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MAX12900

Absolute Maximum Ratings

VCC 1O GND ... -0.3V to +40V
VCC to VCCI ....-0.3V to +40V
VCCIl and VCCID to GND ......cccvvveiiiiieeeieeee e -0.3V to +6V
VCCItO VCCID....oce e -0.3V to +0.3V
VDD t0 GND ... -0.3V to +6V
PWRGOOD t0 GND ..o, -0.3V to VCCI + 0.3V
LDOFB t0 GND .....ccvvveiiieeieeeee e, -0.3V to VCCI + 0.3V
I/C and REFGND to GND .......cccoveeivviieeeeeiieen, -0.3V to + 0.3V
SHDNtO GND .....ooviiieeeeeeee e -0.3V to VCCI + 0.3V
REFO t0 GND .....oocoviiieiecieeeeeeee e, -0.3V to VCCI + 0.3V
Op Amps

OP10, OP20, OP30 to GND. ................... -0.3V to VCCI + 0.3V
OP1P, OP1N, OP2P, OP2N, OP3P,

OP3N to GND........cceeeneees -0.3V to min [4.5V, VCCI + 0.3V]
Current into OP1P, OP1N, OP2P, OP2N,

OP3P, OP3N ..x20mA
Current into OP30........c..ooiiiiiiieieeeeecee e +30mA
Output Short-Circuit Duration for OP1 and

OP21to VCClor GND ..., Continuous

BEREN4~20mMAE S-SV RIVE

Comparators
COMP1P, COMP1N, COMP2P, COMP2N

O GND oo -0.3V to VCCI + 0.3V
COMP10, COMP20 to GND...................... -0.3V to VDD + 0.3V
Current into COMP1P, COMP1N,

COMP2P, COMP2N ......cooiieeeeeeeeeeeeeeeeeeeeee e +20mA
Output Short-Circuit Duration to

VDD or GND ... Continuous
PWM Conditioners
PWMAP, PWMBP to GND............ccccceee..... -0.3V to VCCI + 0.3V
PWMAO, PWMBO to GND ....................... -0.3V to VCCI + 0.3V
Current into PWMAP, PWMBP...........coooiiiiie, +20mA

Output Short-Circuit Duration to VCCI or GND......... Continuous

Continuous Power Dissipation (Tp = +70°C,

derate 35.7mW/°C above +70°C)......cccccccecvvrerrnns 2857.1mwW
Operating Temperature Range -40°C to +125°C
Functional Temperature Range

(Startup condition) ...........cccociiiiiiiii, -55°C to +125°C
Maximum Junction Temperature ..........ccccoecveeeeiicieeennnns +150°C
Storage Temperature Range .

Soldering Temperature (reflow)..........ccoovveveenienecneene. +260°C
Lead Temperature .........coccoveeiiiiiiiiiinieeee e +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these
or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

Package Information

32 TQFN
PACKAGE CODE T3255
Outline Number 21-0140
Land Pattern Number 90-0015
Thermal Resistance, Four-Layer Board:
Junction to Ambient (6,4) 40.2°C/W
Junction to Case (6,¢) 2.0°C/wW

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/jp/packages. Note that a
“+”, 4", or “-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing

pertains to the package regardless of RoHS status.

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/jp/thermal-tutorial.
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MAX12900

Electrical Characteristics

Voltage Reference

BEREN4~20mMAE S-SV RIVE

Vel = +3.0V to +5.5V, Vgnp = 0V, Ta = Tmin to Tmax, unless otherwise noted. Typical values are at Tp = +25°C, V) = +3.3V.

(Note 1)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
VOLTAGE REFERENCE 2.5V
STATIC
Supply Voltage Vcal Guaranteed by line regulation test 3.0 5.5 \%
Ve Line Regulation AVREF | 3 0v < Ve < 5.5V 20 140 MY
AVcci
- - AVREeF/ -
V¢ Line Regulation AVee 4.3V = Vo =36V, Vg =3.3V 1.2 nVv/V
Output Voltage VouTt Tp=+25°C 2495 2500 2.505 \Y
Output Voltage _ o
Temperature Coefficient TCVour CreF = 2nF (Note 2) 2 10 ppm/*C
Temperature Hysteresis AVREF/ C =2nF -140 m
p y Cycle REF pp
. AVREf/ .
Load Regulation Alo Sourcing 0V < IgyT < 500 pA 0.14 0.6 MV/PA
uT
Short-Circuit Current Isc Short to GND 3 mA
Maximum Capacitive
Load CREF 2 nF
DYNAMIC
Vel Ripple Rejection \</F::ECF|/ Vel = 3.3V, f = 120Hz 90 dB
Ve Ribple Reiecti VREF/ = = -
cc Ripple Rejection Voo Ve =12V, Vel =3.3V, f=120Hz 160 dB
[ 1 H [
Turn-On Settling Time - From 9_0 % of V) to within 0.1% of VRgF, 85 us
CREF = 2nF
. 0.1Hz to 10Hz 40 MVp-p
Noise Voltage €REF
10Hz to 10kHz 125 HVRMS

www.maximintegrated.com/jp
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Electrical Characteristics (continued)
PWM Conditioners

