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Quad, High-Side MOSFET Drivers

General Description

The MAX620/MAX621 incorporate four MOSFET drivers
and a charge-pump high-side power supply to power
hrgh-side switching ard control circuits.  The charge
purrp delvers a regulated output voltage 11V greater
than Ve to the drivers, which then transiate a
TTL/CMOS input signal to a norirverted output that
swings fram ground to the Pigh-side voltage. The out-
puts drive N-cranrel FETs in high-side or 'ow-side
switchirg applications, including a wide range of line-
and battery-powered applications.

The MAXB20/MAX621 are microprocessor compdaiible and
feature undervoitage lockout capability. This lockout
jeature inhibits the FET driver outputs until the high-side
voltage reaches the proper level, as indicated by a
Fower-Ready output.

The MAX620 requires three inexpersive charge-pump
capacitors.  The MAXE21 has internal capacitors—no
external components are needed.

Applications
Portable Camputer Battery LLoad Management

High-Side Power, N-Channel MOSFET Switching
Low-Side Switching from Low Supply Vo'tages

Quad-Latching Level Translators
H-Bridge Motor Dr'vers

Features

4 Wide Operating Voltage Range

4 Minimum Component Count

4 Output Voltage Regulated to Vcc Plus 11V (Typ)
4 Low Quiescent Current — 70uA (Typ)

¢ Undervoliage Lockout

4 Power-Ready Qutput

4 Internal Quad Latch

Ordering Information

PART TEMP.RANGE _ PIN-PACKAGE |
MAX6ZOCPN _ UC:0+70'C__ 18PasicDl |
MAXE20CWN  0'Clo+70'C  'BWideSQ |

| MaXe20CD  0Clor70C  Deo”
MAX620EPN  -40°'Cio 185C 16 PlasicDP |

MAXG20EWN  40'Cro+86°C  18WideSO |
MAXG21ICPN _  GClo+70C_ i8PlasicDIP

[ MAXB21EPN  ACClo+85C  18PastcDIF |

*Contact factory for dice specifications

Typical Operating Circuit
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MAX 620/MAX 621

Quad, High-Side MOSFET Drivers

ABSOLUTE MAXIMUM RATINGS

Voo ... Y Cantinuous Power D ssizalon {Ta = +70°C)

Y+ to GNLJ ..... e Lo 30V Plastic DIP (derate 8mW;'C above +70°C) ... .. ... 640mwW

inputs and Driver Outpul" ....... ((;ND 0 ?V] to (\r+ +0.3V) Wide 5Q (derate 9.52mW/"C above +70°C) . ... ... 7EZMW

PROupul ... .. (C:-ND -0.3V) o (Voo + 0.3V) Ope-ating Temperature Ranges:

Canlinueus Driver Output Careent . . Lo 2armA MAXB2 C e CCte+70C

Vi Qutout Current (MAXE20 Oc ) ... o 25mA MAX62 E  _ e . ACCte +85C
Storage Temperature Hawge . -6 ‘Cto +160°7T
Lead Temperawre (So'dering, 10sec) .. ... ... ... +300° C

ELECTRICAL CHARACTERISTICS

(Voo = 8V, Ta = TMIN to Tmax. uiless oticrwise roted.)

¢ 40 the device

These are sir0ss ratings oriy, and funclivi
tions of ahe spcctcations

sl impied. Cxposure (G

PARAMETER SYMBOL | CONDITIONS MIN  TYP _ MAX |UNITS |
Suoaly Vollaye Ve I i _ | 45 16.5 i v
lout =0, Voo = 4.5V . _
C1 - C2'= 0.04/yF, C3 = 1yF e s 7e
lour = 0. Vo = 185V g 5
268 275 29.5
High-S ce Vokage (Nole 1) Ve | €1=C2=1001ul, C3 = 1pF {Nole 2) J Vv
loLT = 2‘:011/'\ Voo = by, |
C1 - 02 = 0.04747, C3 = 14F v 18
louT = 500uA. Ve = 16.5V, ot = ]

