 L L 4 Phase disabled
0 X X L L Z Phase disabled

X =don’t care

[1In the case of GLx and GHx table columns, “FET" refers to devices internal to the gate driver output stage. In the case of Sx table columns, “FET”
refers to discrete devices in the external bridge.
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Automotive Three-Phase MOSFET Driver

AMTA49107

Table 4: Open-Load Detect Mode

OL detect

(Off-State)

Yes

Yes

Yes

Yes

LOC

HIC

LOB

HIB

LOA

HIA

OL detect

(Off-State)

Yes
Yes
Yes
Yes

LoC

HIC

LOB

HIB

LOA

HIA

HIx, LOx derived from Table 3.
RESETn =1, ENABLE =1, POK = 1.
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AMTA49107

Automotive Three-Phase MOSFET Driver

FUNCTIONAL DESCRIPTION

The AMT49107 provides six high current gate drives capable of
driving a wide range of N-channel power MOSFETs. The gate
drives are configured as three half bridges, each with a high-side
drive and a low-side drive. The three half bridges can be oper-
ated independently or together as a three-phase bridge driver for
BLDC or PMSM motors.

Gate drives have programmable drive strength and can be
controlled individually with logic inputs or through the
SPI-compatible serial interface. Independent control over each
MOSFET allows each driver to be driven with an independent
PWM signal for full sinusoidal excitation.

All logic inputs are standard CMOS levels and can be pro-
grammed to be compatible with 3.3 V or 5 V logic outputs. The
gate drive control logic inputs are battery voltage compliant,
meaning they can be shorted to ground or supply without dam-
age, up to the maximum battery voltage of 50 V.

The AMT49107 requires a single unregulated supply of 4.5 to
50 V and includes two charge-pump regulators for the gate drive
supply and two integrated linear regulators for the internal logic.

One charge pump regulator provides the regulated gate drive
voltage used for the low-side gate drive and for the initial charge
of the bootstrap capacitors. The second charge pump creates a
regulated voltage above the bridge voltage to maintain the charge
on the bootstrap capacitors for 100% PWM operation and to
provide the charge for the bootstrap capacitors at high PWM duty
cycle. In this way, the gate drive can drive the MOSFETSs from 0
to 100% PWM with no duty cycle restriction. Depending upon
the bridge state boot capacitor charge current may flow into the
VBRG terminal.

One linear regulator provides the internal logic supply voltage,
Vpp, and a second independent regulator provides the supply,
Vo, for the digital 1/O.

Circuit functions are provided within the AMT49107 to ensure
that under normal operating conditions all external power MOS-
FETs are fully enhanced at supply voltages down to 4.5 V. For
extreme battery voltage drop conditions, the AMT49107 is guar-
anteed not to reset any internal states at supply voltages down

to 3.5 V. However, below 4.5V, it is possible that the gate drive
output may fall below a safe level and be disabled.

A low-power sleep mode allows the AMT49107, the power
bridge, and the load to remain connected to a vehicle battery sup-
ply without the need for an additional supply switch.

The AMT49107 includes many diagnostic features to provide
indication of and/or protection against undervoltage, overvoltage,
overtemperature, and power bridge faults. Detailed diagnostic
information is available through the serial interface.

For systems requiring a higher level of safety integrity, the
AMT49107 includes additional overvoltage monitors on the sup-
plies and the control inputs. In addition, the integrated diagnos-
tics include self-test and verification circuits to ensure verifiable
diagnostic operation. When used in conjunction with appropri-
ate system level control, these features can assist power drive
systems using the AMT49107 to meet stringent ASIL D safety
requirements.

The serial interface also provides access to programmable dead
time, fault blanking time, programmable Vg threshold for short
detection, and programmable thresholds and currents for open-
load detection

ALLEGRO
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Automotive Three-Phase MOSFET Driver

Input and Output Terminal Functions

VBB: Power supply for VREG charge pump regulator. Should be
connected to VBB through a reverse voltage protection circuit
and should be decoupled with ceramic capacitors connected close
to the supply and ground terminals.

VBRG: Sense input from the top of the external MOSFET bridge.
Allows accurate measurement of the voltage at the drain of the
high-side MOSFETs in the bridge. Point to which VCP charge
pump regulator output is referenced.

CP1, CP2, CP3, CP4: Pump capacitor connections for VREG
charge pump. Connect capacitors with a recommended nominal
value of 2.2 uF between CP1 and CP2 and between CP3 and
CP4. These devices should have a rated working voltage of at
least 50 V and a tolerance of £20% or better.

CP5, CP6: Pump capacitor connection for external VCP charge
pump. Connect a capacitor with a recommend nominal value of
2.2 uF between CP5 and CP6. This device should have a rated
working voltage of at least 25 V and a tolerance of £20% or better.

VREG: Regulated output voltage, used to supply the low-side
gate drivers and to charge the bootstrap capacitors. A sufficiently
large storage capacitor must be connected between this terminal
and the GND terminal to provide the transient charging current.

GND: Ground. See Layout Recommendations section for further
information.

CA, CB, CC: High-side connections for the bootstrap capacitors
and positive supply for high-side gate drivers.

GHA, GHB, GHC: High-side gate drive outputs for external
N-channel MOSFETs.

SA, SB, SC: Load phase connections. These terminals are the
negative supply connections for the floating high-side drivers and
are also connected to the negative side of the bootstrap capaci-
tors.

GLA, GLB, GLC: Low-side gate drive outputs for external
N-channel MOSFETs.

LSSA, LSSB, LSSC: Low-side return path for discharge of
the capacitance on the MOSFET gates, connected to the com-
mon sources of the low-side external MOSFETs independently
through a low impedance track.

HA, HB, HC: Logic inputs to control the high-side gate drive
outputs. Battery voltage compliant terminal.

LA, LB, LC: Logic inputs to control the low-side gate drive out-
puts. Battery voltage compliant terminal.

SDI: Serial data logic input with pull-down. 16-bit serial word
input MSB first.

SDO: Serial data output. High impedance when STRn is high.
Outputs bit 15 of the Status register, the fault flag, as soon as
STRn goes low.

SCK: Serial clock logic input with pull-down. Data is latched
in from SDI on the rising edge of SCK. There must be 16-rising
edges per write and SCK must be held high when STRn changes.

STRn: Serial data strobe and serial access enable logic input
with pull-up. When STRn is high, any activity on SCK or SDI
is ignored and SDO is high impedance, allowing multiple SDI
slaves to have common SDI, SCK, and SDO connections.

DIAG: Diagnostic output. Programmable output to provide one
of four functions: fault flag, pulsed fault flag, temperature, or
internal timer. Default is fault flag.

RESETNn: Resets fault states when pulsed low. Forces low-power
shutdown (sleep) when held low for more than the RESET shut-
down time, tpqp. Battery voltage compliant terminal and can be
pulled to VBB. RESETn is not monitored for overvoltage.

ENABLE: Disables all gate drive outputs when pulled low in
direct mode or after a timeout in watchdog mode. In direct mode,
it provides an independent output disable, directly to the gate
drive outputs, to allow a fast disconnect on the power bridge. Bat-
tery voltage compliant terminal.

POK: Disables all gate drive outputs when pulled low. Provides
a second independent output disable directly to the gate drive
outputs to allow a fast disconnect on the power bridge. Battery
voltage compliant terminal.

SAL, SBL, SCL: Logic level outputs representing the state of
each phase determined by the output of a programmable thresh-
old comparator.

VCP: Pumped gate drive voltage referenced to the VBRG termi-
nal. Can be used to bias external circuitry in accordance with the
VCP voltage specification in the Electrical Characteristics table.
Connect a ceramic capacitor, Cycp, of nominal value 2.2 uF
between VCP and VBRG. This device should have a rated work-
ing voltage of at least 25 V and a tolerance of +20% or better.

ALLEGRO
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Power Supplies

A single power supply voltage is required. The main power sup-
ply, Vg, should be connected to VBB through a reverse voltage
protection circuit. A 100 nF ceramic decoupling capacitor must
be connected close to the supply and ground terminals.

A low-power independent internal regulator provides the supply
voltage, Vpp, to the internal logic. A second integrated program-
mable linear regulator provides the supply voltage, Vi, to all
logic inputs and push-pull outputs.

All internal logic is guaranteed to operate correctly to below the
regulator undervoltage levels, ensuring that the AMT49107 will
continue to operate safely until all logic is reset when a power-
on-reset state is present.

The AMT49107 will operate within specified parameters with
Vgg from 4.5 to 50 V. For Vg less than 4.5V, the outputs may
be disabled, but the internal logic circuits and the diagnostic
output will continue to operate with a Vg supply down to 3.5 V.
Operation of other digital inputs and outputs, within specified
parameters, will be limited by Vg relative to the voltage selected
for the logic 1/O, V5. When Vg is set to 5V, the logic input/
output threshold will be within specified limits for Vgg > 5.5 V.
When Vg is set to 3.3 V, the logic input/output threshold will be
within specified limits for Vgg > 4.5 V.

In all cases, the AMT49107 will operate safely between 0 V and
50 V under all supply switching conditions. This provides a very
rugged solution for use in the harsh automotive environment.

VREG Charge Pump Regulator

The gate drivers are powered by an internal voltage regulator
which generates a voltage, Vi, at the VREG terminal. It limits
the supply voltage to the drivers and therefore the maximum gate
voltage. At low supply voltage, the regulated supply is main-
tained by a charge pump boost converter.

This regulator uses a charge pump scheme with a switching fre-
quency of 62.5 kHz. It operates as a regulated doubler/tripler or a
step-down regulator depending on the input voltage on the VBB
terminal. Three external capacitors are required for the regulator
to operate: two pump capacitors and one storage capacitor. The
pump capacitors, Cp; and Cp, should have a nominal value of
2.2 pF and be connected between the CP1 and CP2 terminals and
between the CP3 and CP4 terminals respectively. These devices
should have a rated working voltage of at least 50 V and a toler-
ance of £20% or better. The storage capacitor, Crgg, is connected
between the VREG and GND terminals. The storage capacitor
value will depend on the size of the bootstrap capacitors and the

total gate charge of the external power MOSFETs. Further details
on selecting the value of Cryg are provided in the Applications
Notes section.

VCP Charge Pump Regulator

This regulator generates a voltage above the bridge supply,
VBRG. It provides some of the switching current for the high-
side drives, the charge current for the bootstrap capacitors at high
PWM duty cycles, the bias current, and the gate drive current to
hold the high-side MOSFET in the on-state.

This regulator also uses a charge pump scheme with a switch-
ing frequency of 62.5 kHz. The voltage at the VREG terminal is
pumped to produce the required output. Two external capacitors
are required for the regulator to operate: one pump capacitor
and one storage capacitor. The pump capacitor, Cps, should have
a nominal value of 2.2 uF and be connected between the CP5
and CP6 terminals. The storage capacitor, Cycp, should have a
nominal value of 2.2 uF and be connected between the VCP and
VBRG terminals. Both the pump and storage capacitors should
have a rated working voltage of at least 25 V and a tolerance of
+20% or better.

One of four modes of operation may be selected according the
value of the CPM[1:0] bits in the Configuration 5 register. If
CPM[1:0] is set to 00b, the regulator runs in auto mode. Average
regulator current is greater than 5 mA per phase until internal
device logic detects that no high-side gate drive has been com-
manded on for more than 200 ps and then it drops back to a value
of just over 200 pA per phase to reduce device dissipation. Alter-
natively, if CPM[1:0] is set to 01b or 10b, the regulator will drive
a fixed current of 200 pA or 5 mA respectively. If CPM[1:0] is set
to 11b, the regulator is turned off.

Gate Drives

The AMT49107 is designed to drive external, low on-resistance,
power N-channel MOSFETs. It will supply the large transient
currents necessary to quickly charge and discharge the external
MOSFET gate capacitance in order to reduce dissipation in the
external MOSFET during switching. The charge current for the
low-side drives and the main recharge current for the bootstrap
capacitors are provided by the capacitor on the VREG terminal.
The charge current for the high-side drives is provided by the
bootstrap capacitors connected between the Cx and Sx terminals,
one for each phase. MOSFET gate charge and discharge rates
may be controlled by setting a group of parameters via the serial
interface.
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Bootstrap Supply

When the high-side drivers are active, the reference voltage for
the driver will rise close to the bridge supply voltage. The supply
to the driver will then have to be above the bridge supply voltage
to ensure that the driver remains active. This temporary high-side
supply is provided by bootstrap capacitors, one for each high-side
driver. These three bootstrap capacitors are connected between
the bootstrap supply terminals, CA, CB, CC, and the correspond-
ing high-side reference terminal, SA, SB, SC.

The bootstrap capacitors are independently charged to approxi-
mately Vrpg when the associated reference Sx terminal is low.
When the output swings high, the voltage on the bootstrap supply
terminal rises with the output to provide the boosted gate voltage
needed for the high-side N-channel power MOSFETs.

When the Sx terminal remains high for extended periods of time,
the gate drive voltage is maintained by the above-Vpp regulated
voltage at the VCP terminal. This supply also provides the charg-
ing current when the output PWM duty cycle is too high to permit
the bootstrap capacitor to be recharged between high-side turn-on
events. This combination of bootstrap drive and boosted regulator
provides the most efficient gate drive system for a PWM system
able to operate between 0 and 100% without restriction.

High-Side Gate Drive

High-side gate drive outputs for external N-channel MOSFETs
are provided on terminals GHA, GHB, and GHC. GHx =1 (or
“high”) means that the upper half of the driver is turned on and
its drain will source current to the gate of the high-side MOSFET
in the external motor-driving bridge, turning it on. GHx = 0 (or
“low”) means that the lower half of the driver is turned on and its
drain will sink current from the external MOSFET’s gate circuit
to the respective Sx terminal, turning it off.

The reference points for the high-side drives are the load phase
connections, SA, SB, and SC. These terminals sense the voltages
at the load connections. These terminals are also connected to the
negative side of the bootstrap capacitors and are the negative sup-
ply reference connections for the floating high-side drivers. The
discharge current from the high-side MOSFET gate capacitance
flows through these connections, which should have low imped-
ance traces, to the MOSFET bridge.

MOSFET gate charge and discharge rates may be controlled via
the serial interface as detailed in the Gate Drive Control section
below.

Low-Side Gate Drive

The low-side gate-drive outputs on GLA, GLB, and GLC are
referenced to the corresponding LSSx terminal. These outputs are
designed to drive external N-channel power MOSFETs. GLx = 1
(or “high”) means that the upper half of the driver is turned

on and its drain will source current to the gate of the low-side
MOSFET in the external power bridge, turning it on. GLx = 0 (or
“low”) means that the lower half of the driver is turned on and its
drain will sink current from the external MOSFET’s gate circuit
to the LSSx terminal, turning it off.

The LSSx terminals provide the return paths for discharge of the
capacitance on the low-side MOSFET gates. These terminals are
connected independently to the common sources of the low-side
external MOSFETs through a low-impedance tracks.

MOSFET gate charge and discharge rates may be controlled via the
serial interface as detailed in the Gate Drive Control section below.

Gate Drive Passive Pull-Down

Each gate drive output includes a discharge circuit to ensure that
any external MOSFET connected to the gate drive output is held
off when Vg is removed. This discharge circuit appears as a vari-
able pull-down resistance which rapidly falls in value with increas-
ing gate drive voltage. If any MOSFET gate becomes charged

by external means, the passive pull-down rapidly discharges it to
below the device turn on threshold. In some applications, this can
eliminate the requirement for a permanent external gate source
resistor. If Vg is applied to the AMT49107, the passive pull-down
circuit becomes inactive and does not affect gate drive operation.

Dead Time

To prevent cross-conduction (shoot-through) in any phase of the
power MOSFET bridge, it is necessary to have a dead-time delay
between a high- or low-side turn off and the next complementary
turn-on event. The potential for cross-conduction occurs when
any complementary high-side and low-side pair of MOSFETs

are switched at the same time, for example, at the PWM switch
point. In the AMT49107, the dead time for all phases is set by the
contents of the DT[5:0] bits in Configuration 0 register. These six
bits contain a positive integer that determines the dead time by
division from the system clock.

The dead time is defined as:
tDEAD =n X 50 ns

where n is a positive integer defined by DT[5:0] and tppsp has a
minimum active value of 100 ns.

For example, when DT[5:0] contains [11 0000] (= 48 in decimal),
then tppap = 2.4 ps, typically.
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The accuracy of thgapy is determined by the accuracy of the sys-
tem clock as defined in the Electrical Characteristics table. The
range of tppap 1s 100 ns to 3.15 ps. A value of 1 or 2 in DT[5:0]
sets the minimum active dead time of 100 ns.

If DT[5:0] is set to zero, the dead timer is disabled and no mini-
mum dead time is generated by the AMT49107. The logic that
prevents permanent cross-conduction is, however, still active.
Adequate dead time must be generated externally by, for exam-
ple, the microcontroller producing the drive signals applied to the
AMT49107 logic inputs or control register.

If using gate drive control, the extended MOSFET switching
times that result must be accounted for when setting dead time, as
described in the Gate Drive Control section below.

The internally generated dead time is only present if the on com-
mand for one MOSFET occurs within one dead time after the off
command for its complementary partner. In the case where one
side of a phase drive is permanently off, for example when using
diode rectification with slow decay, then the dead time does not
occur. In this case, the gate drive turns on within the specified
propagation delay after the corresponding phase input goes high.
(See Figure 3).

Gate Drive Control

MOSFET gate drives are controlled according to the values set in
registers 7 through 12.