Vel = +3.0V to +5.5V, Vgnp = 0V, outputs connected to 100kQ in parallel with 10pF terminated to VRgg/2, input pulses have 10ns
rise and fall times, PWM period = 100pus, Ta = Tpn to Tmax, unless otherwise noted. Typical values are at Tp = +25°C, Vg = +3.3V.
(Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
PWMA, PWMB
STATIC
Supply Voltage Vcal Guaranteed by PSRRyoH test 3.0 5.5 \%
Vel Supply Rejection
Ratio of Input Threshold PSRRy1H | 3.0V <V 5.5V 65 dB
Voltage
Ve Supply Rejection
Ratio of Input Threshold 4.3V <Vgoc =36V, Vg =3.3V 150 dB
Voltage
Vel Supply Rejection
Ratio of Output Voltage PSRRyoH | 3.0V =V =5.5Y, no load 59 75 dB
High
Ve Supply Rejection
Ratio of Output Voltage 4.3V = Ve =36V, Vg = 3.3V, no load 160 dB
High
Input Voltage Range 0 Veal \
Input Voltage High VIH PWMAP, PWMBP, SHDN 14 \Y,
Input Voltage Low VI PWMAP, PWMBP, SHDN 0.6 \Y
PWMAP, PWMBP Input
Threshold VTH 1.0 v
PWMAP, PWMBP Input 1 mV
Threshold Accuracy
PWMAP, PWMBP
Hysteresis PWMhvs 5 mv
SHDN Hysteresis SHDNQHys 50 mV
Input Bias Current Ig VpwmMaP = Vpwmsp = OV -1 nA
Input Capacitance CiN 2 pF
Output Voltage High VoH VREF - VouT, Isource = 100 pA 0.1 V
Output Voltage Low VoL VouT - VenD, Isink = 100 pA 0.1 \%
o PWMAO or PWMBO short to VRgr -12 mA
Short Circuit Current Isc
PWMAO or PWMBO short to GND 6 mA
Output High Level Difference between the voltage of the two 2 +2 mv
Voltage Matching PWM outputs
Output Low Level Difference between the voltage of the two 2 +2 mV
Voltage Matching PWM outputs
PWMAO, PWMBO
Output Voltage High 7 pVv/°C
Drift
Linearity From code 10 to code 245 (Note 2), Figure 1 0.01 %FSR

www.maximintegrated.com/jp Maxim Integrated | 5
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Electrical Characteristics (continued)
PWM Conditioners (continued)

Vel = +3.0V to +5.5V, Vgnp = 0V, outputs connected to 100kQ in parallel with 10pF terminated to VRgg/2, input pulses have 10ns
rise and fall times, PWM period = 100us, Ta = Tpn to Tmax, unless otherwise noted. Typical values are at Tp = +25°C, Vgl = +3.3V.
(Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
DYNAMIC
Propagation Delay t From 50% of SHDN to when PWM outputs 10 S
Active to Shut down SHDN are Hi-Z H
Propagation Delay Shut ¢ From 50% of SHDN to when PWM outputs 10 S
down to Active ACT are active H
Minimum Input Pulse | Single high state, guaranteed by PWM 390 ns
Width PW timing tests
Driver Rise Time for Rra R 7 ns
PWMAO and PWMBO TA T8
Single 390ns pulse, 10% to 90%

Driver Fall Time for Frn F 6 ns
PWMAO and PWMBO TA-TTB
PWMAO to PWMBO .
Rise Time Matching Single 390ns pulse -4 +4 ns
PWMAO to PWMBO .
Fall Time Matching Single 390ns pulse -2 +2 ns
PWMAO to PWMBO Single 390ns pulse, measured at 50% FSR of

. - -30 +30 ns
Delay Matching rising edges

Single 390ns pulse, pulse width difference
between input and output waveforms (measured -30 +30 ns
at 50% points)

PWMAO and PWMBO
Pulse Width Accuracy

PWMAO and PWMBO

Pulse Width Variation Single 390ns pulse 25 ps/°C
vs. Temperature

PWMAO and PWMBO Single 390ns pulse, difference between PWMAO 230 +30 ns
Pulse Width Matching and PWMBO pulse widths
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Electrical Characteristics (continued)
Op Amps

Vel = +3.0V to +5.5V, Vgnp = 0V, Vem = VouT = Veel/2, no resistive load, C| = 10pF, Ta = Tpin to Tpmax, unless otherwise noted.
Typical values are at Tp = +25°C, V¢ = +3.3V. (Note 1)

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX UNITS
OP1, OP2
STATIC
Supply Voltage Vel Guaranteed by PSRRy ¢ test 3.0 5.5 \%
\Figt?(') Supply Rejection | poprveer | 3.0V Vee < 5.5V 62 80 dB
\F/{ggosu"p'y Rejection | psrRyce | 4.3V s Ve < 36V, Vg = 3.3V 165 dB
Guaranteed by CMRR test 01 Vel - Vv
Common Mode Input v Veei 4.5V ' 0.5
Voltage CMR Guaranteed by CMRR test 0.1 w40 v
4.5V =V 5.5V ’
Common Mode .
- < < -
Rejection Ratio CMRR 0.1V £ Vg € min (4.0V, Vg - 0.5V) 56 dB
Input Offset Voltage Vos 1 mV
Input Offset Voltage AVos (Note 2) 15 WV/°C
Drift
0wt Bias Current | -40°C < Tp < +85°C (Note 2) -15 +15 pA
nput Bias Curren
P B -40°C < Tp < +125°C (Note 2) -125 +125 pA
0wt Offset Current | -40°C < T < +85°C (Note 2) -15 +15 pA
nput Offset Curren
P os -40°C < Tp < +125°C (Note 2) -80 +80 pA
150mV < Vout < Vg - 150mV,
) R = 100kQ connected to Vg / 2, 78 dB
Open-Loop Gain AVOL -40°C < Tp < +85°C
-40°C = Tp = +125°C 72
Output Voltage High Vou Veci-Vour, 25 mvV
R = 100kQ connected to Vg / 2
Output Voltage Low VoL Vout - VGND, 25 mv

R = 100kQ connected to Vg / 2

Output Short-Circuit
Current

louT(sc) +3 mA
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Electrical Characteristics (continued)
Op Amps (continued)