3 - | CT=co=comnCa s 1 (Noe 2) Wb o@ms WS
Power-Rezay |hresnold PRT lout = IOOpA Sink (Notes 3,4) 120 13.5 w5 | v
Power-Ready Outpul High PRoH | ISQURGE = 100pA (Nole 4) B 38 4.7 50 Y,
Power-Ready Qutput Low PR I5INK = 1™MA (Nate 4) Q.1 04 V
Sv»ic.ﬂing I—requen_cy o lg;l 0. Ta= 1«?5"0 ) 70 I K7

Voo - 8V |
WMAXE20 C1 - C? =0.047uF C3 = "pF,
| TAzescior=0 70 500
Quiescert Supply Currert I MAXE21 \ vog =5V, Ia= +25 C.lo lour =0 pA
Voo = 16. D‘J ‘
MAX620 C° =C2=0.01u% C3 = 1uF _ .
_, Ta=+25"C.loui =0 (Note 5) S0 88
’»MAXSEI I Voo - 18 bV Ta=125C, lou™ = l)
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Quad, High-Side MOSFET Drivers

ELECTRICAL CHARACTERISTICS (continued)

(Voe = +5V, Ta — Twin lo TMAX, Jn.ess ciherwise noted.)

PARAMETER
HIGH-SIDE DRIVERS

_Input 'rreqhnld Low

|_pul Threshold Higr
Inpur Bias Currert
Chip Enable treshold Low

Chip Enav'e Threshold High |
Min mum CE Pulse Dural on

Pall- Down Current
Dala-Hold Time
Data Set-Up Time

Data-Dec ay T me

Drver Quiput Rise Time

| symsoL CONDITIONS MIN_ TYP  MAX ' uniTs '
v Ve __J; I *

V[H B o ) 24 _ _V

B Tovevin<sy ) 00 00 rA

hEm o - 08 vV
CEi_ EX 74

Tcr 100 50

_Ir_:.: o __10 o p‘

TOH o 1u_ 10 o g

Tl Tse T o 50 160 | s

Ton | Ver=0OV.Co =120 o 150 ns

R e S A | us
T Ci = 1000pF - 25 | ws

Driver Outp t Fall Time

Note 1: High-Side antage (V+} is available only on e MAX&20 ana is measted w it rescect 1o GAD. V- on tne MAXE21 s

meoasuren a* an ur'oadeo outpu’. Capaciior values histed in tne test cond tons apply 1o the MAXB20 or'y,
Note 2: For Voo > +13V, on the MAX620 only. use C1=C2 = 0.01pk. C3 = 1l
Note 3: Power-Ready Threshole is (e vo'tage with respect to GND a: V= when PR sw tcnes high (PROH = Voo
Note 4: For the MAX621, the Powcr-Reacy levels are tested al wafer soLonly.

Note 5: The MAX620 is toslec for cuiescert current at ~

16.5V using CG1 -

zbove +13V, C1 and C2 must not exceea 0.01pF.

MAX620 QUIESCENT SUPPLY
CURRENT vs. C3 CAPACITANCE

W T
=z J‘CL 15V
EREET o TS
= .
£ a0 -
z 1wt — 5
£ 2
2 g
=z
= A" = 12570
w 50 lowgy -1
3 ALL NPUIS =
. ALL OPVERS L hLcADED
12 3 4 5 6 7 & 4 10