High-side off-to-on transitions are controlled as detailed in
Figure 10a. When a gate drive is commanded to turn on a current,
I; (as defined by IHR1[3:0]), is sourced on the relevant GHx
terminal for a duration, t; (defined by THR[3:0]). These param-
eters should typically be set to quickly charge the MOSFET

input capacitance to the start of the Miller region, as drain-source
voltage does not change during this period. Thereafter, the current
sourced on GHXx is set to a value of I, (as defined by IHR2[3:0])
and remains at this value while the MOSFET transitions through
the Miller region and reaches the fully on-state. For high-side
gate drives, the MOSFET fully on-state is defined as the voltage
on the GHx gate drive output rising to a value within 1 V(typ) of
the Cx terminal. I, should be set to achieve the required rising
time on the motor phase connection. Once in the fully on-state,
the GHx output switches from current to voltage drive to hold the
MOSFET in the on-state.

If the values of IHR1 and THR?2 are set to 0, GHx produces
maximum drive to turn on the MOSFET as quickly as possible
without attempting to control the input capacitance charge time
(Figure 10b). The value of THR has no effect on switching speed.

Low-side off-to-on transitions are controlled in a similar manner

Gate Drive
Command
State OFF I4 Iz ON
| I{- Miller Region -}I/

Ves i |

; i ;
o |
Vbs oty I
! > !

Figure 10a: Off-to-On Transition (Gate Drive Control)
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Figure 10b: Off-to-On Transition (Switched)
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Figure 10c: On-to-Off Transition (Gate Drive Control)
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Figure 10d: On-to-Off Transition (Switched)
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by setting TLR[3:0], ILR1[3:0], and ILR2[3:0] to control GLx.
For low-side gate drives, the MOSFET fully on-state is defined as
the voltage on the GLx gate drive output rising to a value within

1 V(typ) of VREG. I, should be set to achieve the required falling
slew time on the motor phase connection.

High-side on-to-off transitions are controlled as detailed in
Figure 10c. When a gate drive is commanded to turn off, a cur-
rent, I, (as defined by IHF1[3:0]), is sunk by the relevant GHx
terminal for a duration, t; (defined by THF[3:0]). These param-
eters should typically be set to quickly discharge the MOSFET
input capacitance to the start of the Miller region as drain-source
voltage does not change during this period. Thereafter, the current
sunk by GHx is set to a value of I, (as defined by IHF2[3:0]) and
remains at this value while the MOSFET transitions through the
Miller region and reaches the fully off-state. For high-side gate
drives, the MOSFET fully off-state is defined as the voltage on
the GHx gate drive output falling to a value within 1 V(typ) of
the Sx terminal. I, should be set to achieve the required falling
slew time on the motor phase connection. Once in the fully off
condition, the GHx output switches from current to voltage drive
to hold the MOSFET in the off-state.

If the values of IHF1 and IHF?2 are set to 0, GHx produces maxi-
mum drive to turn off the MOSFET as quickly as possible with-
out attempting to control the input capacitance discharge time
(Figure 10d). The value of THF has no effect on switching speed.

Low-side on-to-off transitions are controlled in a similar manner
by setting TLF[3:0], ILF1[3:0] and ILF2[3:0] to control GLx.
For low-side gate drives the MOSFET fully off-state is defined as
the voltage on the GLx gate drive output falling to a value within
1 V(typ) of LSSx. I, should be set to achieve the required rising
slew time on the motor phase connection.

If non-zero values of I; and I, are selected a long enough value
of dead time must be set to ensure that any MOSFET turning off,
fully transitions to the off-state before the complementary MOS-
FET in the same phase is allowed to start turning on. Gate drive
control is active regardless of the set value of dead time.

Logic Control Inputs

Six logic level digital inputs, HA, LA, HB, LB, HC, LC, pro-
vide direct control for the gate drives, one for each drive. The

Hx inputs correspond to the high-side drives, and the Lx inputs
correspond to the low-side drives. All logic inputs are standard
CMOS levels referenced to the voltage of the logic I/0 regulator,
Vio. Logic inputs have a typical hysteresis of 500 mV to improve
noise performance. Each of the six gate control inputs can be
shorted to the VBB supply, up to the absolute maximum supply
voltage, without damage to the input.

The operation of the inputs is shown in Table 1: Control Logic
Table. A pull-down resistor is connected to each input to ensure a
safe state if the control becomes disconnected.

The gate drive outputs can also be controlled through the serial
interface by setting the appropriate bit in the control register. In
the control register, all bits are active high. The logical relation-
ship between the register bit setting and the gate drive outputs is
defined in Table 2.

The logic inputs are combined, using logical OR, with the corre-
sponding bits in the serial interface control register, to determine
the state of the gate drive. The logical relationship between the
combination of logic input and register bit setting and the gate
drive outputs is defined in Table 3. In most applications, either
the logic inputs or the serial control will be used. When using
only the logic inputs to control the bridge, the serial register
should be left in the reset condition with all control bits set to 0.
When using only the serial interface to control the bridge, the
inputs should be connected to GND. The internal pull-down resis-
tors on these inputs then ensure that they go to the inactive state
should they become disconnected from the control signal level.

Internal lockout logic ensures that the high-side gate drive output
and low-side gate drive output on the same phase cannot be
active (high) simultaneously If the control inputs request both the
high-side and the low-side gate drives to be active at the same
time, then both high-side and low-side gate drives are switched
into the inactive (low) state.

Output Enable / Disable

The ENABLE and POK inputs are connected directly to the gate
drive output command signal, bypassing the main synchronous
logic block on the chip (including all phase control logic) to force
all gate drive outputs low. These inputs can be used to provide

a fast output disable (emergency cut-off) or to provide non-syn-
chronous fast decay PWM.

POK provides logic level only control. When POK is low, the
gate drive outputs will be low regardless of the state of ENABLE.

ENABLE provides a logic level or a timed (watchdog) control.
When in logic level mode a logic low on the ENABLE input will
force the gate drive outputs low regardless of the state of POK.
ENABLE watchdog mode is enabled by setting the EWD bit

to 1. In this mode, the signal is routed through the synchronous
logic block on the chip before connecting to the gate drive output
command signal. If POK is high, the first change of state on the
ENABLE input will activate the gate drive outputs under command
from the corresponding phase control signals and a watchdog timer
is started. The ENABLE input must then change state before the
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end of the ENABLE timeout period, tgrq. If the ENABLE input
does not change before the end of the timeout period and FEWD =
1, then all gate drive outputs will be driven low, the ETO bit will be
set in Verify Result 0 register, and the WD bit will be set in the Sta-
tus register. If POK remains high, any following change of state on
the ENABLE input will re-activate the gate drive outputs and reset
the fault. If FEWD = 0, then the outputs are not affected. The ETO
bit remains in the Verify Result 0 register and the WD bit remains
set in the Status register until reset.

Sleep Mode

RESETn is an active-low input that commands the AMT49107 to
enter sleep mode, in which the part is inactive and current con-
sumption from the VBB supply is reduced to a low level as defined
by the Igpg quiescent current limit. The gate drive outputs are
disabled and quiescent current consumption begins to decay toward
Igpg within a Reset Shutdown Time, trgp, of RESETn going low.

In the sleep state, latched faults are cleared and the Diagnostic
and Status registers are reset to zero. When the part wakes from
sleep, the FF and POR bits are set to indicate that the part has
been re-initialized. The VRU, VCPU, and VR bits may also be
set, as the voltage on the VREG and VCP terminals rise relatively
slowly and may not have exceeded their associated undervoltage
thresholds prior to the fault detection mechanisms within the part
becoming active. Vigg and Vp will rise to their respective regu-
lation levels within a Wake From Sleep period, tgy, with Crgg as
defined in the Electrical Characteristics table (22 pF).

When coming out of the sleep state, all registers are reset to

the default values held in the non-volatile memory and the
AMT49107 follows the same procedure as for a full power-on
reset. The charge pump output monitor ensures that the gate drive
outputs are off until the charge pump reaches its correct operating
condition. The charge pump will stabilize in approximately 3 ms
under nominal conditions.

Pulsing RESETn low for a duration equal to the reset pulse width,
trsT, Clears any faults, sets the general fault flag on DIAG high, and
re-enables any gate drives that have been disabled as a result of fault
conditions (Table 6) without entering sleep mode. All device registers
retain their values during and after RESETn pulses of duration tgq:

To allow the AMT49107 to start up without the need for an exter-
nal logic input, the RESETn terminal can be pulled to VBB with
an external pull-up resistor.

Logic Outputs

A combined current of up to 15 mA can be drawn out of the SxLL and
SDO logic outputs. Any one of the SxL. and SDO outputs can be shorted
to ground without interfering with signal integrity on the others.

Diagnostic Monitors

Multiple diagnostic features provide three levels of fault monitoring.
These include critical protection for the AMT49107, monitors for
operational voltages and states, and detection of power bridge and
load fault conditions. All diagnostics, except for POR, serial transfer
error, EEPROM fault and overtemperature can be masked by setting
the appropriate bits in the configuration or mask registers.

Except for the three phase state monitors, the fault status is avail-
able from two sources: the DIAG output terminal, and the Diagnos-
tic and Status registers accessed through the serial interface.

Table 5: Diagnostic Functions

ZALLEGRO

Name Diagnostic Level
POR Internal logic supply undervoltage causing power-on reset Chip
oT Chip junction overtemperature Chip
SE Serial transmission error Chip
EE EEPROM error Chip
T™W High chip junction temperature warning Monitor
VSO VBB supply overvoltage (load dump detection) Monitor
VSU VBB supply undervoltage Monitor
VLO Logic terminal overvoltage Monitor
ETO ENABLE watchdog timeout Monitor
QTO Q&A watchdog timeout Monitor
QAE Q&A watchdog answer error Monitor
VRO VREG output overvoltage Monitor
VRU VREG output undervoltage Monitor
VCPU | VCP undervoltage Monitor
VLU VIO undervoltage Monitor
AHU A high-side VGS undervoltage Monitor
ALU A low-side VGS undervoltage Monitor
BHU B high-side VGS undervoltage Monitor
BLU B Low-side VGS undervoltage Monitor
CHU C high-side VGS undervoltage Monitor
CLU C Low-side VGS undervoltage Monitor
VBR VBRG undervoltage Monitor
LAD LSSA disconnect Monitor
LBD LSSB disconnect Monitor
LCD LSSC disconnect Monitor
oL Open load Bridge
VA Bootstrap undervoltage phase A Bridge
VB Bootstrap undervoltage phase B Bridge
VC Bootstrap undervoltage phase C Bridge
AHO Phase A high-side VDS overvoltage Bridge
ALO Phase A low-side VDS overvoltage Bridge
BHO Phase B high-side VDS overvoltage Bridge
BLO Phase B low-side VDS overvoltage Bridge
CHO Phase C high-side VDS overvoltage Bridge
CLO Phase C low-side VDS overvoltage Bridge
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DIAG Diagnostic Output

The DIAG terminal is a single diagnostic output signal that can
be programmed by setting the contents of the DG[1:0] variable
through the serial interface to provide one of four dedicated diag-
nostic signals:

DG = 0 — a general fault flag
DG =1 —a pulsed fault flag

DG =2 — a voltage representing the temperature of the inter-
nal silicon

DG = 3 — a clock signal derived from the internal chip clock

DIAG: No Fault

| 0.8trp
* "o [

|
0.2tFp <_>:
DIAG: Fault ]

Figure 11: DIAG - Pulsed Output Mode

At power-up, or after a power-on-reset, the DIAG terminal
outputs a general logic-level fault flag which will be active-low
if a fault is present. This fault flag remains low while the fault is
present or if one of the latched faults has been detected and the
outputs disabled. When the general fault flag is reset, the DIAG
output will be high.

The pulsed fault output option provides a continuous, low
frequency, low-duty cycle pulsed output when a fault is present
or if one of the latched faults has been detected and the outputs
disabled. When the general fault flag is reset and no fault is pres-
ent, the signal output on the DIAG terminal is a continuous low
frequency, high-duty cycle pulse train. The period of the DIAG
signal in pulsed mode is defined by tgp and is typically 100 ms.
The two duty cycles are defined by Dgp and are typically 20%
when a fault is present and 80% when no fault is present.

The temperature output option provides access to the internal
voltage representing the surface temperature of the silicon. Tem-
perature may be approximated from this voltage as:

;= (Vpuuc— Vo) /Ao

where T is the approximate silicon temperature in °C, Vpiag is
the analog voltage on the DIAG terminal in mV, and V;p and
Aqp are the typical range and slope values presented in the Elec-
trical Characteristics table.

The clock output option provides a logic-level square wave
output at a ratio of the internal clock frequency to allow more
precise calibration of the timing settings if required.

All digital outputs available on DIAG (DG set to 0, 1, or 3) are
open drain. On-state drive capability and off-state leakage current
limits are defined in the Electrical Characteristics table by the
VoL and Igp; parameters respectively and may be used to calcu-
late a suitable pull-up resistance. In most applications, a resistor
in the range 10 to 20 kQ is acceptable.

Diagnostic Registers

The serial interface allows detailed diagnostic information to be
read from the diagnostic registers on the SDO output terminal at
any time.

A system status register provides a summary of all faults in a
single read transaction. The status register is always output on
SDO when any register is written.

The first bit (bit 15) of the status register contains a fault flag, FF,
which will be high if any of the fault bits in the Status register
have been set. This allows fault condition to be detected using
the serial interface by simply taking STRn low. As soon as STRn
goes low, the first bit in the status register can be read on SDO to
determine if a fault has been detected at any time since the last
fault register reset. In all cases, the fault bits in the diagnostic
registers are latched and only cleared after a diagnostic register
reset when DSR = 0.

Note that FF (bit 15) does not provide the same function as the
general fault flag output on the DIAG terminal when STRn is
high and the DIAG output is in its default mode. The fault output
on the DIAG terminal provides an indication that either a fault is
present or the outputs have been disabled due to a latched fault
state. FF provides an indication that a fault has occurred since the
last fault reset and one or more fault bits have been set.

Chip-Level Protection

Chip-wide parameters critical for correct operation of the
AMT49107 are monitored. These include maximum chip temper-
ature, minimum internal logic supply voltage, and serial interface
transmission. These three monitors are necessary to ensure that
the AMT49107 can respond as specified.

Chip Fault State: Internal Logic Undervoltage (POR)

The AMT49107 has an independent integrated logic regula-
tor to supply the internal logic. This is to ensure that external
events, other than loss of supply, do not prevent the AMT49107
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from operating correctly. The internal logic supply regulator will
continue to operate with a low supply voltage, for example, if the
main supply voltage drops to a very low value during a severe
cold crank event. In extreme low supply voltage circumstances,
or during power-up or power-down, an undervoltage detector
ensures that the AMT49107 operates correctly. The logic supply
undervoltage lockout cannot be masked as it is essential to guar-
antee correct operation over the full supply range.

When power is first applied to the AMT49107, the internal logic
is prevented from operating, and all gate drive outputs held in
the off-state until the internal regulator voltage, Vpp, exceeds the
logic supply undervoltage lockout rising (turn-on) threshold. This
threshold is derived from the sum of the VBB POR threshold,
Vggr, and the VBB POR Hysteresis, Vgggyys. At this point, all
serial control registers will be reset to their power-on state and all
fault states. The FF bit and the POR bit in the Status register will
be set to one to indicate that a power-on reset has taken place.
The AMT49107 then goes into its fully operational state and
begins operating as specified.

Once the AMT49107 is operational, the internal logic supply
continues to be monitored. During the operational state, if Vpp
drops below logic supply undervoltage lockout falling (turn-off)
threshold, derived from Vggg, then the logical function of the
AMT49107 cannot be guaranteed and the outputs will be imme-
diately disabled. The AMT49107 will enter a power-down state
and all internal activity, other than the logic regulator voltage
monitor, will be suspended. If the logic supply undervoltage is
a transient event, then the AMT49107 will follow the power-up
sequence above as the voltage rises.

Chip Fault State: Overtemperature

If the chip temperature rises above the overtemperature threshold,
T,p, the overtemperature bit, OT, will be set in the Status register,
the general fault flag will be set, and if FOT = 1, all gate drive
outputs will be disabled. When the temperature drops below T
by more than the hysteresis value, Tjpyy, the fault will be reset
and the gate drive outputs will be enabled, but the overtempera-
ture bit remains in the Status register until reset. If FOT = 0, fault
reporting will be the same, but the gate drive outputs are not
disabled and action must be taken by the user to limit the power
dissipation in some way to prevent overtemperature damage to
the chip and unpredictable device operation. When the tempera-
ture drops below Ty by more than the hysteresis value, Typy s,
the general fault flag will be reset but the overtemperature bit
remains in the Status register until reset.

Chip Fault State: Serial Error

The data transfer into the AMT49107 through the serial interface
is monitored for two fault conditions: transfer length and parity.
A transfer length fault is detected if there are more than 16 rising
edges on SCK or if STRn goes high and there have been fewer
than 16 rising edges on SCK. A parity fault is detected if the total
number of logic 1 states in the 16-bit transfer is an even number.
In both cases, the write will be cancelled without writing data to
the registers. In addition, the status register will not be reset, and
the FF bit and SE bit will be set to indicate a data transfer error.
If the transfer is a diagnostic or verification result read, then the
addressed register will not be reset.

If a serial error is detected and FSE = 1, then all gate drive out-
puts will be driven low (disabled). If FSE = 0, no further action
will be taken.

Chip Fault State: EEPROM

Configuration and calibration information is stored within inter-
nal EEPROM and loaded into working registers to configure the
device at power-up. As part of this process, a data integrity check
is carried out. If the check returns a single-bit error, automatic
error correction is applied and the part starts up. If the check
returns a multiple bit error, all gate drives are disabled, the gen-
eral fault flag is set low, and the EEPROM error bit, EE, is set in
the Status register. The logic I/O regulator voltage will be set to
3.3 V even if an NVM write operation has previously been used
to set the default value of VLM to 1. EEPROM faults can only be
cleared by a power-on reset (POR).

Operational Monitors

Parameters related to the safe operation of the AMT49107 in

a system are monitored. These include parameters associated
with external active and passive components, power supplies,
and interaction with external controllers. In addition, the Q&A
watchdog timer is available to verify continued operation of the
external controller.