Vel = +3.0V to +5.5V, Vgnp = 0V, Vem = VouT = Veel/2, no resistive load, C| = 10pF, Ta = Tpin to Tpmax, unless otherwise noted.
Typical values are at Tp = +25°C, V¢ = +3.3V. (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DYNAMIC
Input Voltage Noise eN f = 1kHz 150 nVAHz
Density
InputICurrent Noise iN f = 1kHz 40 tANHzZ
Density
Gain Bandwith Product GBWP 200 kHz
Slew Rate SR 0.1 V/ us
Settling Time To 0.1%, VouT = 2V step, Ay =-1V/V 25 us
t/loaaxc;mum Capacitive CL No sustained oscillations, Ay = 1V/V 100 pF
OP3 (R = 100kQ CONNECTED to Vcc)/2, CL = 20pF)
STATIC
Supply Voltage Vel Guaranteed by PSRRy ¢ test 3.0 5.5 \%
Vel Supply Rejection | popp oo | 3.0V < Vg <55V 107 dB
Ratio
Ve Supply Rejection _
Rgtcio PSRRycc | 4.3V <Vee <36V, Veg) = 3.3V 195 dB
Guaranteed by CMRR test 01 Vel - v
Common Mode Input v Vel £4.3V ' 0.3
uaranteed by es
Voltage MR | Guaranteed by CMRR test o wo | v
4.3V <V £5.5V ' ’
Common Mode .
- < < -
Rejection Ratio CMRR 0.1V £ Vgm £ min(4.0V, Vg - 0.3V) 105 dB
Input Offset Voltage Vos Ta=25°C, Vg = 3.3V (Note 2) -10 +10 Y
Input Offset Voltage AVos (Note 2) 5 70 e
Drift
Inbut Bias C ) | -40°C < Tp < +85°C (Note 2) -15 +15 pA
nput Bias Curren
P B -40°C £ Tp < +125°C (Note 2) -125 +125 pA
Input Offset Current los -40 pA
Input Capacitance CIN 2 pF
. 150mV < VgyT < VCCI-150mV,
Open-Loop Gain AVOL R, = 5kQ connected to Vg / 2 123 150 dB
; Vcel—Vour,
Output Voltage High Von RL = 100kQ connected to Vg / 2 12 mv
Vour - VGND:
Output Voltage Low VoL R_ = 100kQ connected to Vg / 2 12 mv
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Electrical Characteristics (continued)
Op Amps (continued)

Vel = +3.0V to +5.5V, Vgnp = 0V, Vem = VouT = Veel/2, no resistive load, C| = 10pF, Ta = Tpin to Tpmax, unless otherwise noted.
Typical values are at Tp = +25°C, V¢ = +3.3V. (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
DYNAMIC
Input Voltage Noise eN f= 1kHz 35 nVAHz
Density
Input Voltage Noise 0.1Hz < f<10Hz 0.7 MVp-p
Input.Current Noise iN f= 1kHz 80 tANHzZ
Density
Gain Bandwidth Product GBWP 2.2 MHz
Slew Rate SR 0.7 V/us
Phase Margin 57 °
ﬁ/loaax(;mum Capacitive CL No sustained oscillations, Ay = 1V/V 300 pF

Electrical Characteristics (continued)

Comparators

Vel = +3.0V to +5.5V, Vpp = +1.8V to +3.6V, Vgnp = 0V, Vem = 0V, Ta = Tpmin to Tax, unless otherwise noted. Typical values are
at Tp = +25°C, Vpp = Vg = +3.3V. (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
COMP1, COMP2
STATIC
Supply Voltage Vel Guaranteed by PSRRy ¢ test 3.0 5.5 \%
Supply Voltage Output
Stage Vpp 1.8 3.6 \%
Vel Supply Rejection | popp o | 3.0v < Veg <55V 54 dB
Ratio
\F/{ggosur’p'y Rejection PSRRyce | 4.3V < Ve < 36V, Vg = 3.3V 160 dB
Common Mode Input Vel -
Voltage VeMR Guaranteed by CMRR test 0 13 \%
Common Mode

< < —

Rejection Ratio CMRR 0V <Vcm Ve - 1.3V 56 75 dB
Input Offset Voltage Vos -10 +10 mV
Hysteresis VHys 15 mV
Input Bias Current Ig Veom = 0V -10 -1 nA
Input Offset Current los nA
Input Capacitance CiN 2 pF
Output Voltage High VoH VpDp - VouT: Isource = 100 pA 0.4 \%
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Electrical Characteristics (continued)
Comparators (continued)

Vel = +3.0V to +5.5V, Vpp = +1.8V to +3.6V, Vgnp = 0V, Vem = 0V, Ta = Tpin to Tmax. unless otherwise noted. Typical values are
at Tp = +25°C, Vpp = Vg = +3.3V. (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Output Voltage Low VoL Vout— VenD: Isink = 100 pA 0.4 \%

o Short to GND 2 mA
Short Circuit Current Isc

Short to Vpp -2 mA
DYNAMIC
Propagation Delay Low ¢ CLoaD = 10pF, threshold set to Vg -1.4V, input 9 s
to High PD+ swings from 0V to Vg -1.3V H
Propagation Delay High ¢ CLoaD = 10pF, threshold set to 0.1V, input 05 s
to Low PD- swings from Vg -1.3V to OV ' H
Rise Time TR CLoaD= 10pF 50 ns
Fall Time TF CLoaD= 10pF 50 ns
LDO

Ve = +4.0V to +36V, Vonp = 0V, CLoaDp

Vce = +24V. (Note 1)

= 0.32uF, Ta = TMIN to TMAX: unless otherwise noted. Typical values are at Tp = +25°C,