CACAPALTANCE (uih

MAXIMUM S CHING RATE {kHz}

MAX621 MAXIMUM SWITCHING RATE
vs. Voo SYNCHRONOUSLY DRIVING

40

s
=

ALL FOUR INPUTS

Ta -0 ’
CLaD - 15000F
MFACHDRIVER), —

THI POINT WHFRI DRIVER
QUTPLY AND Vs LOADING
FULLS ¥+ TS 237 (Yoo 1 8.5}

NOTE: THE MAKIMLM SWITCH-
ING RATE OCCURS JUST BELOW

i o5 9 113 1

YooV

MAXIVIUM SWICHING RATE tkHzi

C2 = 0.047uF 1 minimze lest time. In normal oueration

Typical Operating Characteristics

MAX620 MAXIMUM SWITCHING

RATE vs. Vcc SYNCHRONQUSLY
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4@
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S1 G- 0O01uF
%y 10
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Lo |
LOIE THE AXIMLM SWITCH
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L
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MAX620/MAX621

Quad, High-Side MOSFET Drivers

Typical Operating Characteristics {continued)

MAX620 QUIESCENT SUPPLY CURRENT

vs. C3 CAPACITOR VALUE MAX620 V+ vs. louT 7 MAXB620 V+ vs. lout
2 i 0
'4 Yoz - IV [T
- ” T{;3= 10uF - 1:ptr
L A 050 - -
.; P Ed . 15 V i
& L1-C2- ’
g 21 [~ oinpk 15
© = o
> Zo — A . = 00 \ ‘
a - Ce-(2- K3 A7 . !
N | hemr I A il \ -
% | | \ C|.1 U_E ZF— ™
é 1¢ __'CI_—7C2- \ 3 0022y
= 17 | Goczo | |\
] | \ 0310k "\
‘6 12
01 2 245 57 8 3a1MW 602 04 65061012 1216 12 22
3 GAPACITER VALDZ ('} 19T ImA} 10,41 {8}
MAXIMUM SWITCHING RATE MAX620/MAX621 DRIVER RISE MAX621 DRIVER OUTPUT
vs. CLoAD SINGLE DRIVER oo AND FALL TIME vs. CLOAD » RIPPLE vs. Vcc
406 . v X - T ¢ T —C
e TA- 2570 o= 45V [THT a5 | Yooy / / N\ DT
z FNCIE THE MAXIMLY SWITCH | sl -5 QJTFUTS UNLOACED
= ING RATE OCCURS JUS™ 40 | | S
L BIT O THF PO Trua.'vgmg 1 Z a5 / / S
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z a0 PULSY (PRI e - B5Vi B oag || PALTIMES ot &
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Quad, High-Side MOSFET Drivers

Typical Operating Characteristics (continued)

MAX620 MAXIMUM SWITCHING

MAX620 QUIESCENT SUPPLY MAX620/621 QUIESCENT SUPPLY RATE vs. ADDITIONAL V+
CURRENT vs. Vcc CURRENT vs. TEMPERATURE © LOAD CURRENT (IOUT)

14 — 129 ol T Ta_+25C
= .. loL7- € [ Y | lour - 0 _ | ||1|||| ] LoD 15000F
L G3=Tuf Z f = DY NaL {ACH DRIVER)
.:;:. [a=1287°C o 100 _\ 3 I ! H |
& " ! R 7 g ,lr o AN !
S oa e = R
z Zow \‘ 5 _ E%-C--L.[ﬂrpk
- N 0 o« i
= SoC5— . ] =4 ' N
a0 =1 =02 -0.Npf z &0 \ g i© _Eﬁc 15'15}-;['4, I
B o0z \ Cl-b2-uhiuf . 4 E £ Gl \

N o oLy 1
305 7 R R F5 50 -2 U 2% %0 b 100 125 10 100 1000 1600C
TTMPTRATURT ()
DRIVER OUTPUT DRIVER OUTPUT DRIVER OUTPUT

SWITCHING WAVEFORM SWITCHING WAVEFCRM SWITCHING WAVEFORM
Voo 1Y By Vi = 15V
st Tt e
Cuoar - *500pr CLoab - 15009F Coec 150CpE