Voltages relating to driving the external power MOSFETs are
monitored, specifically Vrgg, Vyep, €ach bootstrap capacitor
voltage, and the Vg of each gate drive output. The main sup-
ply voltage, Vg, is monitored for overvoltage and undervoltage
events.

The battery-compliant logic inputs are capable of being shorted to
the main supply voltage without damage, but any high voltage on
these terminals (excluding POK and RESETn) will be detected.
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Monitor: VREG Undervoltage and Overvoltage

The internal VREG charge-pump regulator supplies the low-side
gate driver and the bootstrap charge current. It is critical to ensure
that the regulated voltage, Vygg, at the VREG terminal is suf-
ficiently high before enabling any of the gate drive outputs.

If Vi goes below the corresponding undervoltage threshold,
Vworr the VREG undervoltage bit, VRU, in the Diagnostic 1
register and the associated VR bit in the Status register will be set
to 1. The general fault flag on the DIAG terminal will go low.

If a VREG undervoltage state is present and FVRU = 1, all gate
drive outputs go low. When VREG rises above the rising threshold,
Vzons the fault is cleared, and if FVRU = 1, the gate drive outputs
are re-enabled. The fault bit remains in the Diagnostic register until
cleared. If FVRU = 0, fault reporting will be the same, but the gate
drive outputs are not disabled, and appropriate action must be taken
by the external controller to avoid potential misoperation or dam-
age to the AMT49107 and/or bridge MOSFETSs.

The VREG undervoltage monitor circuit is active during power up. If
FVRU =1, all gate drives will be low until Vg is greater than Vi
IfFVRU =0, the gate drive outputs will be active as soon as there is
sufficient voltage on VREG to activate the gate drive outputs.

Note that this is sufficient to turn on standard threshold external
power MOSFETs at a battery voltage as low as 4.5 V, but the
on-resistance of the MOSFET may be higher than its specified
maximum.

The VREG undervoltage monitor can be disabled by setting the
VRU bit in the Mask 1 register. Although not recommended, set-
ting VRU to 1 or setting FVRU to 0 can allow the AMT49107 to
operate below its minimum specified supply voltage level with a
severely impaired gate drive. The specified electrical parameters
will not be valid in this condition.

The output of the VREG regulator is also monitored to detect any
overvoltage applied to the VREG terminal.

If Vygg goes above the corresponding overvoltage threshold,
Vzows the VREG overvoltage bit VRO in the Diagnostic 1 reg-
ister and the associated VR bit in the Status register will be set

to 1. The general fault flag on the DIAG terminal will go low. If
FVRO = 1, all gate drive outputs go low, the motor drive is dis-
abled, and the motor coasts. If FVRO = 0, no action is taken, and
the gate drive outputs are protected from overvoltage by indepen-
dent Zener clamps. When Vygg falls below Vi oy by more than
the hysteresis voltage, Vrgyys, the fault is cleared but the VRO
bit remains in the Diagnostic 1 register until reset. If the outputs
have been disabled, because FVRO = 1 they are re-enabled.

Monitor: VCP Undervoltage

The external voltage on the VCP terminal with respect to VBRG,
identified as Vp, is monitored.

When Vp goes below the VCP undervoltage threshold, Vpyys
then the VCP undervoltage bit, VCPU, is set in the Diagnostic 0
register. The DIAG terminal immediately indicates a fault when
the VCP undervoltage is detected and will stop indicating a fault
as soon as the voltage rises above Vepyy + Vepyynys: The VCPU
bit will remain until cleared.

In addition, if FCPU = 1, the gate outputs will be disabled when
the fault is detected. If FCPU = 0, then AMT49107 will not take
any action except setting VCPU and indicating the fault on the
DIAG terminal.

Monitor: Temperature Warning

If the chip temperature rises above the temperature warning
threshold, Ty, the hot warning bit, TW, will be set in the Status
register, and if FTW = 1, all gate drives will be low. If FTW =0,
gate drives will remain active. When the temperature drops below
Tjw by more than the hysteresis value, Tyyyyys, the fault is reset
and if FTW = 1, the outputs are re-enabled. The TW bit remains
in the Status register until reset.

Monitor: VBB Supply Overvoltage and Undervoltage

The analog supply to the AMT49107 on the VBB terminal, Vg,
is monitored to indicate if the supply voltage has exceeded its
normal operating range (for example, during a load dump event).
If Vg rises above the VBB overvoltage warning threshold,
Vggoyws then the VSO bit will be set in the Diagnostic 2 register,
the VS bit (which indicates the logical OR of VSO and VSU)
will be set in the Status register, and if FVSO = 1, all gate drive
outputs will be driven low (disabled). When Vg drops below the
falling VBB overvoltage warning threshold, Vggoy — Vgovhys»
the fault will be cleared and the gate drive outputs will be re
enabled, but the VSO and VS bits will remain set until the
Diagnostic 2 register is read with DSR = 0. If FVSO = 0, fault
reporting will be the same, but the gate drive outputs will not be
disabled.

If Vp falls below the VBB undervoltage warning threshold,
Vggpuws the VSU bit will be set in the Diagnostic 2 register, the
VS bit (which indicates the logical OR of VSO and VSU) will be
set in the Status register, and if FVSU = 1, all gate drive outputs
will be driven low (disabled). When Vg rises above the rising
VBB undervoltage threshold, Vggyy *+ Vgguyrys: the fault will
be cleared and the gate drive outputs will be re-enabled, but the
VSU and VS bits will remain set until the Diagnostic 2 register is
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read with DSR = 0. If FVSU = 0, fault reporting will be the same,
but the gate drive outputs will not be disabled.

Monitor: VIO Undervoltage

The logic 1/0 voltage, V|, is monitored to ensure that the logic
interface voltage is high enough to permit correct operation of
the logic input buffers. If V| drops below the falling undervolt-
age threshold, V oorp the regulator undervoltage bit, VLU, will
be set in the status register and the general fault flag will be set
low. In addition, if FVLU = 1, all gate drive outputs will go low.
When Vg rises above the rising threshold, Viooy, the gate drive
outputs will revert to the commanded state and the general fault
flag will be reset. The VLU fault bit remains in the status register
until cleared. If FVLU = 0, fault reporting will be the same but
the gate drive outputs will not be disabled.

Monitor: VGS Undervoltage

To ensure that the gate drive output is operating correctly, each
gate drive output voltage is independently monitored, when
active, to ensure the gate-source drive voltage, Vg, is sufficient
to fully enhance the power MOSFET in the external bridge.

If the V5q on any active gate drive output is lower than the corre-
sponding undervoltage warning threshold, V gy for the high-
side and Vg v for the low-side, the relevant VGS undervoltage
bit, AHU, ALU, BHU, BLU, CHU, or CLU, in the Diagnostic 0
register and the associated GSU bit in the Status register, will be
set to 1. The general fault flag on the DIAG terminal will go low.

If FGSU = 1, all gate drive outputs will be inactive (low). The
gate drive outputs will remain inactive (low) until the fault state
and the general fault flag are reset by a serial read of the Diag-
nostic 0 register when DSR = 0, or by a power-on reset. The gate
drive undervoltage bits, AHU, ALU, BHU, BLU, CHU, or CLU
will be reset by a serial read of the Diagnostic 0 register when
DSR =0, or by a power-on reset. Clearing the gate drive under-
voltage bits in the Diagnostic 0 register, also clears the GSU bit
in the Status register. If FGSU = 0, fault reporting will be the
same, but the gate drive outputs will not be disabled.

For high-side VGS comparators, the V gy thresholds are set

1 V(typ) below the voltage on the corresponding CX terminal,
and for low-side gate comparators, the Vg v thresholds are set
1 V(typ) below Vipgg-

The output from each VGS undervoltage comparator is filtered
by a VGS fault qualifier circuit. This circuit uses a timer to verify
that the output from the comparator is indicating a valid VGS
fault. The duration of the VGS fault qualifying timer, typ, is
determined by the contents of the TVD[5:0] variable. typ, is

approximately defined as:
tVDQ =n x 100 ns
where n is a positive integer defined by TVD[5:0].

The qualifier can operate in one of two ways: debounce mode or
blanking mode, selected by the VDQ bit.

In debounce mode (the default setting), a timer is started each time
the comparator output indicates a VGS fault detection when the
corresponding MOSFET is active. This timer is reset when the
comparator changes back to indicate Vg is within 1 V of the volt-
age on the Cx terminal (high-side gate drives) or Vg (low-side
gate drives). If the debounce timer reaches the end of the timeout
period, set by typq, then the VGS fault is considered valid and the
AMT49107 follows the fault action described above.

In blanking mode (optional), a timer is started when any gate drive
is turned on or turned off. The outputs from the VGS undervolt-
age comparators for all MOSFETSs are ignored (blanked) for the
duration of the timer’s active period, set by typ. If any gate drive
changes state while a blanking period is in progress, the timer is
re-triggered, resulting in an extended overall blanking time. If

any comparator output indicates a VGS fault and the blanking
timer is not active, then the VGS fault is considered valid and the
AMT49107 follows the fault action described above.

The VDQ and TVD[5:0] qualifier parameters apply to both the
VGS undervoltage and VDS overvoltage monitors.

Monitor: VBRG Undervoltage

If the voltage on the VBRG terminal falls below the VBRG
undervoltage threshold, Vgryy, the VBR bit will be set in the
Diagnostic 1 register and the VS bit (which indicates the logi-
cal OR of the VSO, VSU, and VBRG bits) will be set in the
Status register. If FBRG = 1, the general fault flag will be set
and all gate drive outputs will be driven low (disabled). When
VBRG moves above the rising VBRG undervoltage thresh-
old Vggry * Verunys» the general fault flag will be cleared and
the gate drive outputs will be re-enabled, but the VSU and VS
bits will remain set until the Diagnostic 1 register is read. If
FBRG = 0, fault reporting will be the same, but the gate drive
outputs will not be disabled.

If the VBRG terminal is open-circuited (for example, becomes
disconnected from the top end of the MOSFET bridge), internal
current sink, Iygrg, Will pull the terminal voltage toward ground
and trip a VBRG undervoltage fault.

The VTBJ[1:0] bits may be used to set the VBRG undervoltage
threshold to one of four different values between 6 and 9 V.
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Monitor: LSS Disconnect

Each LSS terminal includes a continuous current source, I; j,
biased from Vg, that will pull the LSS terminal up if there is no
low impedance path from LSS to ground.

If FLSS = 1 and the voltage with respect to ground at any LSS
terminal rises above the LSS disconnect threshold, V| gp, then
the general fault flag will become active and the relevant LxD bit
will be set in the Verify Result 0 register. Additionally, the corre-
sponding low-side VDS fault bit, xLO, will be set in the Diagnos-
tic 1 register, the DSO bit will be set in the Status register and all
gate drive outputs will be disabled. When the voltage on the LSS
terminal falls below the falling LSS disconnect threshold voltage,
Visp — Visphys> 10 action is taken. If the Verify Result 0 register
is subsequently read, the LxD bit is cleared. The xLO and DSO
bits and the general fault flag may then be cleared by reading the
Diagnostic 1 register. If the Diagnostic 1 register is read before
the Verify Result 0 register, the xLO and DSO bits are cleared
and then immediately set again.

If FLSS = 0 and the voltage with respect to ground at any LSS
terminal rises above the LSS disconnect threshold, V| gp, then the
relevant LxD bit will be set in the Verify Result 0 register. The
general fault flag and VDS fault bits will not be set. When the
voltage at the LSS terminal falls below the falling LSS disconnect
threshold voltage, Vi gp — Vi spys» 1O action is taken. If the Verify
Result 0 register is subsequently read, the LxD bit is cleared.

Monitor: Logic Terminal Overvoltage

Ten of the logic terminals are capable of being shorted to the
main supply voltage, up to 50 V, without damage; these are HA,
LA, HB, LB, HC, LC, ENABLE, POK, RESETn, and DIAG.

If the voltage on the HA, LA, HB, LB, HC, LC, or ENABLE
terminal exceeds the logic input overvoltage warning threshold,

Vi ow then the general fault flag is set to active, the VLO bit is set
in the Status register, and if FVLO = 1, all gate drive outputs are
disabled. When the voltage on all terminals falls below the logic
input overvoltage warning threshold, V| gy, the general fault flag is
reset, and the outputs are re-activated. The VLO bit remains in the
Status register until reset. If FVLO = 0, fault reporting will be the
same, but the gate drive outputs will not be disabled.

If the voltage on the RESETn or POK terminals exceeds the
overvoltage warning threshold, Vi gy, then the general fault flag
remains inactive, the VLO bit is not set in the Status register, and
all gate drive outputs remain enabled. This allows these terminals
to be permanently tied to VBB if required.

If the voltage on the DIAG terminal exceeds the overvoltage

warning threshold, V| oy, then the general fault flag remains
inactive but the VLO bit is set in the Status register. All gate drive
outputs remain enabled. Maintaining the general fault flag in the
inactive state avoids the voltage contention that would otherwise
arise on the DIAG pin (the high fault voltage working against the
DIAG output attempting to drive to logic low).

Monitor: ENABLE Watchdog Timeout

The ENABLE input provides a direct connection to all gate drive
outputs and can be used as a safety override to immediately dis-
able the outputs. The ENABLE input is programmed to operate
as a direct logic control by default but can be monitored by a
watchdog timer by setting the EWD bit to 1. In the direct mode,
the input is not monitored other than for input overvoltage as
described in the Logic Terminal Overvoltage section above and
will always directly disable the gate drive outputs when low.

In watchdog mode, the first change of state on the ENABLE
input will activate the gate drive outputs under command from
the corresponding phase control signals and a watchdog timer is
started. The ENABLE input must then change state before the
end of the ENABLE timeout period, tgrq.

If the ENABLE input does not change before the end of the
timeout period, then the ETO bit will be set in the Verify Result
0 register, the WD bit will be set in the Status register, and if
FEWD = 1, all gate drive outputs will be driven low. Any fol-
lowing change of state on the ENABLE input will re-activate the
gate drive outputs and reset the fault. The ETO bit remains set in
the Verify Result 0 register and WD bit remains set in the Status
register until reset. If FEWD = 0, fault reporting will be the same
but the gate drive outputs will not be disabled.

Monitor: Q&A Watchdog Timeout

A Q&A watchdog using the serial interface is available to provide
a monitor function for the external controller activity.

There are three modes of operation: Bridge Disable, Q&A Watch-
dog active, and Q&A Watchdog inactive. When the mode is set
to Bridge Disable, the gate drive outputs are permanently driven
low and do not respond to any commands to switch high. When
the mode is set to Q&A Watchdog inactive, the gate drive outputs
are active and respond to gate drive commands. In this mode, the
Q&A Watchdog is not operating and does not cause any faults.

Following a power-on-reset, the AMT49107 is held in the Bridge
Disable mode. The gate drive outputs are held low to avoid

incorrect driving of any load attached to the bridge. To enable the
bridge, the watchdog mode must be set to Q& A Watchdog active
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or Q&A Watchdog inactive. When set to Q&A Watchdog inactive
mode, no further action is required to fully enable and command
the gate drive outputs.

The Q&A Watchdog mode is changed by entering a sequence of
three words into the WDM]7:0] variable in serial register 17 as
described below. The present mode state can be determined by
reading WDM.

Q&A Watchdog Active Mode

To enter Q&A Watchdog active mode, an uninterrupted sequence
of three specific words must be written to WDM through the
serial interface. The three words to change the mode are identi-
fied as SEQO (=0xA2), SEQ1 (=0x78) and SEQ2 (=0x98) in the
Serial Register Reference section under Register 17.

To enter Q&A Watchdog active mode, SEQO, SEQ1, and SEQ?2
must be written in that sequence to register 17. When the last
word is transferred, the Q&A watchdog timer is immediately
active. If the three-word sequence is incorrect or interrupted by
another serial communication frame, then the mode change com-
mand is ignored. The full mode change command sequence needs
to be resent from the start. The presently configured watchdog
mode can be determined by reading WDM. If the Q&A Watchdog
active mode is the presently configured mode, the value in WDM
will be 0x55. The read value of WDM for each mode is described
in Serial Register Reference Section under register 17.

The Q&A sequence starts with the external controller reading

a Q&A look-up table (LUT) address, QA[7:0] from the Q&A
Watchdog register, register 16. The LUT address is generated by
the AMT49107. The controller must use this address to select the
required response. This response must then be written back to the
Q&A Watchdog register within a defined time window to pass
the Q&A watchdog check. This sequence then continues until
the AMT49107 is powered down, put to sleep, a watchdog fault
occurs, or the microcontroller sets the Q& A watchdog mode to
Bridge Disable or Q&A Watchdog inactive. The external control-
ler can change the Q&A watchdog mode at any time.

The Q&A watchdog becomes active on the rising edge of the
STRn input following a correct Q& A watchdog enable sequence
written to WDM. On this rising edge, the Q&A watchdog mini-
mum and maximum timers are started and the LUT address is
available by reading QA from register 16.

Once the Q&A watchdog timer is started, the external control-
ler must first read the LUT address in QA from register 16, then
wait until the end of the minimum timeout before writing the
correct response back to QA. Writing the correct response must

AMT49107
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Figure 12: Q& A Communication Sequence

also be completed before the end of the maximum timeout. This
sequence is shown in Figure 12.

The minimum and maximum timeouts, toyy and topa respec-
tively, are defined by the value in QAT[3:0] in register 13.
Sixteen min/max timeout pairs are available from 0.1 ms /0.2 ms
to 20 ms / 40 ms. The maximum timeout is twice the minimum
timeout.

Once the AMT49107 receives an answer from the external
controller, the watchdog timers are restarted. If a response is
not received before the end of the maximum timeout period, the
watchdog timers are restarted at the end of that timeout.

The external controller can write to and read from all regis-

ters during Q& A watchdog active mode, with the exception of
WDC[1:0] and QAT[3:0] in Register 13. The desired values of
the Watchdog counter and timings must be set prior to entering
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Q&A watchdog active mode. Any commands to change these
parameters will be ignored while in Q&A watchdog active mode.
Adjusting the watchdog counter and timings is only possible in
Q&A watchdog inactive or Bridge disable mode.