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS
LDO
STATIC
Supply Voltage Vce Guaranteed by line regulation test 4.0 24 36 \%
Dropout Voltage Guaranteed by line and load regulation tests 1 V
. . Ve from Vg +1V to 36V,
V¢ Line Regulation ILpo = 4mA, Vg = 3.0V to 5.5V 2 25 mV
Output Voltage Vcal Guaranteed by block PSRRycc tests 3.0 55 \Y
Output Voltage Ve = 24V, no load except for LDOFB resistor 35 +35 Y
Accuracy divider, Vg = 3.3V ' ' °
Output Current Range ILpo Guaranteed by load regulation test 0 4 mA
Ve Current Limit lccl Limit | Ve shortto GND 12 mA
Load Regulation \\;gg i\:/scg\l;tlvs Ié\':/)o from OmA to 4mA, 1 10 mV
| = 9. .
Maximum Capacitive c No resistive load except for LDOFB resistor 5 F
Load LOAD | ivider H
DYNAMIC
\Fggt?OS”pp'y Rejection PSRR | Vge = 12V, DC to 120Hz 70 dB
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Electrical Characteristics (continued)
Chip-Level Specifications

Vg = +4.0V to +36V, Vgl = +3.0V to +5.5V, Vpp = +1.8V to +3.6V, Vgnp = 0V, Ta = Tmin to Tiax, unless otherwise noted. Typical
values are at Tp = +25°C, V¢ = +24V, Vpp = Vg = +3.3V. (Note 1)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS

STATIC

VC(O; =24V, VCC|°= 3.3V, SHDN = 3.3V, no load, 170 250 UA
V¢ Supply Current lcc -40°C = Tp £ +85°C

-40°C = Tp = +125°C 265 pA
Ve Supply Current
with PWM Conditioners ICC_SHDN Vee =24V, Ve = 3.3Y, SHDN = 0V, no load 142 uA
Shutdown
Vpp Supply Current Ipb 1 HA
PWRGOOD Turn-on % % of
Threshold Veal
PWRGOOD Turn-off 80 % of
Threshold Vel
PWRGOOD Voltage
High ° VoH Veer=Vour. Isource = 100 KA 0.4 Vv
PWRGOOD Voltage
Low 9 VoL VouT - VGND: Isink = 100 pA 0.4 Y
PWRGOOD Short Short to GND 2 mA

ircui Isc

Circuit Current Short to Vg ) mA
DYNAMIC
PWRGOOD Turn-on From V) crossing turn-on threshold to 07 ms
Delay PWRGOOD high '

Note 1:

Note 2: Guaranteed by design, not production tested.

Specifications are 100% tested at Tp = +25°C (exceptions noted). All temperature limits are guaranteed by design.

0.1ms

4

PWMAP
PWMBP —

|
14— 0.1ms/256

256 STEPS

»!

M1, REPWMS A 2 2 TH
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LOOP CURRENT LINEARITY (%FS)

MAX12900

REEEIE

BEREN4~20mMAE S-SV RIVE

Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.

TRANSFER CHARACTERISTICS
LOOP CURRENT vs.PWM DUTY CYCLE
300 — o0
Vioop = 24V
Riomo = 2500
250 LOAD
z
£ 200
=
&
& 150
(&)
o
o
S 100
50
0.0
0 10 20 30 40 50 60 70 8 90 100
DUTY CYCLE (%)
4-20mA LINEARITY vs.
PWM DUTY CYCLE AND
LOOP VOLTAGE
0.020 . toc04
Vioop = 24V
0.015 Rioap=100Q —
0.010
0.005 /a A
/ vV
-0.005
0010
0015
—16V —24V 32V —36V
0.020 ‘
0 20 ) 60 80
PWM DUTY CYCLE (%)
4mALOOP CURRENT NOISE
DURING SILENCE
OVER 500Q LOAD

toc07

100ms/div
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TRANSFER CHARACTERISTICS
LOOP CURRENT vs. OP3 INPUT
300 . tocO:
Vioop = 24V
Rioap =250Q
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO C| pap = 0.32yF, no resistive load on any output, Tp = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO C| pap = 0.32yF, no resistive load on any output, Tp = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.
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Vce = +24V, Vpp = Veeip = Vegr = +3.3V, GND = 0V, op amp Vcm = VouTt = Vecel/2, op amp C = 15pF, comparator and PWM
CL = 10pF, LDO Cpap = 0.32pF, no resistive load on any output, Ta = +25°C, unless otherwise noted.

Vyvee
2VIdiv

Vieel
20mV/div

220
210
200
190
180
170
160

SUPPLY CURRENT (A)

150
140
130

OUTPUT VOLTAGE (V)

LDO LINE

TRANSIENT RESPONSE

C-COUPLED
Cionp = 0.32pF

100ps/div

QUIESCENT CURRENT
vs. VCC VOLTAGE

toc82

1

_—

| —1

—-40°C —25°C

85°C —125°C

4

8 12 16 20

VCC (V)

24 28 32 36

POWER-UP WAVEFORMS

(VCC, VCCI, REFO, PWRGOOD)

|
/
|
|
[

0 100 200 300 400 500 600 700 800 900 1000

TIME (ps)

www.maximintegrated.com/jp

+V

© s s
[ =N CRIc)

O AN Wk OO N®

1

VCC (V)