1 | | [ l

oV \ Syiniy \ A7 U NPURUPOURN Y (RPN FRTSRMUTINTT 1) PRI ST PP

o ; 0 v | \ u | \
- || i

spsfdiv Spsidiv

us/d v

o
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MAX620/MAX621

Quad, High-Side MOSFET Drivers

Pin Description

PN NAME FUNCTION
MAX620 | MAX621
1 1 ouT4 Orver Qutpat 4
2 2 Qu13 ‘ Driver Qulpal 3
3 3 IN3  TTL/ICMOS Compatible |nput fo Driver 3. Conrect to GN if unused.
4 4 INZ TTL/CMOS Compaible put to Driver 4. Conrect to GND if unused.
. Chip Enazie. Logic h'gn mhicits input data. Logic low frans®ers input data to the quad atcl;anc
5 g CE driver outeuts, CE pulse must be a: leas: 100n1s. Connect 1o GMD for direct data transfer to
~ driver ouleuls.
[§] PR Powc~Ready Oulpul is & log ¢ high equal tc Voo when V+ 2 (Vo plus 8.5V).
7 7 GND  Grourd -
8 Vi - High-side volage out. Faual to approximately Voo plus 11v. -
8 ce- ' (Mterrally connected to seconcary Cha'ge-p;hmc capacifor. Make 1o connecton to th s pin.
" Co. Positive lerminal to secondary charge-pamp capac tor. Connect to 0.047uF casagitor. )
For Vice > 13Y,v_cprnect 10 0~O1pFA‘
9 Ci- Internallly coniected to primary charge pums capacror. Make no conreclior L this p .
0 Cl- Negative termiral to or rary charge-pump cacacitor. Connect .o C.C47u= capacitor '
For Voo = 13V, cornecl 1o 0.01pk
10-17 (‘1 + Internally connected to anmary charge-puma capacitor. Make no conrectior to these pir\§
4 Cle Pasitive terminal te primary charge pamp capacitor. Connect to 0.047uf capac lor.
For Voo = 13V cornect to 0.01uln )
o 13 Voo Supply Voltage. Conrect 1o positive sLoc v, T
13 Co. MNegaive ermiral lo secondary charge-pump capacitor. Connect to C 547uf capac tor.
For Voo » 13V, carnect to 0.01pF
14 14 AI.C. Internal Conrection. Maks ne conecton to th s pin.
15 1: N1 TTL/CMOS Cempatible Input to Driver 1. Cannect o GND if unused.
16 o 16 N2 TTL/CMOS Compatible Input <c Driver 2. Connect 10 GND if unused.
17 17 out2 | DriverOutout2 )
18 18 QUTT | Driver Gatout 1 ] T

Vi1 K vl




Quad, High-Side MOSFET Drivers

TTL/CMOS INPUT

LEVEL TRENSLATOR (04 -

TTLICMOS| -,

DRIVER INPJT

INZ -

TLICMOS| ..
Nw—— 0

s .
Na JTI fMOS]

CELEVEL
TRANSLAIOR

7 JT.;’LMO}
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o
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Figure 1. MAXG2Q/MAXE21 | unclonal Diagram

Detailed Description

Figure 1 shows the MAX620/MAX621 funclional diagram.
Aregulated multi-stage charge pump supplies four MOS-
FET drivers with Ve plus 11V for drvng external MOS-
FETS (Figure 2). The logic inputs 1o Lhe four drivers are
stored ina quad latch. Datais latched by pulling CE high.
Ar undervoltage lockout feature prevents the driver out-
puts from going h'gh urlil V+ reaches the power-ready
threshold (PRT) vollage (Vcc plus 8.5V) and VGG is
greater than +3V.

The Dual Charge Pump

The high-side vol:age of approximalely 11V above VGe
is generated by a multi-stage charge pump (Figure 2).
Although the charge pump is capable of multiplying Ve
by up to four times, the output is requlated 1o VCC plus
11V by an internal feedback circul The charge oump
lypically operates at 70kHz, but regulates by pulse-skip
ping. Wher V+ exceeds VCe plus 11V, the charge purmp
shuts off. As V- falls below VGG plus 11V, the crarge
pLMp turns on.