Every time a Q&A watchdog answer is received, the new

Q&A watchdog LUT address is available to read from QA

in register 16. Once the external controller reaches the last

LUT address, the next available address will be the first in the
sequence. The full look up table addresses along with the appro-
priate answers can be found in Serial Register Reference Section
under Register 16.

If an incorrect response is written to QA, or a correct response

is written to QA before the end of the minimum time or after the
end of the maximum time, then the Q&A watchdog sequence
will fail. A watchdog counter is provided to permit a number of
Q&A watchdog sequence failures before reporting any fault or
taking any action. Each time a Q&A watchdog sequence failure
is detected, the watchdog counter is incremented. Each time a
successful Q&A watchdog sequence takes place, the counter is
decremented. This continues until the count exceeds the thresh-
old set by the value in WDCJ1:0] in register 13. If an incorrect
answer is sent outside the permitted time window, the AMT49107
will recognise this as two separate failure events and the counter
will be incremented by two. If a Q&A watchdog sequence failure
is detected and the count is less than the threshold, then the
watchdog timer is reset, and the watchdog sequence continues. If
the watchdog failure count is greater than WDC, then a watchdog
failure will be reported, and appropriate action will be taken.

When a Q&A watchdog fault is reported, the watchdog timers are
stopped until the fault is cleared. After that, the timers will reset
immediately.

The AMT49107 will report a Q&A watchdog failure by set-

ting one or both Q&A watchdog fault bits, QTO and QAE. The
AMT49107 will report all faults that have occurred, not just the
one that caused the counter to exceed the value set by WDCJ[1:0].
QTO indicates that a Q&A watchdog timeout has occurred and
will be set when the Q&A response is received too early or too
late. QAE indicates that an incorrect Q&A watchdog response
has been received. Q&A watchdog faults will not be reported
until the watchdog failure count is greater than WDC. If QTO

or QAE is set, then the WD bit in the Status register will also be
set and the DIAG terminal will indicate a fault. The QTO and
QAE fault bits will remain set until cleared by reading the Verify
Result 0 register. The WD bit will only be cleared when both
QTO and QAE are cleared. The DIAG terminal will indicate a
fault until WD is cleared.

The action taken when a Q&A watchdog failure is detected is
determined by the FWD bit. When FWD is set to 1, the gate
outputs will be driven low when the fault is detected. The outputs
will become active when the fault is cleared. When FWD is set to
0, the gate outputs will remain active, the fault is still reported in
the fault bits and on the DIAG terminal, but no action is taken.
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Power Bridge and Load Faults

Bridge: Open-Load Detect

An off-state open-load fault detection method is provided (oft-
state defined as all MOSFETs switched off). In this condition, the
load connections are high impedance and can be used to detect
the presence or otherwise of a load.

Off-State Open-Load Detection

Prior to initiating an off-state open-load test, the bootstrap
charge pump must be turned off by setting the charge pump
mode variable, CPM[1:0], to 3 and all gate drive outputs must be
commanded off. Open-load detection is then initiated by setting
YPS = 3. While YPS =3, a current sink, Igp, is applied to the SB
terminal and a current source, lgyj, is applied to the SA and SC
terminals.

Igp is typically 2.5 mA which is low enough to allow the
AMT49107 to survive a short to VBB on the SB terminal during
the off-state without damage, and high enough to discharge any
output capacitance in an acceptable time.

The value of Iy, is selected by the YSC bit. When YSC =0, Ig; =
—-90 nA; when YSC = 1, Igy =410 pA.

Off-state open-load detection relies on there being no residual
current in the load or the bridge and no large capacitors connected
to the load or the bridge phase connections. If either of these are
not the case, then sufficient time must elapse before the state of
the load connection is correctly indicated. This timeout is not
provided by the AMT49107 and must be managed by the external
controller.

Once any residual energy has dissipated, the sink current, Igp,
pulls the SB terminal to ground. The source current, Ig(;, applies
a test current to the load. As the sink current is much larger than
the source current, the current through the load will be the source
current. The voltage at the SB terminal, Vg, should be close to
zero and the voltages at the SA and SC terminals, Vg, and Vg,
will allow the load resistance to be measured. Vg, and Vg are
compared to the low-side VDS threshold, Vpgry. If Vg or Vg
is greater than Vpgrp, then the open load fault bit, OL, will be
set in the Diagnostic 2 register. If there are external capacitors
connected to the bridge phase nodes or there is residual current in
the load then it may take some time for these nodes to discharge
to the final value and OL may indicate a fault during this time.
On reaching the final steady-state value, if Vg, and Vg are both
less than Vg, then OL will be 0 and a load is assumed to be
present.

To allow the external controller to read the present state of the
open-load test result, OL is not latched. The point at which the
open-load result is read is therefore controlled by the external

controller and should be determined by characterization of the
system settling time during the open-load test.

The threshold for load resistance is determined by the current
source, Igyy, and the low-side VDS threshold, Vpgy -

For example, if Vg is 1.2 V and Ig; = —410 pA, the equivalent
threshold resistance is approximately 3 k€, so any load resistance
greater than this value is detected as an open-load.

On completion of the open-load test, the variables YSC, YPS, and
CPM should all be set to 0 to resume normal operation.

Motor Winding Considerations

If driving a star-connected motor, the on-state and off-state
methods described above allow the detection of open-load faults
in the bridge-to-motor interconnects and within the motor itself.
If driving a delta-connected motor, only faults in the bridge-to-
motor interconnects may be detected as motor inter-terminal
impedance will remain relatively low in the event of a single-
point failure internal to the motor (this type of motor having two
internal current paths between each terminal).

Bridge: Bootstrap Capacitor Undervoltage Fault

The AMT49107 monitors the individual bootstrap capacitor
charge voltages to ensure enough high-side drive. If the voltage
on a bootstrap capacitor drops below the bootstrap undervolt-
age falling threshold, Vgcyys a bootstrap undervoltage fault is
flagged.

If FVBU = 1, the general fault flag will be active and all gate
drive outputs will be disabled (low). The associated boot-

strap undervoltage fault bit (VA, VB, VC) will be set in the
Diagnostic 2 register as will the BSU bit in the Status register.
When the voltage on the bootstrap capacitor rises above the rising
bootstrap undervoltage threshold, Vgcyy + Vpcyvys, the gen-
eral fault flag will be cleared, and all gate drive outputs will be
re-enabled. The associated bootstrap undervoltage fault bit (VA,
VB, VC) and the BSU bit will remain set until the Diagnostic 2
register is read with DSR = 0.

If FVBU = 0, fault reporting will be the same, but the gate drive
outputs will not be disabled.

Each bootstrap undervoltage monitor is always active, regardless
of whether the associated high-side gate drive is commanded on
or off.
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The bootstrap undervoltage monitor can be disabled for all phases
by setting the BSU bit in the Mask 2 register. Although not
recommended, this can allow the AMT49107 to operate below its
minimum specified supply voltage level with a severely impaired
gate drive. The specified electrical parameters may not be valid in
this condition.

Bridge: MOSFET VDS Overvoltage Fault

Faults on any external MOSFETs are determined by monitoring the
drain-source voltage of the MOSFET and comparing it to a drain-
source overvoltage threshold. There are two thresholds, Vpgry,

for the high-side MOSFETs, and Vg, for the low-side. Vpgry
and Vpgry are generated by internal DACs and are defined by the
values in the VTH[5:0] and VTL[5:0] variables respectively. These
variables provide the input to two 6-bit DACs with a least signifi-
cant bit value of typically 50 mV. The output of the DAC produces
the threshold voltage approximately defined as:

Vst =n * 50 mV

where n is a positive integer defined by VTH[5:0], or
Vpstr =n x50 mV

where n is a positive integer defined by VTL[5:0].

The low-side drain-source voltage for any MOSFET is measured
between the adjacent Sx terminal and the adjacent LSSx termi-
nal. Using the LSSx terminal rather than the ground connection
avoids adding any low-side current sense voltage to the real low-
side drain-source voltage and avoids false VDS fault detection.

The high-side drain-source voltage for any MOSFET is mea-
sured between the adjacent Sx terminal and the VBRG terminal.
Using the VBRG terminal rather than the VBB avoids adding any
reverse diode voltage or high-side current sense voltage to the
real high-side drain-source voltage and avoids false VDS fault
detection.

The VBRG terminal is an independent sense input and should be
connected directly to the common point at the drains of the high-
side MOSFETs in the power bridge. The VBRG terminal sinks an
operating current of up to approximately 2 mA plus any supply
current required by the VCP charge pump regulator

Note that the VBRG terminal can withstand negative voltage
excursions to —5 V. This allows the terminal to remain connected
directly to the top of the power bridge during negative transients
where the body diodes of the power MOSFETs are used to clamp
the negative transient. The same applies to the more extreme case
where the MOSFET body diodes are used to clamp a reverse bat-
tery connection.

The output from each VDS overvoltage comparator is filtered by
a VDS fault qualifier circuit. This circuit uses a timer to verify
that the output from the comparator is indicating a valid VDS
fault. The duration of the VDS fault qualifying timer, typ, is
determined by the contents of the TVD[5:0] variable. typ is
approximately defined as:

typg =n * 100 ns
where n is a positive integer defined by TVD[5:0]

The qualifier can operate in one of two ways: debounce mode or
blanking mode, selected by the VDQ bit.

In debounce mode (the default setting), a timer is started each
time the comparator output indicates a VDS fault detection when
the corresponding MOSFET is active. This timer is reset when
the comparator changes back to indicate normal operation. If

the debounce timer reaches the end of the timeout period, set by
typqs, then the VDS fault is considered valid and the correspond-
ing VDS fault bit, ALO, AHO, BLO, BHO, CLO, or CHO will be
set in the Diagnostic 1 register.

In blanking mode (optional), a timer is started when any gate
drive is turned on or turned off. The outputs from the VDS over-
voltage comparators for all MOSFETs are ignored (blanked) for
the duration of the timer’s active period, set by typq. If any gate
drive changes state while a blanking period is in progress, the
timer will be re-triggered, resulting in an extended overall blank-
ing time. If any comparator output indicates a VDS fault and the
blanking timer is not active, then the VDS fault is considered
valid and the corresponding VDS fault bit, ALO, AHO, BLO,
BHO, CLO, or CHO is set in the Diagnostic 1 register.

The VDQ and TVD[5:0] qualifier parameters set in the Config 2
register apply to both the VGS undervoltage and VDS overvolt-
age monitors.

The action taken when a valid VDS fault is detected and the
action then required to clear the fault state depend upon the
FDSO bit value.

If FDSO = 0, the fault state will be latched, the general fault flag
will be active, the associated VDS fault bit will be set, and the
gate drive for the associated MOSFET will be inactive (low). The
gate drive output will remain inactive (low) until the fault state
and the general fault flag are reset the next time the MOSFET,

on which the fault was detected, is commanded to switch on. The
associated VDS fault bit remains set in the Diagnostic 1 register
until reset. If the MOSFET is being driven with a PWM signal,
then this will usually mean that the MOSFET will be turned on
again each PWM cycle. If this is the case, and the fault condition
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remains, then a valid fault will again be detected after the timeout
period and the sequence will repeat. The general fault flag will
only be reset for the duration of the validation timer. The VDS
fault bits will only be reset by a serial read of the Diagnostic 1
register with DSR = 0 or by a power-on reset.

If FDSO = 1, the fault will be latched, the general fault flag will
be active, the associated VDS fault bit will be set and all gate
drive outputs will be inactive (low). The gate drive outputs will
remain inactive (low) until the fault state and the general fault
flag are reset by a low pulse on the RESETn input, by a serial
read of the Diagnostic 1 register with DSR = 0 or by a power-on
reset. The VDS fault bit will only be reset by a serial read of the
Diagnostic | register with DSR = 0 or by a power-on reset.

If FDSO = 0, care must be taken to avoid damage to the MOS-
FET where the VDS fault is detected. Although the MOSFET
will be switched off as soon as the fault is detected at the end

of the fault validation timeout, it is possible that it could still be
damaged by excessive power dissipation and heating. To limit
any damage to the external MOSFETs or the motor, the gate drive
outputs should be fully disabled by logic inputs from the external
controller

Fault Action

The action taken when one of the diagnostic functions indicates a
fault is listed in Table 6.

When a fault is detected, a corresponding fault state is consid-
ered to exist. In some cases, the fault state only exists during the
time the fault is detected. In other cases, when the fault is only
detected for a short time, the fault state is latched (held in the
fault state) until reset. The faults that are latched are indicated
in Table 6. Latched fault states are always reset when a power-
on-reset state is present, if RESETn is pulsed low for a duration
equal to the reset pulse width, tygr, or when the associated fault
bit is read through the serial interface with DSR = 0. Any fault
bits that have been set in the diagnostic registers are only reset
when a power-on-reset state is present or when the associated
fault bit is read through the serial interface with DSR = 0.

For most of the diagnostic functions, when a fault state is
detected, the action taken can be programmed to force the gate
drive outputs into the inactive (low) state or to leave them active.
The action is selected by setting a 1 or 0 in specific stop on fault
(SoF) bit associated with the diagnostic. The specific SoF bits for
each diagnostic and the actions taken for each setting are listed in
Table 6.

Table 6: Fault Actions

Disable Outputs
Fault Description Sﬁ:mB;t SoF SoF Fi:::ﬁ:zte
Bit=0 Bit=1

No Fault - No No -

Power-on-Reset - Yes [1] Yes[1] No
VREG Undervoltage FVRU No [ Yes [1] No
VCP Undervoltage FCPU No Yes No
VIO Undervoltage FVLU No Yes [1] No
Bootstrap Undervoltage FVBU No Yes[1] No
Logic Terminal Overvoltage FVLO No Yes [114] No
ENABLE WD Timeout FEWD No Yes 1] No
WD Timeout FWD No Yes[1] No
Overtemperature FOT No 3] Yes [1] No
VBRG Undervoltage FBRG No Yes No
LSS Disconnect FLSS No Yes [9] Yes
VDS Fault FDSO Yes [2] Yes 1] Yes
Serial Transmission Error FSE No Yes 1] No
VREG Overvoltage FVRO No Yes [1] No
VBB Undervoltage FVSU No 3 Yes[1] No
VBB Overvoltage FVSO No Yes [1] No
VGS Undervoltage FGSU No 3] Yes[1] Yes
Temperature Warning FTW No Yes [1] No
Open Load - No No No
EEPROM Fault - Yes [1] Yes [1] Yes

[11All gate drives low, all MOSFETSs off.

121 Gate drive for the affected MOSFET low, only the affected MOSFET off.

131 Stated fault condition may damage the AMT49107 and/or bridge MOSFETs
unless appropriate action taken by the external controller.

[4] Outputs disabled on Hx, Lx, and ENABLE overvoltage but not on RESETn, POK,
or DIAG overvoltage.

151 Creates VDS fault.

If a Power-on-Reset state is detected, then all gate drive outputs
are driven low and all MOSFETs in the bridge are held in the off-
state. This persists until the Power-on-Reset state is cleared.

Setting any of the FVRU, FVBU, FDSO, FVSU, FOT, FLSS, or
FGSU bits in the Stop-on-Fault registers to 0 such that the gate
drive outputs are not disabled in the event of the corresponding
fault being detected means that the AMT49107 will not take any
action to protect itself or the external bridge MOSFETSs and dam-
age may occur. Appropriate action must be taken by the external
controller.
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Fault Masks

Individual diagnostics except power-on reset, EEPROM error,
serial transmission error, overtemperature, and open-load can be
disabled by setting the corresponding bit in the mask registers.
Power-on-reset cannot be disabled because the diagnostics and
the output control depend on the logic regulator for the inter-

nal logic to operate correctly. If a bit is set to one in the mask
registers, then the corresponding diagnostic will be completely
disabled. No fault states for the disabled diagnostic will be gener-
ated, no fault flags or diagnostic bits will be set, and no action
will be taken. See Mask Register definition for bit allocation.

Care must be taken when diagnostics are disabled to avoid poten-
tially damaging conditions.

Diagnostic and System Verification

To comply with various aspects of safe system design, it is neces-
sary for higher-level safety systems to verify that any diagnostics
or functions used to guarantee safe operation are operating within
specified tolerances.

There are four basic aspects to verification of diagnostic func-
tions:

* Verify connections

* Verify comparators

» Verify thresholds

* Verify fault propagation

These must be completed for each diagnostic. In addition, the
operation of system functions not directly covered by diagnostics
should also be verified.

The AMT49107 includes additional verification functions to help
the system design comply with any safety requirements. Many of
these functions can only be completed when the diagnostics are
not required and must be commanded to run by the main system
controller. These functions are referred to “off-line” verification.

A few of the functions can be continuously active but the results
must be checked by the main system controller on a regular basis.
These functions are referred to “on-line” verification.

The frequency with which these off-line verification functions are
run, or on-line verifications results are checked, will depend on
the safety requirements of the system using the AMT49107.

Table 7: Verification Functions

Verification Function Verified Operation
Type Offline | Online
Connection | Phase Connection Y
Monitor Q&A Watchdog Y
Monitor Phase State Monitor Y
Diagnostic | VBRG Connection Y
Diagnostic | LSS Connection Y
Diagnostic | Overtemperature Y
Diagnostic | Temperature Warning Y
Diagnostic | VBB Undervoltage Y
Diagnostic | VBB Overvoltage Y
Diagnostic | VREG Diagnostics Y
Diagnostic Bootstrap Capacitor Y
Diagnostic | VCP Undervoltage Y
Diagnostic | VIO Undervoltage Y
Diagnostic | VGS Undervoltage Y
Diagnostic | Logic Terminal Diagnostic Y
Diagnostic | VDS Overvoltage Diagnostic Y
Diagnostic | All Gate Drives Off Y

On-Line Verification

The following functions are permanently active and will set the
appropriate bit in the verification result registers to indicate that
the verification has failed. No other action will be taken by the
AMT49107 unless described below. These verification functions
verify that certain of the AMT49107 terminals are correctly con-
nected to the power bridge circuit.