BEREN4~20mMAE S-SV RIVE

LDO LOAD

TRANSIENT RESPONSE

l.oo
2mA/div
Vyeel
20mVidiv
AC-COUPLED
Cronp = 0.32uF S
40us/div
QUIESCENT CURRENT
vs.VCC VOLTAGE
195 toc8:
PWM CONDITIONERS
185 SHUT DOWN
175 =
N
= 165
=4
& 155
3 us
sl
8 135
w
125 ———— —
L—1
15
—40°C —25°C 85°C ——125°C
105
4 8 12 16 20 4 28 32 36
VCC (V)
POWER-UP WAVEFORMS
(VCC, vCCl, OP10, OP20, OP30)
6.5 toc86
60 I O
- / 1 1 1 1 1 1 1
55 i VCCl - — opAMP A, = VIV
50 ——OPI0 ez 25V
— | ——0P20 -
S 45 — Vopp=15V
Y ——OP30 o= 165V
2 4.0 ——vee — VOP3P .
g 35
2 30 I
5 25 I
% 20 I I
© 15 ]
10
s U h
g |
0.0
05

TIME (s)

0 100 200 300 400 500 600 700 800 900 1000

© = s
[ JR=NE o)

O AN Wk OO N®

1

+4.0mA

+0.4mA

VCC (V)

PSRR (dB)

SUPPLY CURRENT (pA)

OUTPUT VOLTAGE (V)

220

210

200

190

180

170

160

150

140

LDO VCC SUPPLY REJECTION

RATIO vs. FREQUENCY

toc81

Cuonp = 0.324F
R, = 510kQ)
R, = 300kQ)
1 100tk 10k 100k 1M
FREQUENCY (Hz)
QUIESCENT CURRENT
vs. TEMPERATURE .
/
A
|1

40 25 10 5 20 35 50 65 80 95 110 125

(vCC, VCCl, PWMAO, COMP10)

TEMPERATURE (°C)

POWER-UP WAVEFORMS

toc!

87

L1

T T T

VCel

——PWMAO

——COMP10

—VCC

|
|
|
|
[

[t

0 100 200 300 400 500 600 700 800 900 1000

TIME (us)

12
1"

O 2N W OO N®

1

Maxim Integrated | 21

VCC (V)


http://www.maximintegrated.com/jp

MAX12900 BERENL4~20mALE T —FTZ U XIYS
EVEE
g
TOP VIEW e £ 822855
S 856585858588
T
oPiIN |25 116 i
opto| 26, | "] i
s | 21 T1a e
PWMAO gg‘ MAX12900 ‘1@ REFO
PwMBO | 20! ! "12| REFGND
PWMAP | 30, | "11] veel
pwiBp | 311 e L10f vee
cowpanf 22 T TelNe
111203405678
SR = B R
58855 ¢
il Sh BB
WFES B SHER
1 COMP2P OAVINL—52ERERA S
2 COMP1N AVINL—F 1 REEAS
3 COMP1P AN —F 1 ERERA S
4 COMP20 aAVINL—52EH
5 COMP10 aAVINL—Z1HEH
6 VvDD JAVNL—5EHADEREE, VDDEGNDEIZO NUFD/NA/NXR AV T FZEBMLET,
7 VCC REBLDOA N DIEDEREE, VCCECGNDBEIZTUFDNA/NZR O F o9 E8mLE T,
8 LDOFB LDO71—R/N\YUEE, VCCIEGNDE DI RS ICERLE T,
9 N/C BHRaL
10 VCCID FTUZIVEBRAN, ZDimFAEVCCIIFEHRLET,
1" VCCI LDOH A, VCCIEGNDEICO.22uFDINA/NXZ AV F o EEMLE T,
12 REFGND REIT7LRTZ2 R, GNDICHEHRLE,
13 REFO REBIT7L 2N
14 I/IC ABEFRIH o —DimFAGNDIC#EHRELF 9,
15 I/IC ABEFRIH o —DimFAGNDIC#EHREL £,
16 I/IC ABEFRIH o —DimFAGNDIC#EHRELF 9,
17 OP3P ZFARF7 T3 EREEAD
18 OP3N ZFRF7 2 TIREEAD
19 OP30 ZFRFTIHAN
20 OP20 FRFT2HAN

www.maximintegrated.com/jp

Maxim Integrated | 22


http://www.maximintegrated.com/jp

MAX12900 BIKEN4~20mAE T — SR IYY
imFeRAA (R =)
BFES &5 e
21 OP2N FRT 2 T2REEAS
22 OP2P FRF T2 REEAN
23 PWRGOOD MAX12900h L P/ IREETH D EBRT 7 T4 T/N\ABHES
24 OP1P FRT7 T 1IEREBAS
25 OP1N FRT7 TN READ
26 OP10 AR T1EAD
o7 SADN PWM:])F»( >3 7%7)77%"47:1:1 —. \i/ii‘y‘f\ﬁrj‘/kjjo ZOmFHO—DIEE. PWMEIRIZ/ T —
oL, BANAAE—S U ZRBEICKEYE T,
28 PWMAO PWMO 7« a3 HhA
29 PWMBO PWMO>7« a3+ HB
30 PWMAP PWMO> 7«23+ AHBA
31 PWMBP PWMO>7« 23+ AHB
32 COMP2N JVINL—52KE AN
EP GND TIORR=AR/INYR, FYTITZUR
e PWMaYFs>at

MAX1290013. BIREH. 5%E4~20mARSZ X Iy
5 TY, MAX12900I3. [AEBREEEEEHELDO. PWMEH
BEAO2DOO /L —5(PWMABLUPWMB)., 220
BRUZN SRABAART7 T (OP1HLV0P2). 1D0DE
ORUTN, [LEEigs 77 (0P3), 2DmekIa
INL—%(COMP1 KU COMP2), /NT—2y R %&E
ZIzERB—T . BIOEBRUTNEBE) 7L R E
WD, 10DEINTA T TOYy oE NNy T —DICAR
LTWEd, IhoDbEILTrI70voE#EREL. 5
FEDOT ) —23 2 AICMAX1 29002 AR HRES
FOMREERBELTDZHDAENHIET,