The MOSFET Drivers

lhe four MOSFET drivers level shift TTL/CMOS input
signals to output levels that switch between ground anc
Vce plus 11V. These outputs can drive N-channel power
MOSFETs in cither h'gh-side or low-sicge switching an-

T . - —T—— YU
"y — 1= 2y
] SOWER-READY
. BGOSCHIATOR P [ ~~~~ <EOMPAEAIOR
'32 k: + ////' I \\\}
N0 CONTROLLOGIC S o
QVERVOL™AGE ™
COMPARA DR
+ . Ve

TWO-5145E CHARGE PUMF

PANRIIA™

GAD

Figure 2. MAXB20/MAX621 Charge Pump Block Diagram

VI K 20
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MAX620/MAX621

Quad, High-Side MOSFET Drivers

plications (a bridge arrangement would contain two nigh-
side and lwo low-side N-channel MOSFET switches—-
see Figure 4).

Data input Latch

The ariver outputs are separated from the gata inputs by
a auad latch. Wnen CE is pulled low, the latch becomes
transparent and data transfers directly to the outputs.
When CE goes high, the latch enters hold moae and new
input data is nat trarsferred to the driver outputs.

Input data must be valid typically 100ns be'ore the rising
edge of CE, and held for 10ns (max over temp). The
rminimu CE pulse wd:r is 100ns (Figure 3). If latchea

operalicn is nol requ red, connect CE o GND.

CE N

INPUF —
BATA B
{141-N4] o

- oap — -

DRIVER
QUTPUTS

Figure 3. Digital interface Timing Diagram

Undervoltage Latch Inhibit

If VoG falls pelow +3V due to a power faiure o wnile
powering down, or V+ fal:s below Ve plus 8.5V, the quad
latch immediately resets, forcing the driver outputs low.
The guad lalch remains reset until Voo rises above +3V
with the high-side voltage present. This prevents the
latch from heing corrupted with errorcous data in a
momentary power failure by ensarng that it will be reset.

Undervoltage Deiector

The MAX620/MAXE21 cach contain an undorvoltage
aetec:or, which forces all drver outputs low when the
high-side voltage (V) is 'ess than the PRT or when V¢
islessthan +3V. Thisensuresthattne external N-cnannel
MOSFET power transistors have sufficient gate drive to
onerate withou: dissipating excessive power. On power-
up. t1e auad latch remains resct until the charge pump
boosts the high-side vollage 1o the PRT. As soon as V+
reaches lhe PRT, the undervoltage lockout disab es, the
quad latch is enabled, and Power Ready (PR} geces h'gh.

The undervoltage lockout feature also forces the driver
outputs low il V+ is pulled below PRT, e.g., if the driver
output(s) or V+ are overloaded.

Power-Ready Output

The MAX620/MAX621's PR outpdt is a dircct extension
of the unaervoltage lockout feature. Wher power is
applied, PR remains a logic low until V+ reaches the PRT
and Vce exceeds -3V, The PR output high level is VGG,

Capacitor Selection for the MAX620

Capacitor type is not critical for the MAXB20. However,
if aperation with Vc¢ excecding + 13V is expected, C1
and C2 musl be no greater than 0.01uF. Larger value
capacitors, with VCC above +13V, dissipate excessive
energy inthe internal switches during charge-pump cycles.

Sourcing Current From V+
{MAX620 Only)

A small amount of current may be sourced from V+ (pin 8) 10
drive other circuitry. The anrount of cu-rent is a function of
Ve, the gate capacitarce of all MOSFETs being driven,
and the driver switcning rate {('MAX620 Max mum
Switching Rate vs. Additional V+ Load Current," Typical
Operating Characteristics).