Bridge: Phase State Monitor

The bridge phase connections at the SA, SB, and SC terminals
are connected to programmable threshold comparators. The out-
puts of the comparators set the states of SAS, SBS, and SCS bits
of the Verify Result 1 register, to provide a logic level representa-
tion of the power bridge output states (logic 1 indicating voltage
on SA, SB, SC more positive than the threshold, logic 0 more
negative). The SAS, SBS, and SCS bit states follow the bridge
output states in real time and are not latched. Additionally, the
comparator outputs are made available as discrete logic signals
on the SAL, SBL, and SCL pins (logic high indicating voltage on
SA, SB, SC more positive than the threshold).

The threshold for the three comparators, Vpr, is generated, as a
ratio of the Vgg, by a 6-bit DAC and determined by the contents
of the VPT[5:0] variable. VPT is approximately defined as:
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Vpr=(n/64) x Vgpg
where n is a positive integer defined by VPT[5:0].

Vpr can be programmed between 0 and 98.4%Vgpg-

Off-Line Verification

The following functions are only active when commanded by
setting the appropriate bit in the verification command registers
in addition to any required gate drive commands. If the function
only verifies a connection, then a fail will set the appropriate bit
in the verification result register. No other action will be taken by
the AMT49107. If the function is to verify one of the diagnostic
circuits in the AMT49107, then the verification is completed

by checking that the associated fault bit is set in the diagnostic
registers.

Bridge: Phase Disconnected

The connections from each Sx terminal to the corresponding
common node of the high-side MOSFET source and low-side
MOSFET drain are verified individually by a combination of
MOSFET commands and test currents. The connection to all
MOSFETs must be checked to fully verify the connection for
each phase.

Connection to each high-side MOSFET is tested by first turning
it on using the logic inputs or the serial interface. Other high-
side MOSFETs and all low-side MOSFETs must be turned off to
avoid corrupting the test result.

The phase to be tested is selected by the value in the verify phase
select variable, YPS: 0 for phase B, 1 for phase A, and 2 for phase
C. The value of 3 is reserved for open-load testing.

In addition, the bootstrap charge pump must be switched to

low current mode by setting the CPM variable in the Config 5
register to 1. This is to avoid any unnecessary dissipation in the
pump regulator during testing. A pull-down current, Igp, is then
switched on by setting YSK to 1 in order to pull the phase low

if the high-side MOSFET is either disconnected or not switched
on. Igp is typically 2.5 mA, which is low enough to allow the
AMT49107 to survive a short to VBB on the SB terminal without
damage, and high enough to discharge any output capacitance in
an acceptable time.

The high-side VDS monitors are used to determine the state

of the phase connection by comparing the VDS voltage of the
high-side MOSFET, measured between VBRG and Sx with the
programmed high-side VDS threshold, Vpgry.

Test timing is not controlled by the AMT49107 and must be man-
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Figure 13: Bridge Terminal Connection Verification

aged by the external controller using the phase disconnect verify
command bit, YPH.

Phase disconnect detect relies upon there being no residual cur-
rent in the load or the bridge and time must be allowed for Sx
terminal voltages to stabilize prior to completion of the test.

YPH is taken high to initiate the test and should be held in this
state until it is known that any residual energy has dissipated,
giving the sink current, Igp, time to pull the Sx terminal to ground
in the case of a phase disconnect. At the end of this period, YPH
should be set to 0. The PxD bit will then be 1 if the phase is con-
nected and the MOSFET is on and 0 if the phase is disconnected
or the MOSFET is off. The PxD bit is reset when the state of the
PxD bit is determined by reading the Verify Result O register. The
value of the PxD bit is not valid when YPH is high.
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The low-side disconnect test is complementary to the high-side
test. Connection to each low-side MOSFET is tested by first
turning it on using the logic inputs or the serial interface. Other
low-side MOSFETs and all high-side MOSFETs must be turned
off to avoid corrupting the test result.

The phase to be tested is selected by the value in the verify phase
select variable, YPS: 0 for phase B, 1 for phase A, and 2 for
phase C. The value of 3 is reserved for open-load testing.

In addition, the bootstrap charge pump must be set to normal
operation by setting the charge pump mode variable, CPM, to 0.

A pull-up current, Igy, is provided in order to pull the phase high
if the low-side MOSFET is either disconnected or not switched
on. It is recommended that the value of Ig; is switched to

—410 pA by setting the YSC bit to 1 when performing phase dis-
connect tests. This allows Igy; to charge any output capacitances
in an acceptable time. YSK must be set to 0 during low-side
disconnect tests.

The low-side VDS monitors are used to determine the state of the
phase connection by comparing the VDS voltage of the low-side
MOSFET, measured between Sx and LSSx with the programmed
low-side VDS threshold, Vpgry .-

Test timing is not controlled by the AMT49107 and must be man-
aged by the external controller using the phase disconnect verify
command bit, YPL.

Phase disconnect detect relies upon there being no residual cur-
rent in the load or the bridge and time must be allowed for Sx
terminal voltages to stabilize prior to completion of the test.

YPL is taken high to initiate the test and should be held in this
state until it is known that any residual energy has dissipated, giv-
ing the source current, Iy, time to pull the Sx terminal to VBRG
in the case of a phase disconnect. At the end of this period, YPL
should be set to 0. The PxD bit will then be 1 if the phase is con-
nected and the MOSFET is on and 0 if the phase is disconnected
or the MOSFET is off. The PxD bit is reset when the state of the
PxD bit is determined by reading the Verify Result 0 register. The
value of the PxD bit is not valid when YPL is high.

Verify: VREG Undervoltage

The VREG undervoltage detector is verified by setting the YRU
bit in the Verify Command 0 register to 1. This applies a voltage
to the comparator that is lower than the undervoltage threshold
and should cause the VREG undervoltage fault bit, VRU, to be
latched in the Diagnostic 1 register. When YRU is reset to 0, the
VRU bit will remain set in the Diagnostic 1 register until reset. If

the VRU bit is not set, then the verification has failed.

Verify: VREG Overvoltage

The VREG overvoltage detector is verified by setting the YRO
bit in the Verify Command 0 register to 1. This applies a voltage
to the comparator that is higher than the overvoltage threshold
and should cause the VREG overvoltage fault bit, VRO, to be
latched in the Diagnostic 1 register. When YRO is reset to 0, the
VRO bit will remain set in the Diagnostic 1 register until reset. If
the VRO bit is not set, then the verification has failed.

Verify: Temperature Warning

The temperature warning detector is verified by setting the YTW
bit in the Verify Command 2 register to 1. This applies a volt-

age to the comparator that is lower than the temperature warning
threshold and should cause the temperature warning fault bit, TW,
to be latched in the Status register. When YTW is reset to 0, the
TW bit will remain set in the Status register until reset. If the TW
bit is not set, then the verification has failed.

Verify: Overtemperature

The overtemperature detector is verified by setting the YOT bit in
the Verify Command 2 register to 1. This applies a voltage to the
comparator that is lower than the overtemperature threshold and
should cause the overtemperature fault bit, OT, to be latched in
the Status register. When YOT is reset to 0, the overtemperature
fault will remain in the Status register until reset. If the OT bit is
not set, then the verification has failed.

Verify: VBB Supply Overvoltage

The VBB overvoltage detector is verified by setting the YSO bit
in the Verify Command 0 register to 1. This applies a voltage to
the comparator that is higher than the VBB overvoltage thresh-
old and should cause the VBB overvoltage fault bit, VSO, to be
latched in the Diagnostic 2 register. When YSO is reset to 0, the
VSO bit will remain set in the Diagnostic 2 register until reset. If
the VSO bit is not set, then the verification has failed.

Verify: VBB Supply Undervoltage

The VBB undervoltage detector is verified by setting the YSU bit
in the Verify Command 0 register to 1. This applies a voltage to
the comparator that is lower than the VBB undervoltage thresh-
old and should cause the VBB undervoltage fault bit, VSU, to be
latched in the Diagnostic 2 register. When YSU is reset to 0, the
VSU bit will remain set in the Diagnostic 2 register until reset. If
the VSU bit is not set, then the verification has failed. During the
period when YSU is set to 1, the VREG and VCP charge pump
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regulators are disabled and both VREG and VCP may decay.
Consequently VRU, VCPU, Vx, and OCx fault bits may be set in
the Diagnostic registers after carrying out a VBB supply under-
voltage verification. It is therefore recommended that all three
Diagnostic registers are read to clear any such faults immediately
after each VBB supply undervoltage verification.

Verify: VGS Undervoltage

The VGS undervoltage detectors can be verified individually or
in two groups, high-side and low-side. The detectors are verified
by switching on the required MOSFET using the serial Control
register bits or the logic input terminals and then setting the YGU
bit in the Verify Command 0 register to 1. This applies a voltage
that is lower than the VGS undervoltage threshold to the active
comparator and should cause a VGS undervoltage fault to be
latched in the corresponding VGS undervoltage fault bit in the
Diagnostic 0 register. (For example, the CHU bit should be set
after the CH bit is set in the Control register or the HC input is
driven high, etc.) After a period exceeding the programmed VGS
qualification time plus a dead time, typg + tpgpap, YGU must be
returned to 0 and all gate drives must be commanded off. The
general fault flag and the VGS undervoltage fault bits will remain
set until the Diagnostic 0 register is read. This must be repeated
until all MOSFETSs have been switched to verify all VGS under-
voltage comparators. If any VGS fault bit is not set after all
MOSFETs have been switched, then the verification has failed for
the corresponding comparator.

Verify: Bootstrap Capacitor Undervoltage Fault

The bootstrap capacitor undervoltage detectors are verified by
setting the YBU bit in the Verify Command 0 register to 1. This
applies a voltage that is lower than the bootstrap undervoltage
threshold to each of the three bootstrap circuit detectors and
should cause the general fault flag to be active and bootstrap
undervoltage faults to be indicated in the corresponding bootstrap
undervoltage fault bits (VA, VB, and VC) in the Diagnostic 2
register.

When YBU is reset to 0, the states of the bootstrap fault bits are
latched into the Diagnostic 2 register. If any of the bootstrap fault
bits is not set, then the verification of the corresponding detector
has failed. All bootstrap fault bits and the general fault flag are
cleared when the Diagnostic 2 register is read.

Verify: MOSFET VDS Overvoltage Fault

The VDS overvoltage detectors can be verified individually or
in two groups, high-side and low-side. The detectors are veri-
fied by commanding the intended MOSFETs to turn on using the

serial command register bits or the logic input terminals and then
setting the YDO bit in the Verify Command 0 register to 1. This
applies a voltage that is higher than the VDS overvoltage thresh-
old set for any active detector by turning on the complementary
MOSFET in the same phase (rather than the commanded MOS-
FET) to pull the Sx node toward VBRG (low-side verification)
or LSSx (high-side verification). In response, a VDS overvoltage
fault should be latched in the corresponding VDS overvoltage
fault bit in the Diagnostic 1 register. (For example, the CHO bit
should be set after the CH bit is set in the Control register or the
HC input set to turn on the GHC output, etc.). After a period
exceeding the programmed VDS qualification time plus a dead
time, typg * tpgap, the YDO bit must be returned to 0 to exit the
verification mode. Diag 1 should then be read to inspect and clear
the xLO, xHO bits. This must be repeated until all MOSFETs
have been switched to verify all VDS overvoltage comparators. If
any VDS overvoltage fault bit has not been set after all MOS-
FETs have been commanded on, then the verification has failed
for the corresponding comparator.

Verify: VBRG Undervoltage

The VBRG undervoltage detector is verified by setting the YBR
bit in the Verify Command 2 register to 1. This applies a volt-
age to the VBRG undervoltage comparator that is lower than

the VBRG undervoltage threshold and should cause the VBRG
undervoltage fault bit, VBR, to be latched in the Diagnostic 1
register. When YBR is reset to 0, the VBR bit will remain set in
the Diagnostic 1 register until reset. If the VBR bit is not set, then
the verification has failed.

Verify: LSS Disconnect

The LSS disconnect detectors are verified by setting the YLS
bit in the Verify Command 2 register to 1. This applies a voltage
to each LSS disconnect comparator that is greater than the LSS
disconnect threshold and should cause the LSS disconnect fault
bits, LAD, LBD, and LCD, to be latched in the Verify Result 0
register. When YLS is reset to 0, the disconnect fault bits will
remain set in the Verify Result 0 register until reset. If any of the
LSS disconnect fault bits, LAD, LBD, and LCD, is not set, then
the verification has failed.

Verify: VIO Undervoltage

The VIO undervoltage detector is verified by setting the YIU bit

in the Verify Command 2 register to 1. This applies a voltage to

the comparator that is lower than the undervoltage threshold and
should cause the VIO undervoltage fault bit, VLU, to be latched in
the Status register. When YU is reset to 0, the VLU bit will remain
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set in the Status register until reset. If the VLU bit is not set then
the verification has failed.

Verify: VCP Undervoltage

The VCP input undervoltage detector is verified by setting the
YCP in the Verify Command 2 register to 1. This applies a
voltage to the VCP undervoltage comparator that is lower than
the corresponding undervoltage threshold and should cause the
VCPU fault bit to be set in the Diagnostic 0 register. When YCP
is reset to 0, the VCPU bit will remain set, indicating a successful
verification. If the VCPU bit is not set, the verification has failed.

Verify: ENABLE Watchdog Timeout

The ENABLE watchdog timeout is verified by setting the EWD
bit to 1 to select the watchdog mode and then changing the state
of the ENABLE input. This change of state will enable the gate
drive outputs under command from the corresponding phase con-
trol signals and will start the watchdog timer. The ENABLE input
must then be held in this state. At the end of the timeout period,
tgto, the ETO bit should be set in the Verify Result 0 register and
the WD bit in the Status register. If the ETO and WD bits are not
set, then the verification has failed.

Verify: Logic Terminal Overvoltage

The logic terminal overvoltage detector is verified by setting the
YLO bit in the Verify Command 1 register to 1. This applies a
voltage to the comparator associated with each relevant logic
terminal that is higher than the logic terminal overvoltage warn-
ing, Vi gy- Consequently, the input overvoltage fault bit, VLO, in
the Status register should be set. To complete the verification, the
YLO bit should be set to 0 and the state of the VLO bit should be
read by writing to the Verify Command 1 register. If the VLO bit
is set to 1, the verification has passed, and if set to 0, it has failed.
During the period when YLO is set to 1, the general fault flag on
the DIAG pin may be set to logic low and the gate drive outputs
may be disabled, but neither of these conditions indicates a suc-
cessful logic terminal voltage verification.

Verify: Q&A Watchdog
The Q&A watchdog is verified in four stages:

1. The required values of failure count threshold and watchdog
timeout are written to WDC[1:0] and QAT[3:0] in the Config
13 register by the system controller. The watchdog is then
set to active mode by writing SEQO = 0xA2, SEQ1 = 0x78,
SEQ2 = 0x98 to the WD Mode register.

2. LUT address-request/answer-write cycles are initiated by the
system controller (each answer having the incorrect value but
delayed from the address request by a period longer than the
set QAT ([min] and shorter than the set QAT[max]) until the
set WDC count threshold is exceeded. The QAE bit state is
then inspected by reading the Verify Result 0 register and the
verification is passed if a value of 1 is returned. Reading the
verify Result 0 register resets the QAE bit to 0.

3. LUT address-request/answer-write cycles are made by the
system controller (each answer having the correct value but
delayed from the address request by a period shorter than
the set QAT[min] time) until the set WDC count threshold
is exceeded. The QTO bit state is then inspected by reading
the Verify Result 0 register and the verification is passed if
a value of 1 is returned. Reading the verify Result O register
resets the QTO bit to 0.

4. LUT address-request/answer-write cycles are made by the
system controller (each answer having the correct value but
delayed from the address request by a period longer than the
set QAT[max] time) until the set WDC count threshold is
exceeded. The QTO bit state is then inspected by reading the
Verify Result 0 register and the second phase of verification is
passed if a value of 0 is returned. Reading the verify Result 0
register resets the QTO bit to 0

If the FWD bit it set to 1, all gate drive outputs will be driven low
each time a fault condition is generated during the verification
process. If FWD is set to 0, they will not.

Verify: All Gate Drives Off

The successful propagation of control inputs demanding all-gate-
drives-off to the gate drive outputs is verified by setting up an
appropriate input condition and inspecting the GDO bit in the
Verify Result 1 register. If the input condition has successfully
turned off all six gate drives, the GDO bit is set. The control input
conditions (i.e. the combinational states of Hx, Lx, xH, XL, and
ENABLE) that demand all outputs off (GHx =L, GLx =L) and
hence set the GDO bit as a result of a successful verification test,
can be determined by inspection of Tables 1 through 3.