Eg -9

BE—T T3, EFIFICVCCIARBRMEDIO%ICE)
EIDET, 2ARTUTBLOPWMEAZ/NA A E—
FURITHFL. QAN —FDOHEAZEO—ICHIFLET,
ZD1%. PWRGOODESH 7Y —hah. 2HAITEN
FNOADICE>TCHIBENZE Y, PWRGOODESIF
VCCIN'BRH#RMED 0% IIEL =0.7ms (typ) 7= (T HE
TN, FINARDLFAIREABEA T NDEIICMAX12900
ICEOTHIFHESNDAMIL—TERENNSED I ENFHE
[ZIRVE T,

ot —PpvroO03b0—ZHEEDAZER R IL.
PWRGOODEEEN 77— ENBFTVCCIN' L ERER
ZHEBELTCIESRNEITEERLTLES LY,

www.maximintegrated.com/jp

PWMI T arid. ANWHRL YL 3)LREBEMTD
BEICTSVRLANIVZEER L. ADHRL Y2 3)LRERE
MU EDBEICVRerZEMR L E . PWMIAV T 3713,
SHDNIf FZO—(CRET DI EICKDT/NT =5
BETY, v yhI IV PWMEBEAE>NAA 2 E=F >
ATY,

REBANRFPT(OP1, OP2)

SREB 77> T(OP1ELUOP2) IS, KENEBREE.
BAHNATRER. L—IL - Y— - L—ILHED. LV
SHBERICHTDEALLRONE51ERE(GBWP) % i
ZTWET, TNS>DCMOST/NAZ1F. 85CTRA
15pADBEANNA T IABREREELE T, InSD
FINA Z13200kHzDGBWPT 1 Z 5441 > REL. &
K100pFOEEMEaFmZRELET, ANDIEVE—RE
FEEE TS5 RIAT100mVETEAY, BRizJEY
E—RBREEHBZTIET, OP1BIUVOP2A R T3,
100kQ&am cEADEREL —ILD25mVIARIC K AER
BRRET Y, AT TDEN)VIBBIZEELTHED
BEICKOTRFEY, 2I—L—MIBRENET,

SNAART TS PWMIAILE UZT 7457
FrF)7EEFY N FIL—yOMO—FE0L
TERATRETY, [7TUT—2a BRIDIEESRELT
S

Maxim Integrated | 23


http://www.maximintegrated.com/jp

MAX12900

EORUTMEHEEA X727 (0P3)

AR TN ILHEEA T TDOP3IE. EFML A —
PEOFEZERLT BNROBENTERELE/AX
ZRBELIY, BEANATEYIEE. AT7EYNRUT
bo BIUN//AZZEDT, FBICESRBEDERNZ
AV DBRNEEETT, BCGBWPICEDT. KUIAL
BIREHEHTD /A ZE RN T EE TS, OP37 > JI3HA
TL—Ib - Y= L=ILDOHREZRIRLET,
ZLDAXTVTTIE, REVWBEMERFEZREITDER
BEMDERERAICIEIET, OP37 T3, |RA300pFD
BEMBHCRELE T, ATV TDHEAHEBEIIHEE
BMEEMIDIEIILDT SUSNERERERTOR
EMZE ESEDIENTELT,

ErUIF2.5VEREY77L 2R
SRENRFL YT T7 LS. BB OHERMIED
BEL——NJIVTEINBBRIEREZERID &I
FOT 10ppm/CUAT DR VEEFZREZRIRL. VEIREE
130.2%LARTY, CDUT7L 2 XIIEwAR500pAD L
IBEFXOV—ZANHEET, BBET7 )T —23 > TOFE
BISBELTWEY, 2DUT7LURIE. BR2NFOBEM
BFICHLTEELEY, BEHNRTYTEEHIDT7 T
T—23 Tl AT UHIIEDTH—/N—a—b
(FET70F—21—MNDEZRKBL. BIEROBEGE
BT BHIENTEEY, ZOUTFL RIS, 220pus
(typ) THEEBN L CRARMEDO. N1 % LARICRZELFE TS
RAEBaAVNL—%

a2/ —%COMP1 8L U'COMP21Z. 2usDI=IEEE
EHBATNET, 2DDEFIOL—ILAENRZENOI /N
L—%ICEELEX Y, ASERIZ3.0V~5.5VDVccITEY
EL. BARZA/1NE1.8V~3.6VDOVDDTENMEL F 95
ZNIZEDT, YAoO0dVNO—SEDERZIERRN AL
TY, REHEARZA/NT. FXK100pADERICTTLT
L—Ib Y= L=IVHHRAIHEEETY, mADI
INL—=HFI3, BRED VIBLVOVY—RIBDTyvaTIL
HAOERELF TS

www.maximintegrated.com/jp

BEREN4~20mMAE S-SV RIVE

INSDTNNAZDAAIEE—REBEEREEIL. OV~
Veel - 1.3VICh7z2Th&E Y. MAX12900D2/XL—
3. INSDOHERADESDEEANBETEERBE
TYo ANNATZBRIIINAL T (typ) TTo

Znosod2/X\L—513. VCC. VDD. F/zI3VREFEXE
ERIIIZDMOZHHMEEICERTRET. RT—YX1E
wevA/oOOYMO—ZICRHLET,

LDO

MAX12900D 23V R—> > M. 4.0V~36VD AL
VCCEBENS3.0V~5.5VDVCCIEEREZL T D ANE
LDOICELDTHEESNE Y, ZDLDOWE. BRLI7FO0
EEBADI) -2 EERZRMLI T, LDODHIIHMT
ITHEFIUICEOTRESN. RXZEOTERITDIENT
EESEN

