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Design of a gate driver driving active balancing circuit for
BMSs.

Younghee Kim*, Hongzhou Jin*, Yoongyu Ha*, Panbong Ha*, Juwon Baek**

2 9 o g AL JF2 AFA AEShe BMSOIA AR 7 &3 FistA717] Hete] 74 Alo] Hete =
£ oEe A Wy vleo] dasith o A4 HYVIE ASSe 55 A gAY =204 A 7+ FFH (direct
cell-to-cel)2.&2 oyzE Adsi= WHA JFL PMOS AYXF NMOS ALAE 1E3l7] 95t ARlE 3% L&
PMOS 2929} NMOS AR 74 vk TLP2748 EEAZT(photocoupler)?t TLP2745 EZEAZH7} Hasinz ¥
7PF 7kt JHErt ol Jd#iA B =RojAe XEAZHE ARSSt] PMOS NMOS AYAHAAE F535ke o
Al 70V BCD 373715t PMOS Al°|E F53]29F NMOS Alo|E F&3&, AH Al7te] 7i4E PMOS ACIE F-53|2
9} NMOS Al°|E F5IZE At 294 Alzto] AA"E PMOS Al°lE 5 A9 AtE 8.9ns0]T, NMOS Aol
E 35 2949 At: 9.9nsE ¥ AHE At

Abstract In order to maximize the usable capacity of a BMS (battery management system) that
uses several battery cells connected in series, a cell balancing technique that equips each cell
with the same voltage is needed. In the active cell balancing circuit using a multi-winding
transformer, a balancing circuit that transfers energy directly to the cell (cell-to-cell) is
composed of a PMOS switch and a gate driving chip for driving the NMOS switch. The
TLP2748 photocoupler and the TLP2745 photocoupler are required, resulting in increased cost
and reduced integration. In this paper, instead of driving PMOS and NMOS switching devices
by using photocoupler, we proposed 70V BCD process based PMOS gate driving circuit, NMOS
gate driving circuit, PMOS gate driving circuit and NMOS gate driving circuit with improved
switching time. At of the PMOS gate drive switch with improved switching time was 8.9 ns
and 4t of the NMOS gate drive switch was 9.9 ns.

Key Words : BMS, cell balancing circuit, switching time, one chip, gate driving circuit
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Fig. 1. Cell Balancing circuit.
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Fig. 2. Gate driver.
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Fig. 3. Block diagram of a gate driver for driving
PMOS and NMOS switches.
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Fig. 4. Proposed PMOS gate driver.
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Fig. 5. Proposed NMOS gate driver.
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Table 1. tpp simulation results of MOS switches
based on a 0.18xm 70V BCD process : (a) PMOS
gate driver and (b) NMOS gate driver.

(a) PMOS AO|E F& A%

ON 30.93ne | 30ne | 36.27ns | 36.88ne | 37.36ne | 39.23ne [ 3.3nc

Slow

OFF 60.7ne | 57.7n¢ | 35.6ne | 49ne | 49.3ns | 47.5n2 | 13.2n2

ON 9.20ne | 917ns | 9.1Gne | 9.17ns | 8.26ns | 9.49nz | 0.29n=
Fast

OFF 13.0ne | 13.1ns | 12.0ne 12ne | 113ne | 10.7ne | 28ne

(b) NMOS ZI0|E & A=A

ON 39.48ne | 56.51ne | 56.39ne | 33.21ne | 51.96ne | S4.81ne | 7.0ns

OFF 37.Tne | 37Ane | 378ne | 378ne | 389ns | 48.8nc | 9.7ns

ON 13.83ne | 13.11ne | 12.87ne [ 12.19ne | 11.52ne | 11.57ne | 2.31n2

OFF 9.6ns 9.6ns 9.5ns 9.5n3 9.7ns | 10.7ne | 1.2ns
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Fig. 6. Simulation result under the slow condition
of S1 located at the top of PMOS gate drive switch
of ESS battery cell.
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Fig. 7. Simulation result under the slow condition
of S2 located at the top of NMOS gate drive switch
of ESS battery cell.
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Fig. 8. A proposed PMOS gate driver with
improved switching time.
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Fig. 9. Gate ONb circuit.
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Fig. 10. A proposed NMOS gate driver with
improved switching time.
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Table 1. tpp simulation results of MOS switches with
improved switching times in Figs. 8 and 10 based
on a 0.18xm 70V BCD process : (a) PMOS gate
driver and (b) NMOS gate driver.

(a) PMOS ZI0|E F& 22|

‘ ON | 12780 | 124400 | 117408 | 118400 téne | 118108 | 163

99ne 8.7ns 9. 7ns 98ne | 99ne

(b) NMOS 7I0|E & 22|

9 112 ESS =" 9] AH Azto] A
H PMOS APPIE F& A3 5 Adol YAt S1
9] slow X704 RAF AIE Ho|F1 glom,
17 12+ ESS HiEE A9 AP Alzte] AjAH
NMOS APPIE 5 A2 F Adto] A3t S29]
slow RZ9A simulation® A% AWE HoF

At
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Fig. 11. Simulation result in slow condition of S1
located at top of PMOS gate drive switch with
improved switching time of ESS battery cell.
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Fig. 12. Simulation result in slow condition of S2
located at top of NMOS gate drive switch with
improved switching time of ESS battery cell.
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Fig. 13. Layout image of the designed gate
driver based on a 0.18xm 70V BCD process.
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