Verification of propagation from an appropriate combination of
phase logic inputs (Hx, Lx) and serial register bits (xH, xL) to the
gate drive outputs does not verify propagation from the ENABLE
input to the gate drive outputs and vice versa. Gate drive off
events are not latched in the Verify Result 1 register and the GDO
bit returns to 0 as soon as any gate drive is detected to be in the
on-state.
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Table 8: Serial Register Definition*

SERIAL INTERFACE

|15|14|13|12 1 10|9 8 7 6 5 4|3|2|1|0|
DT5 DT4 DT3 DT2 DT1 DTO
0: Config 0 0 0 0 0 0 WR P
0 0 0 1 1 1 1 1 1
vDQ TVD5 | TvD4 | TVD3 | TvD2 | TVD1 TVDO
2: Config 2 0 0 0 1 0 WR P
0 0 0 0 1 0 0 0 0
VTL5 VTL4 VTL3 VTL2 VTL1 VTLO
3: Config 3 0 0 0 1 1 WR P
0 0 0 0 1 1 0 0 0
VTB1 VTBO VTH5 | VTH4 | VTH3 | VTH2 | VTH1 VTHO
4: Config 4 0 0 1 0 0 WR P
1 0 0 0 1 1 0 0 0
CPM1 | CPMO
5: Config 5 0 0 1 0 1 WR P
0 0 0 0 0 0 0 0 0
VLM EWD VPT5 | VPT4 | VPT3 | VPT2 | VPT1 VPTO
6: Config 6 0 0 1 1 0 WR P
0 T 0 1 0 0 0 0 0
THR3 | THR2 | THR1 | THRO | THF3 | THF2 | THF1 THFO
7: Config 7 0 0 1 1 1 WR P
0 0 0 0 0 0 0 0 0
IHR13 | IHR12 | IHR11 | IHR10 | IHF13 | IHF12 | IHF11 | IHF10
8: Config 8 0 1 0 0 0 WR P
0 0 0 0 0 0 0 0 0
IHR23 | IHR22 | IHR21 | IHR20 | IHF23 | IHF22 | IHF21 | IHF20
9: Config 9 0 1 0 0 1 WR P
0 0 0 0 0 0 0 0 0
TLR3 TLR2 TLR1 TLRO TLF3 TLF2 TLF1 TLFO
10: Config 10 0 1 0 1 0 WR P
0 0 0 0 0 0 0 0 0
ILR13 | ILR12 | ILR11 ILR10 | ILF13 | ILF12 ILF11 ILF10
11: Config 11 0 1 0 1 1 WR P
0 0 0 0 0 0 0 0 0
ILR23 | ILR22 | ILR21 | ILR20 | ILF23 | ILF22 | ILF21 ILF20
12: Config 12 0 1 1 0 0 WR P
0 0 0 0 0 0 0 0 0
WDC1 | WDCO | QAT3 | QAT2 | QAT1 QATO
13: Config 13 0 1 1 0 1 WR P
0 0 0 0 0 0 0 0 0

* Power-on reset value shown below each input register bit.
1 Factory-set power-on-reset default value of VIO is selected by part number: AMT49107KEVTR-3-T (Logic I/O Voltage = 3.3 V), AMT49107KEVTR-5-T (Logic I/O Voltage = 5 V).

Continued on the next page...
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Table 8: Serial Register Definition*

[ 15 | 1o | 3 [ 2] 1| 0] o] 8 [ 7 [ 6 | s | 4] 3] 2/]1] o]
) SAV1 | SAVO
15: NVM 0 1 1 1 1 WR P
Write 0 0 0 0 0 0 0 0 0
) QA7 | an6 | aAs | oA4 | QA3 | QA2 | QA1 | QAo
16: Q2A 1 0 0 0 0 WR p
Watchdog 0 0 0 0 0 0 0 0 0
WDM7 | WDM6 | WDM5 | WDM4 | WDM3 | WDM2 | wDM1 | WDMO
17: WD Mode| 1 0 0 0 1 WR P
0 1 0 1 0 1 0 1 0
) FOT | FTW | FEWD | FLSS | FCPU | FSE | FVLU | FVLO | FWD
18: Stop on 1 0 0 1 0 WR =]
Fault 0 1 1 0 0 0 1 1 1 1
. FBRG | FDSO | FGSU | FVBU | FVRO | FVRU | FVSO | FvsSU
19:Stopon | 0 0 1 1 WR P
Fault 1 0 0 1 1 1 1 1 1 1
Ve YDO | YRO | YRU | YBU | YsSO | Ysu | YGuU
20: Verify 1 0 1 0 0 WR P
Command 0 0 0 0 0 0 0 0 0 0
- Veri YPH | YPL YLO YPS1 | YPSO | YSK | YsC
21: Verify 1 0 1 0 1 WR P
Command 1 0 0 0 0 0 0 0 0 0
 Veri YTW | YOT | YBR | YLS | YcpP YIU
22: Verify 1 0 1 1 0 WR P
Command 2 0 0 0 0 0 0 0 0 0
 Veri PCD | PBD | PAD | QAE | QTO | ETO | LcD | LBD | LAD
23: Verify 1 0 1 1 1 WR P
Result 0 0 0 0 0 0 0 0 0 0
- Veri GDO | scs | sBs | sAs
24: Verify 1 1 0 0 0 WR P
Result 1 0 0 1 0 0 0 0 0 0
VCPU | VLU CHU | CLU | BHU | BLU | AHU | ALU
25: Mask 0 1 1 0 0 1 WR P
0 0 0 0 0 0 0 0 0
VRO | VRU | VBR | CHO | cLO | BHO | BLO | AHO | ALO
26: Mask 1 1 1 0 1 0 WR P
0 0 0 0 0 0 0 0 0

* Power-on reset value shown below each input register bit.

Continued on the next page...
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Table 8: Serial Register Definition*

|15|14|13|12|11|10 9|8|7|6 5|4|3|2 1 |
S VLO BSU TW LCD LBD LAD
27: Mask 2 1 1 0 1 1 WR
0 0 0 0 0 0 0 0 0
VCPU CHU CLU BHU BLU AHU ALU
28: Diag 0 1 1 1 0 0 WR
0 0 0 0 0 0 0 0 0
VRO VRU VBR CHO CLO BHO BLO AHO ALO
29: Diag 1 1 1 1 0 1 WR
0 0 0 0 0 0 0 0 0
VC VB VA VSO VSU oL
30: Diag 2 1 1 1 1 0 WR
0 0 0 0 0 0 0 0 0
DG1 DGO DSR CH CL BH BL AH AL
31: Control 1 1 1 1 1 WR
0 0 0 0 0 0 0 0 0
s FF POR SE EE oT TW VS VLO WD VR VLU BSU GSU DSO
tatus
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

* Power-on reset value shown below each input register bit.
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A three-wire synchronous serial interface, compatible with SPI,
is used to control the features of the AMT49107. In addition, the
SDO terminal can be used, during a serial transfer, to provide
diagnostic feedback and readback of the register contents.

The AMT49107 can operate without the serial interface using the
default settings and the logic control inputs. However, application-
specific configurations and several verification functions are only
possible by setting the appropriate register bits through the serial
interface. If the serial interface is not used, then some diagnostics
cannot be cleared without a power off-on cycle. The serial interface
can also be used to control the bridge MOSFETs directly.

The serial interface timing requirements are specified in the
Electrical Characteristics table and illustrated in Figure 2. Data is
received on the SDI terminal and clocked through a shift register
on the rising edge of the clock signal input on the SCK terminal.
STRn is normally held high and is only brought low to initiate a
serial transfer. No data is clocked through the shift register when
STRn is high, allowing multiple slave units to use common SDI
and SCK connections. Each slave then requires an independent
STRn connection. The SDO output assumes a high-impedance
state when STRn is high allowing a common data readback con-
nection.

After 16 data bits have been clocked into the shift register, STRn
must be taken high to latch the data into the selected register.
When this occurs, the internal control circuits act on the new data
and the registers are reset depending on the type of transfer and
the state of the DSR bit.

If there are more than 16 rising edges on SCK or if STRn goes
high and there are fewer than 16 rising edges on SCK (either
being described as a framing error), the write will be cancelled
without latching data to the register. The read-only registers, Sta-
tus, Diagnostic, or Verification Result will not be reset.

The first five bits, D[15:11], in a serial word are the register
address bits, giving the possibility of 32 register addresses.

The sixth bit, WR (D[10]), is the write/read bit. Except for the
read-only registers, when WR is 1, the following 9 bits, D[9:1],
clocked in from the SDI terminal are written to the addressed
register. When WR is 0, the following 9 bits, D[9:1], clocked in
from the SDI terminal are ignored, no data is written to the serial
registers, and the contents of the addressed register are clocked
out on the SDO terminal.

The last bit in any serial transfer, D[0], is a parity bit that is set to
ensure odd parity in the complete 16-bit word. Odd parity means
that the total number of s in any transfer should always be an
odd number. This ensures that there is always at least one bit set
to 1 and one bit set to 0 and allows detection of stuck-at faults on
the serial input and output data connections. The parity bit is not
stored but generated on each transfer.

In addition to the addressable registers, a read-only status register
is output on SDO for all register addresses when WR is set to 1.
For all serial transfers, the first six bits output on SDO will
always be the first six bits from the status register. Register data
is output on the SDO terminal msb first while STRn is low and
changes to the next bit on each falling edge of SCK. The first bit,
which is always the FF bit from the status register, is output as
soon as STRn goes low.

Registers 20-24 and 28-30 contain verification results and diag-
nostic fault indicators and are read only. If the WR bit for these
registers is set to 1 then the data input through SDI is ignored
and the contents of the status register is clocked out on the SDO
terminal then reset as for a normal write. No other action is taken.
If the WR bit for these registers is set to 0, then the data input
through SDI is ignored and the contents of the addressed register
are clocked out on the SDO terminal and the addressed register is
reset when DSR = 0.

If a framing error is detected and/or the parity of any received
transfer is even rather than odd, the SE bit is set in the Status
register to indicate a data transfer error. Any data write will be
cancelled without latching data to the register and read-only
registers will not be reset. This fault condition can be cleared by a
subsequent valid serial write or by a power-on-reset.

In some systems, it is preferable to be able to read the status or
diagnostic registers without causing a reset and allowing the
AMT49107 to re-enable the outputs. The DSR (Disable Serial
Reset) bit provides this functionality. When DSR is set to one,
any valid read of any of the read-only registers will not result in
that register being reset. When DSR = 0, any valid read of any of
the read-only registers will reset the content of that register. This
provides a way for the external controller to access the diagnostic
information without automatically re-enabling any outputs but
retains a way to reset the faults under control of the controller.
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Configuration Registers

Sixteen registers are used to configure the operating parameters
of the AMT49107.

Config 0: Bridge timing settings:

» DTI[5:0], a 6-bit integer to set the dead time, tppap, in 50 ns
increments.

Config 2: Bridge monitor setting:

* VDQ, selects the VDS and VGS qualifier mode, blank or
debounce.

* TVDJ5:0], a 6-bit integer to set the VDS and VGS fault quali-
fication time, typg, in 100 ns increments.

Config 3: Bridge monitor setting:

* VTL[5:0], a 6-bit integer to set the low-side drain-source
threshold voltage, Vpgyr, in 50 mV increments.

Config 4: Bridge monitor setting:

* VTB[1:0], a2-bitinteger to set the VBRG undervoltage thresh-
old voltage, Vgry, in 1 V increments.

* VTH[5:0], a 6-bit integer to set the high-side drain-source
threshold voltage, Vpgry, in 50 mV increments.

Config 5: Bridge monitor setting:

* CPM, selects VCP charge pump mode.
Config 6: Bridge monitor setting:

* VLM, selects the VIO voltage level.

* EWD, Activate ENABLE watchdog monitor.

* VPT][5:0], a 6-bit integer to set the phase comparator threshold
voltage, Vpr, as a ratio of the bridge voltage, Vgrg, in 1.56%
increments from 0 to 98.4%.

Config 7: Gate drive control (high-side timing):

» THR[3:0], a 4-bit integer to set the high-side rising (GHx low-
to-high) I1 Time in 16 ns increments.

» THF[3:0], a 4-bit integer to set the high-side falling (GHx
high-to-low) I1 Time in 16 ns increments.

Config 8: Gate drive control (high-side I1 Current):

» THR1[3:0], a 4-bit integer to set the high-side rising (GHx low-
to-high) I1 Current in 16 mA increments.

« THF1[3:0], a 4-bit integer to set the high-side falling (GHx
high-to-low) I1 Current in 16 mA increments.

Config 9: Gate drive control (high-side 12 current):

» THR2[3:0], a4-bit integer to set the high-side rising (GHx low-
to-high) 12 Current in 16 mA increments.

» THF2[3:0], a 4-bit integer to set the high-side falling (GHx
high-to-low) I2 Current in 16 mA increments.

Config 10: Gate drive control (low-side timing):

» TLR[3:0], a 4-bit integer to set the low-side rising (GLx low-
to-high) I1 Time in 16 ns increments.

» TLF[3:0], a 4-bit integer to set the low-side falling (GLx high-
to-low) I1 Time in 16 ns increments.

Config 11: Gate drive control (low-side I1 current):

» ILR1[3:0], a 4-bit integer to set the low-side rising (GLx low-
to-high) I1 Current in 16 mA increments.

» ILF1[3:0], a4-bit integer to set the low-side falling (GLx high-
to-low) I1 Current in 16 mA increments.

Config 12: Gate drive control (low-side 12 current):

» ILR2[3:0], a 4-bit integer to set the low-side rising (GLx low-
to-high) 12 Current in 16 mA increments.

» ILF2[3:0], a4-bit integer to set the low-side falling (GLx high-
to-low) 12 Current in 16 mA increments.

Config 13: Watchdog timer:

* WDCJ1:0], a 2-bit integer to set number of acceptable attempt
for mis-refresh.

* QAT[3:0], a 4-bit integer to set Q&A watchdog minimum and
maximum timeout.

Config 15: NVM Write:

* SAV[1:0], Controls and reports saving the register contents
of NVM.

Config 16: Q& A Watchdog:

* QA[7:0], a 7-bit pattern for the Q&A watchdog control.
Config 17: WD Mode:

« WDM][7:0], a 7-bit pattern for the watchdog control.
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Stop-On Fault Registers

Two registers to control whether gate drive outputs are to remain
enabled or be disabled in response to faults. See Diagnostics sec-
tion for further detail of fault actions.

Stop on Fault 0:

One bit per fault type to define stop-on-fault behavior for OT,
TW, ENABLE WD, LSS, CPU, FSE, VLU, VLO, Q & A WD
diagnostics.

Stop on Fault 1:

One bit per fault type to define stop-on-fault behavior for BRG,
DSO, GSU, VBU, VRO, VRU, VSO, and VSU diagnostics.
Verification Registers

Five registers are used to manage the system and diagnostic
verification features.

Verify Command 0:

Individual bits to initiate off-line verification tests for VDS,
VREG, Bootstrap undervoltage, logic overvoltage, VBB, and
VGS diagnostics.

Verify Command 1:

Individual bits to initiate off-line verification tests for phase discon-
nect, logic undervoltage, and open-load diagnostics.

Verify Command 2:

Individual bits to initiate off-line verification tests for TW, OT,
VBRG undervoltage, LSS disconnect, VCPU, and logic I/O
undervoltage diagnostics.

Verify Result 0 (read only):

Individual bits holding the results of the phase disconnect, the
watchdog errors and the LSS disconnect verification tests. When
DSR = 0, these bits are reset on completion of a successful read
of the register.

Verify Result 1 (read only):

Individual bits holding the results of gate drive off and phase
state verification tests. When DSR = 0, these bits are reset on
completion of a successful read of the register.

Diagnostic Registers

In addition to the read-only status register, three read-only
diagnostic registers provide detailed diagnostic management and
reporting. When DSR = 0, any bits set in a diagnostic register are
reset on completion of a successful read of that register. When
DSR = 1, the register will not be reset. Reading one diagnostic

register will not affect the fault bits in any other register. Read-
ing the status register will not affect fault bits in any diagnostic
register.

Diagnostic 0 (read only):

VGS undervoltage monitor bits for each gate drive output and a
VCP undervoltage bit.

Diagnostic 1 (read only):

Individual bits indicating faults detected by VREG diagnostic
monitors, the VBRG undervoltage monitor, and the VDS moni-
tors.

Diagnostic 2 (read only):

Individual bits indicating bootstrap undervoltage, VBB out of
range, and open-load diagnostic monitors.

Mask Registers

Three mask registers allow individual diagnostics to be disabled.
If a bit is set to one in the mask registers, then the corresponding
diagnostic will be completely disabled. No fault states for the
disabled diagnostic will be generated, no fault flags or diagnostic
bits will be set, and no action will be taken if the corresponding
fault conditions are present.

Mask 0:
Individual bits to separately disable the VGS gate drive output

diagnostics plus bits to disable the VCP undervoltage and logic
I/0 undervoltage.

Mask 1:

Individual bits to disable VDS diagnostic monitors for each gate
drive output, the VBRG undervoltage monitor, and the VREG
monitor.

Mask 2:

Individual bits to disable VBB, logic, bootstrap, temperature, and
LSS disconnect diagnostic monitors.

Control Register

The Control register contains one control bit for each MOSFET
and some system function settings:

* DG[1:0], a two-bit integer to select the signal output on the
DIAG terminal.

DSR, disables reset on serial transfer.

* CH, CL, MOSFET Control bits for Phase C.
BH, BL, MOSFET Control bits for Phase B.
AH, AL, MOSFET Control bits for Phase A.
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Status Register

There is one status register in addition to the addressable regis-
ters. When any register transfer takes place, the first six bits out-
put on SDO are always the most significant six bits of the status
register irrespective of whether the addressed register is being
read or written (see Serial Timing diagram).

The content of the remaining ten bits will depend on the state of
the WR bit input on SDI. Except for the read-only registers, when
WR is 1, the addressed register will be written and the remain-
ing ten bits output on SDO will be the least significant nine bits
of the status register followed by a parity bit. For the read-only
registers, that is the two verification result registers and the three
diagnostic registers, when WR is 1, the data bits will be ignored,
no data will be written to the register and the remaining ten bits
output on SDO will be the least significant nine bits of the status
register followed by a parity bit. For both read-only and read/
write registers, when WR is 0, the addressed register will be read,
and the remaining ten bits will be the contents of the addressed
register followed by a parity bit.

The read only status register provides a summary of the chip sta-
tus by indicating if any diagnostic monitors have detected a fault.
The most significant four bits of the status register indicate criti-
cal system faults. Bits 11 through 1 provide indicators for specific
individual monitors and the contents of the three diagnostic
registers. The contents and mapping to the diagnostic registers is
listed in Table 9.