VouT = 1212V x(1 + R1/R2)

22T, 1.212VIRER) 77 L RBET. R1BKIUR2
[ELDOI—THBLBHD T4 —R/INY UBEERMT
DEMDEREERLET(EET7 T )r—23 DR %
208), R213. 470kQF=IF3FNUTICTDZENHE
N9, /=&xld. VCCl = 3.3VDisE. EE£RNKE1%
E96#EH ) —ZDEH SR = 698kHBLVR2 = 402k
HERATDIENTEZET,

P)r—2a g
PWMADEEAI=IV—THRE4~20mAE Y —
FSURZIYH
W—THBA~20mALE U — S VR I VYDA EER
REDIDER2ICRLET, ZOF7 TV —23 > ET
JAoO3YMO—SHSOPWMARNIEO Y Tr 23+
SOTBESIN., OP1 AR AIZLOTIMILIENT,
FPFHFAOJERICEBREINE T, RICZDEEIFE. OP3,
AMIFR S D25Q1 . BELOERGHIEIARSENSEICE D
T4~20mADI—TERICEIRINET

Maxim Integrated | 24


http://www.maximintegrated.com/jp

MAX12900

BEREN4~20mMAE S-SV RIVE

[%2]
I
O
Z|

PWMAP

PWMBP

D1
R17
MAX12900 ’ e K/
VCCID PWRGOOD VDD o 100
POWER-UP g
SEQUENCER
vee
EP REFGND VCCl
* toorg | LPO
c
R1
R5
—AA—e
22.6k
c2
PWMAO R3 22.6k 4-20mA LOOP
—-—- A \\—4¢ R2
PWMBO R4 1.5M
PWM — AM—9
R7
E C3 100k
REFO/2 R9
AMN—
294k Q1
R10
294k
REFO
2.5VREF
RSENSE
C5 24.9
vCel FSK_OUT | R R13 1
> F—w A

l 511k 24 .9k //

COMP2N
- COMP20
coupp |
vee
COMP1P
+ COMP10

COMPIN |

www.maximintegrated.com/jp

2. 2DDPWMAN ZBA o )L—T#EB4~20mA NS VR I v H

Maxim Integrated | 25


http://www.maximintegrated.com/jp

MAX12900

ZOEEOMEERIS. UTFOESLITT,

NAMUR/N—>7 I N &SI —TEREEH2.5mA~
27 5mATZERELE 9. RsenseEinA24.9QTIL—7
BREEN2.5MA~27.5mADIEE. OP3MDIEREZA S
(OP3P)Id62.25mV (2.5mA X 24.9Q = 62.25mV)~
684.75mV (27.5mA X 24.9Q = 684.75mV)DEEH
lcLT<LEElby,

na7 7tV bER(offiset) & BRICEBIN-PWME
S(lpwma. IPwmB)D. 2DDE A H B £,

lioop = loffset * IPWMA + IPwWMB
£E#E. PWMEBSNHIL—TEBRICFSLENWNERETD
ECRKDELSIZ2.5mMADNEBA TV NERN T 7
LOREBEICEODTERENE T,
REFOxR13
R8XRseNSE

loffset =

PWMEIL. UTFICEDTEALNET,

PWMADC x REFO x [%

R7XRseNsE
R5

R4
R7xRseNSE

xR13

lpwmA =

PWMBDC x REFOx xR13

IpwimB =

ZZT. PWMADCEH KU PWMBDCIFPWMD 71— 7+
YA T,

www.maximintegrated.com/jp

BEREN4~20mMAE S-SV RIVE

PWMB LU O—/NR 71V 5% ERTSDACRE
YAo7OONO—-Sh R EINZ U —F =3,
HBLUMOPWMESICAEITEIENTEZET,
HELOMOBmADERIT. BASE Y NDAEREEZ KA
BZENTEFEY, RIC. PWMESIZLPFANLTEBEL
NIVERRICEBRESNE T, MAX12900h 5 DPWMEH
3. BX1:256DLEEHA-2DOFEBEHEEIRAENL
TLPFICEHEENE T, LPFOEATOEREL NIV,
PWMD T 1—FA A 2B L&,

27 7)r—2avRiE. 148 Y M REEDES R
DEEERLTINET, PWNMAPAAIZBE Y M fREE
HESEZEL. PWMBPANIIGE Y M EREEDMIES
EZELTT, 2DDOFEREEMICIT1:66D A ER
TINTLET,

HDOFEII22.6kQ DR EFEMR3IE22.6KQD T —K
N OBMREOZFERLTIRES . MDFIEIE1.5MQ
DFEFEMRAZEABLTI/66ICRESNTIVE T, 2D
DPWMEAIZOP1M22.6kQMD 71 —k/\Vy TR %
TLCERENE T,

PWMBEREE L O TAIETDINTA—=5IL, 4~20mAE
RIN—TD/AXBHEFB T BELNHIET, ZDOBIT
I3, PWMELREIS 10kHZ T, 4~20mAR SR IvHIT
HARTEEZ /=T KD ICEREt SN TILNE T, Leh' DT
BEROERI—TDILFZ/ A XE138mVRMsIA T T,
M/ 1 ZX(500Hz~ 10kH2) (3500 Q DIV —T&FIC
FLT2.2mVRMSI R THDREN HWF T, /A XL
TN T2.2mVRMsICIEIRTD72oH1C. LPRIZ/ A X
Z60dBM E(2.5V/2.2mV = 1136.43 /=136 1dB)##|
TORENHIE T, ZDID. LPFDY b7 TREIRE
IS70HZLA R CO =)L A TEF Z240dB/decadelC LT
o OPTS2ZIRVIVF T4 —R/INY ILPFZRELE T,