The MAXG620 V+ outpdt is not internally short-circuit
protected. In applications wnere V+ is suscept-ble to
shorl circu ling, exterral outpu: short-circuit protection
must be provided. Accomplish this by connectng a
resistor between V+ and the nad o limit the V+ current
to less than 25mA. The resislor valde 1s delermined by
the following formula:

Vee
26mA

Application Iinformation
Data Input Transition Time

The MAXB20/MAXE21 are microprocessar compalible
and easy to interface. However, the driver input voltage
must not reman between V:L and ViH for more than
500ns. |1 clocked data-bus systems, this is most easily
accomplishea by seiing data on the driver nput ines
befare clocking CE low. However, most CMOS and TTL
gates meet the 500ns transitior speed requirement.
Connect dnused driver inputs to GND.

Maximum Driver Switching Rate

The maximum driver switching rate occurs wher loaaing
causes V+:ofalltothe PRT (Voo p us 8.5V) ard the dr ver
outputs go low. It is a function of the total gate
capacitance of all MOSFE 1s being driver anc the maxi-
mum available charge-pump output currert at a given

ReL =

7MA XK vl




Quad, High-Side MOSFET Drivers

supply voltage. For example, for VGG = +5V with no
external load on V+, the maximum switching rate wh'le
driving four 1500pF ioads is 15kH7 for the MAX620 (C1
= C2 = 0.047uF) and 14kHz for tne MAX621 ("Max-
mum Switching Rate vs. Vc¢." Typical Operating
Characteristics).

Typical Application Circuils
MH-Bridge Motor Driver

Figure 4 shows a MAX620 driving an H-bridge switch that
controls the direction of a +5V DC motor. By togging
between the FORWARD and REVERSE inputs as shown,
each MOSFET driver-output pair turns on its assac.ated
MOSFET oair, which passes current through Lhe motor,
causrg rotation in the desired direction. In order to
prevent all four MOSFETSs from switching on at once, the
FORWARD/REVERSFE inputs should be updated before
clocking CE low. Of course, FORWARD and REVERSE
must not be asserted simultaneously. Do not use a
supply vollage that will cause the gate arive to exceed
the abso ute maximum gate-to-source voltage of the
low-s de switch.

Stepper Motor Driver

A MAX620. clock source, puse control network, and
trarslator logic form a comrplete stepper motor driver

{Figure 5). TTL/CMQS signa s [rom the logic retwork are
translated to higk-side levels that drive four N-cnannel
power MOSFETSs, supplyirg current to each of four sten-
per motor phases. Diodes provide a d'scharge currert
path for the stepner motor w'ndings.

Logic-Controlled, +5V Regulated Power
Distribution

A MAXB20, LM10 refererce and op-amp combination,
and an IRFZ40 N-channel MOSFET comprise an u tra-low
dropout +5V regulator thal supolies power to four IRFZ40
high-siac sw'tches (Figure 6).

When the power switch, Sp, is closea, V+ guickly
pumps up to V¢ plus 11V, PR remans low and holds
the outpul of lhe +5V regulator near zerc until V+ has
reached the PRT, (Vc¢ plds 8.5V--dms typ). At the
same time, the undervoltage lockout feature of the
MAXGB20 forces the driver outputs low until the PRI is
reached. Capacitor C4 suppresses load-swilching
transients. Its size depends on the fargest load being
switched. With C4 = 1000uF, the peak transient for a
1A swilched load is less than 150mV.

The circuit pravides a sirgle continuous + 5V output ano
four switchea +5V supply lires. Tne regulator is capaole
ot sLpplying several amps with a tynical dropout voltage
of 28mV at 1A (Q1-I1RFZ40).
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Figure 4. H-Bridge RC Motor Confraiier

VI 21 A 7P

LCOXVIN/OCOXVIN



MAX620/MAX621
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Quad, High-Side MOSFET Drivers
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MAX620/MAX621

Quad, High-Side MOSFET Drivers

Chip Topography Package Information
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