The first most significant bit in the register is the diagnostic
status flag, FF. This is high if any bits in the status register are
set. If there are no fault bits in the status register, then FF will be
zero. When STRn goes low to start a serial write, SDO outputs
the diagnostic status flag. This allows the main controller to poll
the AMT49107 through the serial interface to determine if a fault
has been detected. If no faults have been detected, then the serial
transfer may be terminated without generating a serial read fault
by ensuring that SCK remains high while STRn is low. When
STRn goes high, the transfer will be terminated and SDO will go
into its high impedance state.

The second most significant bit is the POR bit. At power-up or
after a power-on-reset, the FF bit and the POR bit are set, indicat-
ing to the external controller that a power-on-reset has taken
place. All other diagnostic bits are reset, and all other registers
are returned to their default state. Note that a power-on-reset only
occurs when the output of the internal logic regulator rises above
its undervoltage threshold. Power-on-reset is not affected by the
state of the VBB supply or VREG regulator output. In general,

the VR, VRU, VCU, and VD bits may also be set following

a power-on reset as the regulators will not have reached their
respective rising undervoltage thresholds until after the register
reset is completed.

Table 9: Status Register Mapping

S.tatus ) Diagnostic Relatec! Diagn.ostic
Register Bit Register Bits

FF Status Flag None
POR Power-on-Reset None

SE Serial Error None

EE EEPROM Error None

oT Overtemperature None

TW Temperature Warning None

VS VBB or VBRG out of range VSU, VSO, VBRG
VLO Logic OV None

WD Watchdog Error ETO, QTO, QAE
VR VREG Monitor VRU, VRO, VCPU
VLU VIO Undervoltage None

BSU Bootstrap UV VA, VB, VC
osu | vesuv LU, BLU, LU
50 |wosov FOE

UV = Undervoltage, OV = Overvoltage

The third bit in the status register is the SE bit, which indicates
that the previous serial transfer was not completed successfully.

The fourth bit in the Status register is the EE bit, which indicates
that an EEPROM error was detected at device power-up.

Of the remaining bits, the contents of OT, TW, VLO, and VLU
are determined by individual diagnostics. These bits along with
the POR and SE bits will be reset on the completion of a success-
ful serial write transaction if DSR = 0. If DSR = 1, the fault bits
will not be affected. Resetting only affects latched fault bits for
faults that are no longer present. For any static faults that are still
present, for example overtemperature, the fault flag will remain
set after the reset.

The contents of the remaining bits in the status register, VS, WD,
VR, BSU, GSU, and DSO are all derived from the contents of
the diagnostic registers. These bits are only cleared when the cor-
responding contents of the diagnostic registers are reset; they can-
not be reset by reading the status register. A fault indicated on any
of the related diagnostic register bits will set the corresponding
status register bit to 1. The related diagnostic register must then
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be read to determine the exact fault and clear the fault state if the
fault condition has cleared.

Non-Volatile Memory

The values in the configuration and control registers are held in
non-volatile EEPROM (NVM), allowing the AMT49107 to be
pre-programmed with different user-defined register values for
each application, thus avoiding the need to program the register
contents at each power on.

The AMT49107 provides a simple method to write the contents
of the registers into the NVM using the serial interface. When
the SAV[1:0] bits in register 15 are changed from [01] to [10]
in a single serial write, the present contents of registers 0 to 13,
registers 18 to 19, 25 to 27, and 31 are saved (written to NVM)
as a single operation. The save sequence takes typically 400 ms
to complete. It is not possible to save single register values.
Although the motor may be operating during the save sequence,
it is recommended that the motor drive is disabled before starting
a save sequence to avoid any corruption caused by the electrical
noise or any faults from the motor.

The register save sequence requires a programming voltage Vpp to
be applied to the VBB terminal. Vpp must be present on the VBB
terminal for a period, tprg, before the save sequence is started. Vpp
must remain on VBB until the save sequence is completed.

During the save sequence, the SPI remains active for read only.
Any attempt to write to the registers during the save sequence
will cause the FF and SE bits to be set in the Status register.

During the save sequence, the AMT49107 will automatically
complete all the necessary steps to ensure that the NVM is cor-
rectly programmed and will complete the sequence by verifying
that the contents of the NVM have been securely programmed.
On successful completion of a save sequence, the SAV[1:0] bits
will be set to [01]. Register 15 should be read to determine if the
save has completed successfully. If SAV[1:0] is reset to [00], then
the save sequence has been terminated and has not completed
successfully.

If Vpp drops to an unacceptably low level during a save sequence,
the sequence will be terminated and SAV[1:0] will be reset to 00.

To externally verify the data saved in the NVM, the VBB supply
must be cycled off, then on to cause a power-on reset. Following
a power-on reset, the contents of the NVM are copied to the serial
registers which can then be read through the serial interface and
verified.

Refer to the NVM - Programming Parameters section of the
Electrical Characteristics table for the permissible number of
EEPROM write cycles and the maximum junction temperature
limit that applies during programming.
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Serial Register Reference

|15|14|13|12|11|10|9|8|7|6 5|4|3|2|1|0|
DT5 DT4 DT3 DT2 DT1 DTO
0: Config 0 0 0 0 0 0 WR P
0 0 0 1 1 1 1 1 1
*Power-on reset value shown below each input register bit.
Config 0
DT[5:0] Dead time.
tDEAD =nx50ns
where where n is a positive integer
defined by DT[5:0]. For example,
for the power-on reset condition,
DT[5:0] =[11 1111], tpgap =3.15 ps.
The range of tppap is 100 ns to 3.15 ps.
Selecting a value of 1 or 2 will set the
dead time to 100 ns. Setting DT =0
disables the dead time.
P Parity bit. Ensures an odd number of 1s in
any serial transfer.
48
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Serial Register Reference

| 15 | 14 | 13 | 12 | 1 | 10| o 8 | 7 | e | s | 4 | 3 | 2 | 1 | o]
vVDQ TVD5 | TVD4 | TVvD3 | TvD2 | TVD1 | TVDO
2: Config 2 0 0 0 1 0 WR P
0 0 0 0 1 0 0 0 0
VTL5 | VTL4 | VTL3 | VTL2 | VTL1 | VTLO
3: Config 3 0 0 0 1 1 WR P
0 0 0 0 1 1 0 0 0
*Power-on reset value shown below each input register bit.
Config 2 Config 3
VvDQ VDS and VGS Fault qualifier mode. VTL[5:0] Low-side VDS overvoltage threshold.
VDQ | VDS and VGS Fault Qualifier Default VDSTL =nx50mV
0 Debounce D . L
1 Blank where n is a positive integer defined by VTL[5:0],
e.g. for the power-on-reset condition
VTL[5:0] =[01 1000] then Vpgy = 1.2 V.
TVD[5:0] VDS and VGS qualification time. The range of Vpgrp is 0 to 3.15 V.

tVDQ =n x 100 ns

where n is a positive integer defined by TVD[5:0].
e.g. for the power-on-reset condition

TVD[5:0] = [01 0000] then typg = 1.6 s.

The range of typg is 0.6 to 6.3 ps.

Parity bit. Ensures an odd number of s in any serial
transfer.

Parity bit. Ensures an odd number of s in any serial
transfer.

ALLEGRO

microsystems

Allegro MicroSystems

955 Perimeter Road

Manchester, NH 03103-3353 U.S.A.
www.allegromicro.com

49



AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

[ 15 | 1a | 3| 2] n | 0] o[ 8 [ 7 [ 6 [ 5 [ 4] 3 [ 2] 1]o]
VTB1 | VTBO vTH5 | vTH4 | vTH3 | vTH2 | vTH1 | vTHO
4:Configd | 0 0 1 0 0 WR P
1 0 0 0 1 1 0 0 0
CPM1 | CPMO
5: Config5 | 0 0 1 0 1 WR P
0 0 0 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.

Config 4 Config 5
VTB[1:0] VBRG undervoltage threshold. CPM VCP charge pump mode.
VTB1 | VTB0O | VBRG Undervoltage Threshold| Default CPM1 | CPMO | VCP Charge pump mode Default
0 0 6V 0 0 Auto 5 mA /200 pA D
0 1 7V 0 1 200 pA
1 0 8V D 1 0 5mA
1 1 9V 1 1 Off
VTHI[5:0] High-side VDS overvoltage threshold. o . .
P Parity bit. Ensures an odd number of 1s in any serial
Vpsth =7 > 50 mV transfer.

where n is a positive integer defined by VTH[5:0],
e.g. for the power-on-reset condition

VTH[5:0] =[01 1000] then Vpgry =1.2 V.

The range of Vpgryis 0 to 3.15 V.

P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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Serial Register Reference

VLM EWD | VPT5 | VPT4 | VPT3 | VPT2 | VPT1 | VPTO
6: Config 6 0 0 1 1 0 WR P

*Power-on reset value shown below each input register bit.

Config 6
VLM VIO Voltage Level.
VLM | Nominal V,q Voltage Default
0 3.3V *
1 5V *

* Factory-set power-on-reset default value of Vg is selected by
part number: AMT49107KEVTR-3-T (Logic I/0O Voltage = 3.3 V),
AMT49107KEVTR-5-T (Logic I/O Voltage = 5 V).

EWD ENABLE Input Watchdog.

EWD | Q&A Watchdog Default
0 Disabled D
1 Active

VPT[5:0] Phase comparator threshold.
Vpr=(n/64) x Vgrg

where n is a positive integer defined by VPT[5:0],
e.g. for the power-on-reset condition

VPT[5:0] = [10 0000] then Vpt = 50% Vgrg-

The range of Vpris 0 to 98.4% Vgrg-

P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

THR3 | THR2 | THR1 THRO | THF3 THF2 THF1 THFO

7: Config 7 0 0 1 1 1 WR P
0 0 0 0 0 0 0 0 0
IHR13 | IHR12 | IHR11 | IHR10 | IHF13 | IHF12 | IHF11 IHF10
8: Config 8 0 1 0 0 0 WR P
0 0 0 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.

Config 7 Config 8
THR[3:0] High-side rising t1 Time. IHR1[3:0] High-side rising I1 Current.
t;=60ns+ (n x 16 ns) I} =nx-16 mA
where n is a positive integer defined by THR[3:0], where n is a positive integer defined by IHR1[3:0],
e.g. if THR[3:0]=[0001] then t; =76 ns. e.g. if IHR1[3:0] = [1000] then I; = —-128 mA.
The range of't; is 60 to 300 ns. The range of I; is —16 to —240 mA. Selecting a value of

0 will set maximum gate drive to turn on the MOSFET
ickl ible.
THF[3:0] High-side falling t Time. 45 quicicy as possibie

t;=60ns+ (n x 16 ns) o )
. o IHF1[3:0] High-side falling I1 Current.
where n is a positive integer defined by THF[3:0],

e.g. if THF[3:0] = [0001] then t, = 76 ns. fy=n>x16mA

The range of t; is 60 to 300 ns. where n is a positive integer defined by IHF1[3:0],
e.g. if IHF1[3:0] = [1000] then I, = 128 mA.

The range of I; is 16 to 240 mA. Selecting a value of 0
will set maximum gate drive to turn off the MOSFET
as quickly as possible.

P Parity bit. Ensures an odd number of s in any serial
transfer.

P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

IHR23 | IHR22 | IHR21 | IHR20 | IHF23 | IHF22 | IHF21 | IHF20
9: Config 9 0 1 0 0 1 WR P

TLR3 TLR2 TLR1 TLRO TLF3 TLF2 TLF1 TLFO
10: Config 10 0 1 0 1 0 WR P

*Power-on reset value shown below each input register bit.

Config 9 Config 10
IHR2[3:0] High-side rising 12 Current. TLR[3:0] Low-side rising t1 Time.
I, =nx-16 mA t;=60ns+ (n x 16 ns)
where n is a positive integer defined by IHR2[3:0], where n is a positive integer defined by TLR[3:0],
e.g. if IHR2[3:0]=[1000] then I, =128 mA. e.g. if TLR[3:0]=[0001] then t; =76 ns.
The range of I, is —16 to —240 mA. Selecting a value of The range of t; is 60 to 300 ns.

0 will set maximum gate drive to turn on the MOSFET

as quickly as possible. . . .

TLF[3:0] Low-side falling t1 Time.
t;=60ns+ (n x 16 ns)

IHF2[3:0] High-side falling I2 Current.
B where n is a positive integer defined by TLF[3:0],
L=nx16mA e.g. if TLE[3:0] = [0001] then t, = 76 ns.
where n is a positive integer defined by IHF2[3:0], The range of't; is 60 to 300 ns.
e.g. if IHF2[3:0] =[1000] then I, = 128 mA.
The range of I, is 16 to 240 mA. Selecting a value of 0 o . .
will set maximum gate drive to turn off the MOSFET P Parity bit. Ensures an odd number of 1s in any serial
. . transfer.
as quickly as possible.

P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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Serial Register Reference

ILR13 | ILR12 | ILRM ILR10 | ILF13 ILF12 ILF11 ILF10
11: Config 11 0 1 0 1 1 WR P

ILR23 | ILR22 | ILR21 ILR20 | ILF23 ILF22 ILF21 ILF20
12: Config 12 0 1 1 0 0 WR P

*Power-on reset value shown below each input register bit.

Config 11 Config 12

ILR1[3:0] Low-side rising I1 Current. ILR2[3:0] Low-side rising I2 Current.
Iy =nx-16 mA I, =nx-16 mA
where n is a positive integer defined by ILR1[3:0], where n is a positive integer defined by ILR2[3:0],
e.g. if ILR1[3:0]=[1000] then I; =—128 mA. e.g. if ILR2[3:0]=[1000] then I, =—128 mA.
The range of I; is —16 to —240 mA. Selecting a value of The range of I; is —16 to —240 mA. Selecting a value of
0 will set maximum gate drive to turn on the MOSFET 0 will set maximum gate drive to turn on the MOSFET
as quickly as possible. as quickly as possible.

ILF1[3:0] Low-side falling I1 Current. ILF2[3:0] Low-side falling 12 Current.
Iy =nx16mA L,=nx16mA
where n is a positive integer defined by ILF1[3:0], where n is a positive integer defined by ILF2[3:0],
e.g. if ILF1[3:0] = [1000] then I; = 128 mA. e.g. if ILF2[3:0] = [1000] then I, = 128 mA.
The range of I, is 16 to 240 mA. Selecting a value of 0 The range of I, is 16 to 240 mA. Selecting a value of 0
will set maximum gate drive to turn off the MOSFET will set maximum gate drive to turn off the MOSFET
as quickly as possible. as quickly as possible.

P Parity bit. Ensures an odd number of 1s in any serial P Parity bit. Ensures an odd number of 1s in any serial
transfer. transfer.
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Serial Register Reference

|15|14|13|12|11|10|9|8|7|6 5|4|3|2|1|0|
WDC1 | WDCO | QAT3 QAT2 QAT1 QATO
13: Config 13 0 1 1 0 WR P
0 0 0 0 0 0 0 0 0
*Power-on reset value shown below each input register bit.
Config 13
WDCJ[1:0] Watchdog failure count threshold.
wDC Watchdog Fail Count Default
0 0 D
1 1
2 3
3 7
QAT[3:0] Q&A watchdog timeout.
QAT Minimum (tqm) Maximum (tqua) |Default
0 0.1 ms 0.2ms D
1 0.2ms 0.4 ms
2 0.4 ms 0.8 ms
3 0.6 ms 1.2ms
4 0.8 ms 1.6 ms
5 1ms 2ms
6 2ms 4 ms
7 4 ms 8 ms
8 6 ms 12 ms
9 8 ms 16 ms
10 10 ms 20 ms
11 12 ms 24 ms
12 14 ms 28 ms
13 16 ms 32 ms
14 18 ms 36 ms
15 20 ms 40 ms
P Parity bit. Ensures an odd number of 1s in
any serial transfer.
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Serial Register Reference

15: NVM
Write

SAVO

*Power-on reset value shown below each input register bit.

Write NVM Control

SAV[1:0]

Save parameters to Non-Volatile Memory (NVM)

When SAV[1:0] are changed from [01] to [10], the
present contents of registers 0, 2 to 13, 18 to 19, 25 to
27, and 31 are written to NVM.

When the NVM save has completed successfully,
SAV[1:0] bits will be set to [01] and can be read to
verify completion of the write. If SAV[1:0] is reset to
[00], the save has not completed successfully.

Parity bit. Ensures an odd number of 1s in any serial
transfer.
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Serial Register Reference

[ 5 [ 1« | 3 [ 12| n ] w0] o | 8 [ 7 |6 [ s | 4] 3] 2|1 [o]
Josa | . . . o | wr a7 | oms | oms | oad | oas | om | oat | aro |
0 0 0 0 0 0 0 0 0

WDM7 | WDM6 | WDM5 | WDM4 | WDM3 | WDM2 | WDM1 | WDMO
17: WD Mode 1 0 0 0 1 WR P

*Power-on reset value shown below each input register bit.

Q&A Watchdog Watchdog Mode

QA[7:0] Q&A watchdog control register WDM[7:0]  Watchdog Mode Selector

P Parity bit. Ensures an odd number of 1s in any serial P Parity bit. Ensures an odd number of 1s in any serial
transfer. transfer.

Mode confirmation (Read back)

Q&A Watchdog look-up table

WDM[7:0] Device Mode Default
A : A 7:
ddrgf; [3:0] "swe(;xi‘;de[ o OXAA | Bridge Disable (Gate Drive Outputs Low)] D
ox1 ox1D 0x55 Q&A Watchdog Active
02 0xD7 OXEE | Q&A watchdog Inactive
0x3 OX6E Number is written in hexadecimal
0x4 OxFE
0x5 OxF3 Mode Change (Write)
0x6 0x3E Mode SEQO0 | SEQ1 | SEQ2
0x7 0xC4 Bridge Disable Mode 0xA2 0x23 0x61
0x8 0xAD Q&A Watchdog Active 0xA2 0x78 0x98
0x9 0x8F Bridge Actl\{e & Q&A OxA2 0xCD 0x88
0xA Ox2F watchdog disabled
0xB 0x09 Number is written in hexadecimal
0xC 0xC6
0xD 0xCA
OxE 0x46
OxF 0x10

Numberis written in hexadecimal
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AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

[ 15 | 14 | 13 | 12 | n | 10 o | 8 | 7 | e | 5 | 4 | 3 | 2 | 1| o]
. FOT | FTW |FEWD | FLSs | FCPU | FSE | FvLu | FvLO | FWD
18:Stopon | 4 0 0 1 0 WR P
au 1 1 0 0 0 1 1 1 1
. FBRG | FDSO | Fesu | FvBu | FvRo | FVRU | Fvso | Fvsu
19: Stopon | 0 0 1 1 WR P
Fault 1 0 0 1 1 1 1 1 1 1

*Power-on reset value shown below each input register bit.