Maxim Integrated | 26


http://www.maximintegrated.com/jp

MAX12900

BEEFEEHRY—R

WNEA X7 TDOP3I3. SMIITEREBNZ RS
QIEHAEDLECEREBEFHERY — X Z2XEKTD
ZENTEF Y, QNEN-MOSFETE 7213/ 31 7R—ZNPN

hSUOZEDNTNMNCTDIENTRET, BRIL—T

DE—JEEPLHEBESHORELRB-IDELHY)
F9, OP3BLTQTIE. DHDATITEREDHEASH
BT, ERIN—THEDORERA VMEREMHLET,

W—TERZHE

F2n7 T )4r—23 T E20RB7 > 7(0P2)I13
BERZKICERSN, v/oO3MO—3DT71—k
N DRBHLET,

oY —&DIEE

MAX1290013 RV — btz —%20EICERSSNTIFE
ITH. HOWBIEEO L - S VRAIVSEDEAE
hETHERRETY, AV—hEoH—&I3, v1o0
dohO—2WEL. UZF77FAOTFIFPWMDINT
N DOHNZREITDEENZRBATNDIEEZEKRLET,
NSRRI YHDMBEBE RN AMALITOIES., Y —
BLUOFTUZIWVDDEBRANDENIIVCClimFH O EIEH
HBIDIENTEET, FSURIVIHAMANL L ERE
ETBIEE. MITODC-DCRAYF T AVIN—F &

www.maximintegrated.com/jp

BEEHA~20mMAE T —hZ U RIYE

FHIDZENTEZY, H3D7 T U r—3EgIT
ZFOEOEFIABERLTHY.OP2H) Z7EEL 2
L—%&ELTHRIBEEN. DC-DCOV/N—hvrorOd
NO—ZICHRELVDDERIHFZEHLE I,

PR eI —THRE4~20mANS VR IV S
LU A RERMIIIERREDSH DMERICEFEIND
. BIMOFRESmMEER L TRBIICIIEERREIC
SOBIIRIF—ZHRL. BEMERIDAENDRE
EBDRAN=DEBIETDRENHIE T,

HAlE, BREBECOREEE LS LT TUr—2ay

EEERLCNET, BTS2 AIYINDERT
FIVF—EFIRT D=0, BINDRZOZA5Q2H K
I I F—F1F—REmMEnc£d, 8F. VI +H—
FAF—=RIIBV~12VD OS> TEBEZHATINE T,
ZOBE. Q1BXUQLOEEDNZ VORI N EIRDE
//lbﬂnﬂgﬁ ICBIET, §5t4~20mADIL—TERIZ
VIF—FAF =K Q1T IR5, LU Y — %
NUTHENDERDITY, [SERFEIIHIRETICED
THREINZY, HEEHORESIIQ1. Q2. BXVY T
FT=FAF—RENLTHEEINDH. D RTLERED
FIEBR(CRIFET,

Maxim Integrated | 27


http://www.maximintegrated.com/jp

MAX12900 BEREN4~20mMAE S-SV RIVE

TO SENSOR/ vop RLM OPTIONAL
MICROCONTROLLER % VvV DC/DC
D1
Q2
o o ! //
7 N7/
R17 R14 (o=
100 vVCcC
LDO Ve vCCl
Ccé LDOFB 1 R15
R1
g MAX12900 OPIN
- 0P20
opap | OP2 Q3
R2 t
R5
AMA—o
22.6k \/
c2
PWMAP PWMAO R3  22.6k L REFO 4-20mA LOOP
— ———AMA—4
PWMBO R4 1.5M
_PWMBP | PWM [ ——AN—9
SHDN _
! REFO/2
Q1
REFO
2.5VREF
RSENSE
c5 249
veel FSK_our | R16 R13 //
| AN AN ® //
511k 24 9k
COMP2N
- COMP20
comp2p |
VCC
COMP1P
+ COMP10
COMPIN _

3. NAPEELF 1L —FEHAIIL—THEELI~20mMANS VIV E

www.maximintegrated.com/jp Maxim Integrated | 28


http://www.maximintegrated.com/jp

MAX12900 BEREN4~20mMAE S-SV RIVE

RLm

TO SENSOR/
- \WA—
MICROCONTROLLER R18

D1 D2 D3

v

R17 Q2

100 vee

veel D4 (D5 | D6
LDO > o veel
cé LDOFB o1 >
R1
MAX 12900

% R2
R5 L
—A—e §R19
22.6k _L
c2

PWMAO R3 22.6k

/_

<H
<

4-20mA LOOP

PWMAP

—VWA\—¢

PWMBO R4 1.5M
_PWMEP | PWM [—AWWA\—
SHDN —

REFO/2

Q1

REFO
2.5VREF
RSENSE
c5 249

veal FSKQur | R R13 //
_>_| | A% AN /

511k 24.9K

R14

COMP2N AN
COMP20 Ri5 100k
——————M—
comp2p |, At
vee OP2N
OP20 | TOMICROCONTROLLER
COMP1P opop | OP2 ——
+ COMP10 +
COMPIN | %7_

4. BRSERIRAODIL — T1a84~20mA RS2V Iy Y

www.maximintegrated.com/jp Maxim Integrated | 29


http://www.maximintegrated.com/jp

MAX12900 BEREN4~20mMAE S-SV RIVE

BE
PART PACKAGE BODY SIZE PIN PITCH TEMP RANGE (°C)
MAX12900AATJ+ TQFN32 5mm x 5mm 0.5mm -40 to +125
MAX12900AATJ+T TQFN32 5mm x 5mm 0.5mm -40 to +125

+(38A(Pb) 7 1) —/RoHSH#H/ S r — R L E T
T=5—7&U—)

Fv 15
PROCESS: BiCMOS
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