Stop on Fault 0

FOT Overtemperature

FTW  Temperature Warning
FEWD ENABLE WD Timeout
FLSS LSS Disconnect

FCPU VCP Undervoltage
FSE  Serial Error

FVLU Logic I/O Undervoltage
FVLO Logic Overvoltage
FWD Q&A WD Error

Stop on Fault 1

FBRG
FDSO
FGSU
FVBU
FVRO
FVRU
FVSO
FVSU

P Parity bit. Ensures an odd number of s in any serial

transfer.

VBRG Undervoltage
VDS Overvoltage

VGS Undervoltage
Bootstrap Undervoltage
VREG Overvoltage
VREG Undervoltage
VBB Overvoltage
VBB Undervoltage

Parity bit. Ensures an odd number of 1s in any serial
transfer.
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Serial Register Reference

|15|14|13|12|11|1098|7|6|5|4|3|2|1 |
20: Verify 1 o 1 . . WR YDO | YRO | YRU | YBU | YSO | YsUu | YGU
Command 0 0 0 0 0 0 0 0 0 0
21: Verify 1 o 1 o 1 we |LYPH | YRL YLO YPS1 | YPSO | YSK | YsSC
Command 1 0 0 0 0 0 0 0 0 0
22: Verify 1 o 1 1 o we YW | YOT | YBR | vis | vcp YIu
Command 2 0 0 0 0 0 0 0 0 0
*Power-on reset value shown below each input register bit.
Verify Command 0 Verify Command 2
YDO VDS Overvoltage YTW Temperature Warning
YRO VREG Overvoltage YOT Overtemperature
YRU VREG Undervoltage YBR VBRG Undervoltage
YBU Bootstrap Capacitor Undervoltage YLS LSS Disconnect
YSO VBB Supply Overvoltage YIU VIO Undervoltage
YSU VBB Supply Undervoltage YCP VCP Undervoltage
YGU VGS Undervoltage
P Parity bit. Ensures an odd number of 1s in any serial P Parity bit. Ensures an odd number of 1s in any serial

Verify Command 1

transfer.

YPH Phase Disconnect High-Side
YPL Phase Disconnect Low-Side
YLO Logic Input Overvoltage
YPS[1:0] Phase diagnostic select.
YPS1 | YPSO Signal on DIAG output Default
0 0 Phase B Disconnect D
0 1 Phase A Disconnect
1 0 Phase C Disconnect
1 1 Off-state open load*
YSK Isp (2.5 mA) sink on phase selected by YPS*
YSC Igy (410 pA) source on phase selected by YPS*

* When YPS = 3, Phase B has a fixed 2.5 mA sink and the source current on phases

A and C are common and set by YSC.

P

Parity bit. Ensures an odd number of 1s in any serial

transfer.

transfer.

For All Verify Command Registers

Yxx

Verification

Default

0

Inactive

D

1

Active and Initiate
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AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

[ 15 | 1a | 13| 2] n | 0] o[ 8 [ 7 [ 6 [ 5 [ 4] 3 [ 2] 1]o]
23: Verify 1 . 1 1 1 wr |PCD_| PBD | PAD | QAE | aTO ETO | LCD | LBD | LAD o
Result 0 0 0 0 0 0 0 0 0 0
24: Verify 1 1 . . . WR GDO | Scs | sSBS | SAS o
Result 1 0 0 1 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.

Verify Result 0 (read only) Verify Result 1 (read only)
PCD Phase C disconnect GDO All gate drives off
PBD Phase B disconnect SCS Phase C state
PAD Phase A disconnect SBS Phase B state
QAE Q&A watchdog Answer error SAS  Phase A state
QTO Q&A watchdog timeout
. xxx | Verification Result Default
ETO ENABLE watchdog timeout 0 | Not detected D
LCD LSSC disconnect 1 | Detected
LBD LSSB disconnect
LAD LSSA disconnect P Parity bit. Ensures an odd number of 1s in any serial
transfer.
xxx | Verification Result Default
0 Not detected D
1 Detected
P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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AMT49107 Automotive Three-Phase MOSFET Driver

Serial Register Reference

|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|
VCPU | VLU CHU | CLU | BHU | BLU | AHU | ALU
25: Mask 0 1 1 0 0 1 WR P
0 0 0 0 0 0 0 0 0
VRO | VRU | VBR | CHO | CLO | BHO | BLO | AHO | ALO
26: Mask 1 1 1 0 1 0 WR P
0 0 0 0 0 0 0 0 0
S vLO | BSU ™w LCD | LBD | LAD
27: Mask 2 1 1 0 1 1 WR P
0 0 0 0 0 0 0 0 0
*Power-on reset value shown below each input register bit.
Mask 0 Mask 2
VCPU VCP undervoltage VS VBB out of range
VLU Logic I/O undervoltage VLO Logic Overvoltage
CHU  Phase C high-side VGS undervoltage BSU Bootstrap Undervoltage
CLU  Phase C low-side VGS undervoltage TW  Temperature Warning
BHU  Phase B high-side VGS undervoltage LCD Phase C LSS disconnect
BLU  Phase B low-side VGS undervoltage LBD Phase B LSS disconnect
AHU  Phase A high-side VGS undervoltage LAD Phase A LSS disconnect
ALU  Phase A low-side VGS undervoltage o ) )
P Parity bit. Ensures an odd number of 1s in any serial
P Parity bit. Ensures an odd number of 1s in any serial transfer.
transfer.
Mask 1
VRO VREG Overvoltage For All Mask Registers
VRU VREG Undervoltage xxx | Fault Mask Default
0 Fault detection permitted D
VBR  VBRG undervoltage 1 Fault detection disabled

CHO Phase C high-side VDS overvoltage

CLO Phase C low-side VDS overvoltage Itt a bit is. set .to one in the mask.registers, then the corresponding
) ] diagnostic will be completely disabled. No fault states for the

BHO  Phase B high-side VDS overvoltage disabled diagnostic will be generated, no fault flags or diagnostic

BLO Phase B low-side VDS overvoltage bits will be set, and no action will be taken if the corresponding

AHO  Phase A high-side VDS overvoltage fault conditions are present.
ALO Phase A low-side VDS overvoltage

P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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Serial Register Reference

| 15 | 14 | 13 | 12 | 1 | 10 9 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
28: VCPU CHU CLU BHU BLU AHU ALU
Di i tic 0 1 1 1 0 0 WR P
lagnostic 0 0 0 0 0 0 0 0 0
29: VRO VRU VBR CHO CLO BHO BLO AHO ALO
. e 1 1 1 0 1 WR P
Diagnostic 1 0 0 0 0 0 0 0 0 0
30: VC VB VA VSO VSU oL
. - 1 1 1 1 0 WR P
Diagnostic 2 0 0 0 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.

Diag 0 (read only)
VCPU VCP undervoltage

CHU
CLU
BHU
BLU
AHU
ALU

Phase C high-side VGS undervoltage
Phase C low-side VGS undervoltage
Phase B high-side VGS undervoltage
Phase B low-side VGS undervoltage
Phase A high-side VGS undervoltage
Phase A low-side VGS undervoltage

Parity bit. Ensures an odd number of 1s in any serial

transfer.

Diag 1 (read only)

VRO
VRU
VBR
CHO
CLO
BHO
BLO
AHO
ALO

VREG overvoltage

VREG undervoltage

VBR undervoltage

Phase C high-side VDS overvoltage
Phase C low-side VDS overvoltage

Phase B high-side VDS overvoltage
Phase B low-side VDS overvoltage

Phase A high-side VDS overvoltage
Phase A low-side VDS overvoltage

Parity bit. Ensures an odd number of 1s in any serial

transfer.

Diag 2 (read only)

VC Phase C bootstrap undervoltage
VB Phase B bootstrap undervoltage
VA Phase A bootstrap undervoltage
VSO VBB overvoltage

VSU VBB undervoltage

OL Open load

Parity bit. Ensures an odd number of 1s in any serial

transfer.

For All Diagnostic Registers

XXX Status

Default

0 No fault detected

D

1 Fault detected

ALLEGRO
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Automotive Three-Phase MOSFET Driver

Serial Register Reference

|15|14|13|12|11|10|9 8|7|6 5|4|3|2|1|0|
DG1 DGO | DSR CH cL BH BL AH AL
31: Control 1 1 1 1 WR
0 0 0 0 0 0 0 0 0
*Power-on reset value shown below each input register bit.
Control
DG[1:0] Selects signal routed to DIAG.
DG1 | DGO | Signal on DIAG Pin Default
0 0 Fault — low true D
0 1 Pulse Fault
1 0 Temperature
1 1 Clock
DSR Disable Serial Reset.
DSR | Reset on serial read Default
0 | Enabled D
1 Disabled
CH Phase C, High-side gate drive
CL Phase C, Low-side gate drive
BH Phase B, High-side gate drive
BL Phase B, Low-side gate drive
AH Phase A, High-side gate drive
AL Phase A, Low-side gate drive

See Table 2 and Table 3 for control logic operation.

Parity bit. Ensures an odd number of 1s in any serial

transfer.
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Serial Register Reference

|15|14|13|12|11|10|9|8|7|6|5|4| |2 1|0|
Stat FF POR SE EE oT ™ VS VLO | WD VR VLU BSU | GSU | DSO o
atus
1 1 0 0 0 0 0 0 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.
Status Status Register Bit Mapping

FF Status register flag Status Register Bit| Related Diagnostic Register Bits

POR Power-on-reset FF None

SE Serial Error POR None

EE EEPROM fault SE None

EE None

OT  Overtemperature oT None

TW  High temperature warning T™W None

VS VBB or VBRG out of range VS VSU, VSO, VBR

VLO Logic overvoltage VLO None

WD  Watchdog error wD ETO, QTO, QAE

VR  VREG or VCP out of range VR VRU, VRO, VCPU

VLU  Logic I/O regulator undervoltage VLU None

BSU  Bootstrap undervoltage BSU VA, VB, VC

GSU  VGS undervoltage GSU AHU, ALU, BHU, BLU, CHU, CLU

DSO VDS overvoltage DSO AHO, ALO, BHO, BLO, CHO, CLO

xxx | Status
0 No fault detected
1 Fault detected
P Parity bit. Ensures an odd number of 1s in any serial
transfer.
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APPLICATION INFORMATION

Bootstrap Capacitor Selection

CgooT> must be correctly selected to ensure proper operation
of the device. Too large and time will be wasted charging the
capacitor, resulting in a limit on the PWM frequency. Too small
and there can be a large voltage drop at the time the charge is
transferred from Cgpor to the MOSFET gate.

To keep the voltage drop due to charge sharing small, the charge
in the bootstrap capacitor, Qgoor, should be much larger than
QgartEs the charge required by the gate:

Opoot > UGATE

A factor of 20 is a reasonable value:

Ooot = Coot * Voot = Ggate * 20

or

Ocate * 20

Cpoor = %
BOOT

where Voot is the voltage across the bootstrap capacitor.

The voltage drop, AV, across the bootstrap capacitor as the MOS-
FET is being turned on, can be approximated by:

AV = OGATE

Cgoor

So for a factor of 20, AV will be 5% of Vggor

The maximum voltage across the bootstrap capacitor under
normal operating conditions is Vygg(max). However, in some
circumstances, the voltage may transiently reach a maximum of
18 V, which is the clamp voltage of the Zener diode between the
Cx terminal and the Sx terminal. In most applications with a good
ceramic capacitor, the working voltage can be limited to 16 V
(rated voltage).

VREG Capacitor Selection

The internal reference, VREG, supplies current for the low-side
gate drive circuits and the charging current for the bootstrap
capacitors. When a low-side MOSFET is turned on, the gate-
drive circuit will provide the high transient current to the gate that
is necessary to turn the MOSFET on quickly. This current, which
can be several hundred milliamperes, cannot be provided directly
by the limited output of the VREG regulator but must be supplied

by an external capacitor connected to VREG.

The turn on current for the high-side MOSFET is similar in value,
but is mainly supplied by the bootstrap capacitor. However, the
bootstrap capacitor must then be recharged from the VREG regu-
lator output. Unfortunately, the bootstrap recharge can occur a
very short time after the low-side turn-on occurs. This means that
the value of the capacitor connected between VREG and AGND
should be high enough to minimize the transient voltage drop on
VREG for the combination of a low-side MOSFET turn-on and

a bootstrap capacitor recharge. For block commutation control
(trapezoidal drive), where only one high side and one low side

is switching during each PWM period, a minimum value of 20 x
Cgoor 1s reasonable. For sinusoidal control schemes, a minimum
value of 40 x Cgpqr is recommended. The maximum working
voltage of the VREG capacitor will never exceed Vygg, so it can
be as low as 15 V. This capacitor should be placed as close as
possible to the VREG terminal.

Supply Decoupling

Since this is a switching circuit, there will be current spikes from all
supplies at the switching points. As with all such circuits, the power
supply connections should be decoupled with a ceramic capacitor,
typically 100 nF, between the supply terminal and ground. These
capacitors should be connected as close as possible to the device
supply terminal, VBB, and the ground terminal, GND.

Power Dissipation

In applications where a high ambient temperature is expected, the
on-chip power dissipation may become a critical factor. Careful
attention should be paid to ensure the operating conditions allow
the AMT49107 to remain in a safe range of junction temperature.

The power consumed by the AMT49107, Pp, can be estimated by:

Pp =Ppius + Pcpump + Pswircrive
Ppas = (Vg % Igp)

Pepypp = (3 % Vip) = Vree) * Lave
Pepymp = ((2 * Vp) = Vrea) * Live

PCPUMP = (VBBf VREG) x [AVE

(for Vg <77V)
(for Ve <167)
O(br VBB > ]6 V)
where: Lyyp = Ogare X N * fpwm

Psyircrne = Qcare > Veeg X N % fpyy % Ratio
10

(RGATE + 10)

and N = number of MOSFETs switching during a pwm cycle.

where:  Ratio =

ALLEGRO
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INPUT/OUTPUT STRUCTURES

CP3 CP1

Figure 14a: Supplies
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Figure 14b: Gate Drive Outputs

SDI
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Figure 14c: Logic Inputs with Pull-Down
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Figure 14d: Logic Inputs with Pull-Up
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Figure 14e: HV Logic Inputs
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Figure 14f: DIAG Output
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Figure 14g: SDO, SxL Outputs
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For Reference Only - Not for Tooling Use
(Reference DWG-0000378, Rev. 3)
Dimensions in millimeters
NOT TO SCALE
Exact case and lead configuration at supplier discretion within limits shown
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Exposed thermal pad (reference only, terminal #1 identifier appearance at supplier discretion)
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Reference land pattern layout (reference IPC7351 QFN50P700X700X100-49M);
all pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary to
meet application process requirements and PCB layout tolerances; when mounting
on a multilayer PCB, thermal vias at the exposed thermal pad land can improve
thermal dissipation (reference EIA/JJEDEC Standard JESD51-5)

@ Coplanarity includes exposed thermal pad and terminals

A Branding scale and appearance at supplier discretion

Figure 15: EV Package, 48-Pin QFN with Exposed Thermal Pad and Wettable Flank
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AMTA49107

Automotive Three-Phase MOSFET Driver

Revision History

Number

Date

Description

May 29, 2020

Initial release

July 8, 2020

Updated Pull-Up On-Resistance maximum values (page 7), Reset Shutdown Time maximum value
(page 9), VDS Threshold High-Side and Low-Side values (page 10), VDS and VGS Qualify Time
values, DIAG Output: Temperature Sink Current values, DIAG Output: Temperature Source Current
values (page 11); added footnote 13 to Temperature Warning Threshold, Temperature Warning
Hysteresis, Overtemperature Threshold, Overtemperature Hysteresis (page 11); updated Bridge:
Phase Disconnected section (pages 36-37).

March 2, 2021

Updated Selection Guide (page 2); added Logic Truth Tables footnote (page 16); updated Turn-Off
and Turn-On Time test conditions (page 7), Phase Output Leakage Current minimum value (page
8), Input High Voltage test conditions and values, Input Pull-Down minimum value (page 9), VCP
Undervoltage Hysteresis maximum value (page 10), VDS and VGS Qualify Time values (page

11), Sleep Mode section (page 24), Motor Winding Considerations section (page 32), and Supply
Decoupling section (page 65).

March 9, 2021

Added footnotes to Logic Undervoltage (page 10) and DIAG Output: Temperature Range and
Temperature Slope (page 11); updated Config 13 (page 44)

March 10, 2021

Removed Open-Load Timeout characteristic (page 11)

March 31, 2021

Updated ASIL status (page 1)

April 5, 2022

Updated package drawing (page 67)
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April 10, 2025

Updated ASIL logo and bullet (page 1)

Copyright 2025, Allegro MicroSystems.
Allegro MicroSystems reserves the right to make, from time to time, such departures from the detail specifications as may be required to permit
improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the
information being relied upon is current.
Allegro’s products are not to be used in any devices or systems, including but not limited to life support devices or systems, in which a failure of

Allegro’s product can reasonably be expected to cause bodily harm.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems assumes no responsibility for its use; nor
for any infringement of patents or other rights of third parties which may result from its use.
Copies of this document are considered uncontrolled documents.

For the latest version of this document, visit our website:

www.allegromicro.com
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